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APPENDIX B. VEGETATION SUCCESSIONS AND ‘TARGET 
ECOSYSTEMS’ AT SANTANA PROJECT MINE AND 
ADJACENT REGENERATION AND ENHANCEMENT 
ZONES.  

B.1. Summary  

The rehabilitation approach for the Santana project plans to deliver four main 
vegetation associations that will be rehabilitated (in mined areas) and enhanced overall 
(in the wider area covered by Mine Regeneration Zones1). These vegetation associations 
form a mosaic that currently favours plants that tolerate pastoral farming practices but 
will be enhanced with components of historic (‘pre-degradation’) ecosystems that can 
be sustained by new management that prioritises ecological outcomes (Santana), and 
considers future risks of fire, drought and browse. There is no single ‘pre-degradation 
state’ to return to that would be resilient under current, or future climate or 
management.  

This document summarises the evidence on which the four ‘rehabilitation’ vegetation 
associations are based. Evidence is presented in three sections: the range of historic 
ecosystems (at three time-periods), likely vegetation successions and current 
ecosystems. Stresses that drive the current vegetation mosaic are described. 
Rehabilitation management is designed to accentuate differences in drought stress and 
grazing/browse pressure to sustain a mosaic, and favour persistence/expansion of the 
highest-value components. These components are cushionfield (characterised by 
Raoulia) and spring annual herbs which generally occur within cushionfield.  

The key findings are summarised in the following aspects. 

Ecosystems present before current state (part 2). Aerial photos show a marked 
increase in woody vegetation (kanuka and grey shrubland) and non-native 
grasslands/vineyards/orchards and decrease in cushionfield since 2003 on Ardgour 
and ~1975 in lower Bendigo slopes2. Large areas have no pre-human vegetation 
associations present today (McGlone 2001). There is general agreement that the 
current kānuka or Olearia scrub/treeland (T12 in Singers and Rogers classification) was 

 

 

1 Note ‘overall’, as the scale at which management is applied favours specific vegetation in each 
management unit – e.g. cushion herbfields in MRZ B1 (browsed) and grey shrubland in MRZ B3 (removal 
of browsers) which means highly palatable plant species will remain in low abundance in most of MRZB1 
and abundance of plant species vulnerable to shading will gradually reduce in MRZ B3  
2 Rocky Point aerial photo assessment (the report also considers accelerated woody thickening in the 
last 6 years with stock removal). RMA Ecology draft ‘‘Aerial analysis for veg cover Argour&dry Creek 2003-
20020.wpd’ shows similar patterns since 2003.  
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present 50 to 100 years ago and that kanuka (Kunzea serotina), although present before 
burning, did not form the extensive cover present today. Kanuka has increased because 
it is tolerant of fire and grazing.  However, there are divergent opinions on what was 
present ~800 years ago, before more frequent fires were initiated by early Maori. 

ORC maps (ArcGIS Enterprise - Otago Ecosystems and Habitats) show kanuka/olearia 
scrub/treeland present with significant areas of a second vegetation type – totara  
(Podocarpus hallii), celery pine (Phyllocladus alpinus) and broadleaf (Griselinea lucida) 
forest. However, all three species have higher moisture-demand and lower fire 
tolerance than the dominant shrubland, and Wood and Walker (2008) show these 
species do not occur in macrofossils. Pole (2022) also found no evidence of species of 
‘wetter’ forest such as broadleaf. Pole’s work, based on 115 rock shelters and 
coprolites suggests large areas had a canopy dominated by kowhai and pittosporums 
with lower proportions of Malvaceae (ribbon wood or lacebark, Plagianthus or Hoheria, 
in 5% of shelters) and lancewood (Psuedopanax ferox, in 4% of shelters). It is therefore 
considered unlikely the ‘wetter’ species in the ORC maps would have been widely 
present in the Bendigo study area because the area is so dry, although they may have 
occurred in fire sheltered pockets along SE-facing stream banks (and proposed to be 
established in such areas). 

The vegetation mosaic today, described in part 3, has been induced and maintained 
by five types of disturbance:  

• Fires have stunted tussocks and restricted vulnerable species to refuges (rocky 
outcrops and raoulia slopes with low fuel loads); for example Pole (2022) found 
Hebe cupressoides in 32% of shelters, but none/few are now present 

• Mammalian grazing and browsing has stunted/removed tussocks (notably 
snow tussock from higher elevations, toetoe from wetlands), removed palatable 
plant species to inaccessible refuges, supressed regeneration and/or removed 
foliage within browse height, e.g. kowhai, larger-leafed hebes (Veronica species) 
and native brooms (Carmichaelia) 

• Stock (merino, cattle) trampling, rabbit burrowing and scratching, and 
probably farm vehicle tracking has limited vegetation cover on shallow soils and 
exposed soils to greater frost-heave and wind erosion, while leading to net soil 
deposition in gullies and leeward (south-easterly) slopes 

• Over-sowing with non-native pasture species combined with topdressing with 
phosphate and sulphur fertilisers has excluded native species (and allowed 
establishment of non-native plant competitors 

• Physical clearance by cattle trampling and browse, and mechanical damage by 
machinery combined with herbicides (aerial and ground-based) has constrained 
expansion of grey shrubland and kanuka in some areas.  
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These disturbances have favoured fire-resistant, unpalatable species and development 
of areas mapped as ‘depleted herbfields’ by RMA Ecology that are dominated by 
cushions and mats of Raoulia (scabweed) species in areas where pasture is not 
competitive. These herbfields have high conservation values due to a rapid decline in 
their area and presence of both threatened plant and invertebrate species; they also 
support skinks and geckos. The flora has been mapped in the Direct Development 
Footprint (DDF)and wider landscape in various complementary ways, as: plant-
associations; locations of taramea near the DDF and of remnant kowhai trees (Fig X); 
heat maps showing probability of spring annual herbs presence (Fig  X) and 
cushionfields (Fig X); and comprehensive lizard and invertebrate data including 
locations of an important weevil linked to taramea and an important moth linked to 
herb field (Fig X). These figures are based on RMA Ecology and Habitat NZ surveys from 
late 2023 to early 2025.   

   

Figure 2: Left. Grey shrubland on Ardgour southern upper slopes. Browse has removed lower branches and leaves. Right: a site with hollows 

where sheep have ‘camped’ and extremely heavily grazed sheltered (photos Sept 2024 before the spring flush of growth).  

B.2. Native vegetation types previously present  

It is probable the Bendigo landscape has always comprised a mosaic of vegetation 
types differentiated by stress and disturbance. The succession pathways follow in 
reverse to a limited extent if native seed sources are present and if the conditions that 
maintained the ‘before’ species are present, hence diversity is higher in areas 
inaccessible to browsing mammals. Even in these areas, woody seedlings may only be 
able to establish in unusually wet summers, and/or specific sequences of La Nina/El 
Nino (and/or other global patterns) when extended periods of lower stress that give time 
for seedlings to develop roots deep into soils (roots systems extending more than 2 m 
depth have been observed for Olearia and matagouri on site), and in suitable microsites 
‘primed’ by facultative vegetation (including brier), disturbance and reduced moisture 
stress (e.g. rock stacks, swales). The vegetation types that were previously present are 
described below as three phases: before Māori settlement, before European 
pastoralism, and in the pastoral intensification era.  
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B.2.1. Prior to Māori settlement (>700 years ago) 

The best evidence on prehuman vegetation is documented by Pole (2022) who studied 
macrofossils and coprolites from 112 rock shelters at lower elevations in gorges 
adjacent to the river Clutha, in the same dry, high-stress Land Environments NZ (LENZ) 
Level IV environments as the Bendigo site (mainly N4.1e, N4.1d, and N4.2c)3.  

Pole analysed samples of mid-late Holocene dried leaf material from 115 rock shelters, 
identifying the taxa using epidermal details of the leaf cuticle. He writes “Based on it 
being the only large tree in the area now, and the nearly ubiquitous presence of its 
leaves in the shelters, the most important plant in the area is considered to have been 
Sophora microphylla. Based on the size of old, relict trees that remain, kowhai likely 
formed a forest with a continuous, but low (perhaps 14 m) and open canopy over the 
study area. Other trees which were present and are entirely absent (or almost so) from 
the area now include Pittosporum tenuifolium and Pseudopanax ferox. They suggest 
more closed canopy forest, perhaps in more localized areas, but were subordinate to 
Sophora. However, other common plants included Carmichaelia, Rubus, and Hebe 
cupressoides that are more suggestive of lower, open vegetation”. Importantly, Pole 
found that there was “no indication of a conifer component or of ‘wetter’ forest trees 
such as Nothofagus and Griselinia”.  

Pole’s analysis of moa coprolites supports this conclusion, He writes “Cuticle within 
the largest associated coprolites indicate that moa (Aves, Dinornithiformes) was 
ingesting a similar range of plants as the shelter material. Of particular interest is that 
moa clearly ate Sophora microphylla, the first evidence for this. Together these data 
suggest a Central Otago ecosystem where a low Sophora microphylla forest 
predominated and was utilized and perhaps maintained by moa.” 

Pole’s (2022) study found the ‘whip-cord’ Hebe cupressoides present in 31 (37%) of 
shelters in the Cromwell Gorge. This fire-sensitive species is now found only very 
sparsely on the fringes of Central Otago, with the closest known specimens near 
Luggate and a streamside in Dunstan Creek 20-30km away. Bathgate (1922) referred to 
Hebe cupressoides as an element of “scrub in the riverbed” in Central Otago and its 
common shelter remains suggest it was common in pre-human shrublands. Olearia 
(which could not be attributed to species) was in about 10% of rock shelters in Pole’s 
study. 

Pole’s analysis is convincing and is backed up by more geographically limited studies. 
Wood & Walker (2008) found Pittosporum tenuifolium leaves along with a range of 
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lianes (including Scandia). Two Podocarpus seeds but no leaf macrofossils were found 
in any of the 115 rockshelters. As Pole (2022) points it is very unlikely that there was 
Hall’s totara growing in the vicinity and more likely that the two seeds were transported 
from elsewhere, especially upslope where snow totara is still common and was 
probably more so in pre-human times. Wood (2008) identified moa nesting material 
from the gorges was Muehlenbeckia, Malvaceae (either Hoheria or Plagianthus), 
Plagianthus regius, Coprosma sp., Olearia sp. and (a non-whipcord) ‘Hebe sp. cf 
odora’.  

Conifers were absent in Pole’s samples. Kānuka (Kunzea serotina) occurred as a 
macrofossil only very rarely in Pole’s sample (only two fragments of Kunzea ericoides 
leaf were found). Kānuka is currently rare within the catchments of the proposed mine 
site, although it is common on rockier ground in Bendigo Scenic Reserve to the 
southwest. Aerial photographs from the 1950s sourced from Retrolens show only 
sparse shrubland in the Scenic Reserve, so the kānuka has only recently consolidated 
there recent decades. There is no evidence that it occurred previously, and Pole’s 
conclusion that Kunzea (and similarly Leptospermum) are anthropogenic is well 
founded.  

Environments on the eastern slopes of the Dunstan and Pisa ranges are moister and are 
not analogous to those at Bendigo. Unlike the northwest-facing slopes of the Dunstan 
Mountains, the eastern and southeast facing range slopes will have supported less 
drought-tolerant tree species such as beech, Hall’s tōtara (Podocarpus laetus), 
broadleaf and toatoa. For example, in the Waikerikeri Gorge on the eastern flanks of the 
Dunstan Mountains, several old, clearly relictual Griselinia trees, a single Pseudopanax 
and many Podocarpus are growing at about 700 m above sea level (Pole 2022). There is 
no empirical evidence that any of these ‘wetter forest’ tree species were ever present at 
the much drier proposed mine site. If they were present (and Ardgour’s owner reports 
seeing totara stumps in gullies decades ago) the empirical evidence suggests they were 
only ever a minor and localised component of the vegetation. 

B.2.2. Before European pastoralism (about 175 years ago) 

We have no accounts of the vegetation on the eve of European settlement, but the 
charcoal record tells of unprecedented and repeated burning throughout the period of 
Māori occupation and hunting (Rogers et al. 2007). Since fires were rare until Māori 
settlement, the woody vegetation was probably very rapidly and then progressively 
further depleted, with periods of regeneration interspersed with further clearance and 
retraction to fire-refugia. In this period, tall tussock grassland expanded greatly 
downslope from probably very localised range-top environments, and repeated burning 
ensured that woody components were relatively few.  Short tussocks and a range of 
other herbaceous species would have greatly expanded their ranges in lower, drier 
environments cleared of fire-sensitive woody species in the absence of browsing and 
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grazing mammals and birds. Increases in large-grained and small-grained Poaceae 
(grass) pollen track this transition (Rogers et al. 2007). 

B.2.3. Era of early European mining and pastoralism (about 175 to ~75 
years ago) 

During the 1850s gold miners removed remaining wood for fuel and structures, and 
then a rapid “cleaning out” of palatable species occurred alongside further retraction of 
fire-sensitive species as European sheep farming began. Mather (1983) describes the 
changes based on early botanical accounts, “The combination of frequent burning of 
the vegetation and overgrazing soon resulted in a perceptible decrease in vegetation 
cover, such that land deterioration accelerated in the 1870s and 1880s when a rabbit 
pest irrupted. No effective action was taken to deal with the problem of land 
deterioration, and by the early part of the twentieth century parts of Central Otago were 
described as man-made desert. The tussock grassland had given way to almost bare 
soil interspersed with patches of Scabweed (Raoulia lutescens4), and accelerated soil 
erosion resulted in slope-wash and gullying.”   

Mather’s synthesis and accounts by O’Connor show stocking rates and stock carrying 
capacity dropped rapidly as vegetation was stripped. Because the taller elements of the 
indigenous vegetation had little resilience, and rabbits and sheep were still present, 
plant stature recovered only slowly if at all, protracting desertification. Bendigo and 
stations to its north were among the most denuded pastoral leases, comparable to 
Earnscleugh and Galloway in the Alexandra basin, because they have extensive areas of 
north-west-facing, drought-prone slopes.  Repeated rabbit plagues and cushionfields 
were widespread below about 700m through much of the 20th century.  There was also 
widespread soil erosion, redistribution and loss which Hewitt describes from the 
climatically similar Conroy land system (Hewitt 1996). At higher elevations, snow 
tussock and its shrub elements were depleted, and snow tussock could be eliminated 
when fire was followed by grazing (this is probably what happened west of Thompsons 
saddle).  

B.2.4. Pastoral intensification era 

Widespread oversowing and topdressing commenced after WW2, along with more 
fencing and associated differentiation of land use by blocks. It is likely that cover of 
exotic grasses, clovers and (inadvertently) also shrubs were able to be increased on 
darker (moister) faces, creating vegetation less suitable for rabbits. However, on sunny, 
NW-facing drought-prone slopes the replacement of cushionfield with sward grasses 

 

 

4 Now Raoulia australis 
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was slower and less certain, probably dictated by year-to-year variations in weather, 
rabbits, merino stocking rates, and the farm budget available for oversowing, 
topdressing and rabbit control. Accordingly, cushionfields have probably waxed and 
waned with over the last 50 years. Concurrently waves of annual and herbaceous 
weeds (including Echium, sheep’s sorrell, St John’s wort, and thistles) have boomed at 
times and then settled back again.  

More recently, introduction of cattle have severely damaged the wetlands and 
streambeds they prefer, collapsing stream banks and opening shrublands, especially 
on gentler relief. However, cattle have probably not spent long on dry spurs where 
cushionfields which afford little forage, and the main mechanical disturbance there is 
probably by merino trails and camps and rabbits.  

B.3. Present vegetation and remnants 

Present vegetation associations (ecosystems) in the Direct Development Footprint and 
wider landscape are provided as mapped plant-associations, locations of taramea near 
DDF edges, locations of remnant kowhai trees, a heat map showing probability of 
spring annual herbs presence, and heat map for herbfields (cushionfields). Lizard and 
invertebrate data include locations of notable species linked to taramea and to herb 
field. Figures are based on RMA Ecology surveys from late 2023 to early 2025 for 
Santana. The vegetation forms a mosaic defined by slope, aspect, elevation and 
moisture: 

• high-stress sunny spurs and faces: low to mid-elevation cushionfield (Raoulia 
dominant) with spring annual herbs and Pimelea aridula 

• gullies within sunny spurs and gentle slopes: sparse short tussock grasslands of 
species of Poa, Festuca, Deyeuxia and Rytidosperma, with inter-tussock 
prostrate herbfield species with occasional taller shrubs including brier, 
Coprosma, Olearia, matagouri, Carmichaelia and Melicytus. 

• ‘dark’, shaded faces at low elevations (<600m) and favourable sites above 600-
700m: Sparse to dense Olearia scrub/treeland with the occasional areas of relict 
kōwhai. The thickest shrubland is on south-facing slopes and most diverse 
shrubland around tors/rocky outcrops. Contains Olearia, Carmichaelia and 
Melicytus species, with korokia, matagouri, mountain tauhinu, lianes 
(Muehlenbeckia, Rubus) and perhaps locally in fire-sheltered sites Myrsine 
divaricata (still present in the vicinity today) and possibly (but not found yet) 
Leonohebe cupressiodes. 

• high elevation herbfield – now dominated by short-tussocks (Festuca and Poa) 
and with sparse or local Chionochloa and taramea and Ozothamnus but would 
have included toatoa, snow totara and snow tussocks.  
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• seepages, riparian areas of ephemeral and permanent streams and wetlands. 
Scattered across slopes and valley floors, generally impacted by cattle.  

Taller ecosystems in the project area are generally in poor ecological condition with 
severely depleted plant diversity, limited regeneration, and simplified tier structure (few 
lianes, few emergent trees, depleted groundcover) (e.g., Fig. 2 shows an extreme 
outcome).  However, woody cover has thickened over at least the last 3 decades in 
deeper gullies and shaded or protected aspects. In the project area this recovery mainly 
consists of browse-resistant or tolerant species such as Coprosma propinqua, Olearia 
odorata, and matagouri, along with brier, and probably reflects many decades with 
lower frequencies of fire, a general decrease in rabbit numbers since the 1990s and the 
introduction of RCD, and possibly replenishment of nutrients by oversowing and 
topdressing.  It differs markedly from thickening in Bendigo DOC Reserves, where 
kānuka has dominated. 

 

 

Figure 3: In the Santana project area landform, elevation, and aspect combine to create a mosaic of more-sheltered, less-stressed areas with 
higher cover of woody plants (predominantly grey shrubland). The left photo shows mid to higher-elevation areas where cushionfields are sparse 
to absent (photo April 2024). The right photo shows cushionfields with Raoulia australis mats in the foreground and on the higher slopes above a 

band of sparse short tussock and shrubland (photo September 2024 before the browning-off of exotic herbs and pasture species).   

The BOGP site area also contains scattered kowhai trees (Fig. 4), some of which occur 
in patches likely to have regenerated from single remnant individuals. These are rarely 
on rock outcrops or area with high rock cover but are generally on lower-biomass 
slopes that could be fire refuges. 
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Figure 4. Map showing confirmed locations of individual and small groups of kowhai, February 2025. RMA Ecology April 2025 

Woody non-native plants have also been ecosystem transformers in the wider 
landscape. At the site only brier is widespread. Brier may be transitory and may 
facilitate establishment of native species in drier sites. However, other smothering non-
native plants that could degrade grey shrubland are present in low densities and in the 
wider area. An undated DOC report reports wilding pines and Clematis tangutica as 
primary weeds of concern for Bendigo Reserves. Adjacent farms have a range of woody 
weeds that present risks in the medium-term including willows and bird-dispersed 
woody shrubs (which may include elderberry, hawthorn, boxthorn, maybe rowan). A 
range of Nitrogen-fixing and drought tolerant non-native species were established in 
historic trials below Welsh town. Surveys associated with the Rocky Point subdivision 
recorded Pinus radiata and Pinus contorta in kanuka, Buddleja davidii in cushionfields, 
flowering currant (Ribes sanguineum) and cotoneaster (Cotoneaster franchetti) 
becoming well established amongst brier shrubland, and wild plum (Prunus sp.), 
flowering currant and stinking iris (Iris foetidissima) along the lower northeastern slopes 
of the site (ref).  In areas nearer to Alexandra, raoulia and annual herb habitats are being 
smothered by thyme, stonecrop (Sedum acre), pasture grasses (especially taller bunch 
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grasses) and other herbaceous weeds with stonecrop a particular threat to depleted 
herbfields5. 

 

  

 

 

5 Succulent leaf and stem fragments root, giving it a creeping habit. Quick maturing; produces very many, relatively long-lived 

and well-dispersed seeds. Tolerates wind, salt, very hot to hard frost, drought, poorest soils. Seed, stem and leaf fragments 
spread by soil, wind, water, road graders, traffic and gravity. Forms mats that can exclude almost all other species  
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APPENDIX C. POST-MINING REHABILITATION METHODS FOR 
LIZARD HABITAT BENDIGO-OPHIR PROJECT 

This appendix describes the lizard species in the Bendigo-Ophir project footprint, their 
habitat requirements, and methods for salvage and rehabilitation of lizard habitats 
within mined areas and adjacent edges of Mine Regeneration Zones. Lizards are locally 
abundant in suitable habitat across the site. Rehabilitation of lizard habitat requires 
establishment of shelter (suitable rocks and structural plants such as tussocks), food 
(invertebrates and plants) and suitable temperature and moisture regimes over 
interconnected territories6. The density of suitable rock refugia is a fundamental 
control on lizard density (particularly gecko density). Although smaller rocks will be 
stripped with soil (so respread on area to be rehabilitated) and some scree will form as 
pit highwalls weather, the high-value, stable, long-lasting (centuries) rock 
outcrops/stacks must be added to mined areas (Fig. 1) as they will not otherwise be 
present. These rock outcrops/stacks also provide lower-stress microclimates and 
refugia that can support a wide diversity of plants if grazing is controlled. Rock refuges 
are also plant refuges as they create and sustain plant diversity and invertebrates, 
especially through fires and climatic extremes. The rock stacks created for lizards are a 
visible part of the rehabilitated landscape, so their placement on rehabilitated 
landforms should complement natural patterns and avoid creating obviously artificial 
constructed patterns. Presence of tussocks influences the density of tussock skinks, 
hence the salvage and reintroduction of larger tussocks supplemented with 
nursery-grown tussock is a second fundamental component of rehabilitation of 
mined/stripped areas. Many mammalian predators of lizards are present (mustelids, 
cats, hedgehogs, pigs, mice). Although predator control is proposed for the duration of 
the project, the rehabilitated tussock and rock features are designed to provide long-
term habitat refuges that secure lizard populations irrespective of the level of predator 
control delivered in the future. 

This section describes success criteria and methods used to develop rehabilitated 
habitat on mined land for lizards: dense tussock areas, individual rocks and rock 
refugia created as rock stacks and rubble pits with suitable native plant species and 
initial densities that will naturally spread into adjacent areas. Photographs and figures 
are used to illustrate key points. Photos include examples of higher quality (acceptable) 
and low quality (unacceptable) rehabilitation outcomes. The benefits of rehabilitation 

 

 

6 Herbert et al (2025) note ‘With high initial and ongoing resources required for effective predator control, creation of self-

sustaining, high-quality habitats is an attractive complementary strategy for conserving New Zealand’s endemic lizard fauna 
(Norbury et al. 2014). Habitat enhancement is encouraged for lizard conservation in New Zealand and has been used to 
attempt to mitigate adverse effects of land use change or development on lizards.   
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will be quantified by monitoring lizard colonisation and population abundance as 
described in the Lizard Management Plan or Biodiversity Effects Management 
Monitoring Plan.  

C.1. Lizard species and habitat needs 

Although three lizard species are present, rehabilitation of lizard habitat on mined land 
focuses on the two threatened species: Kawerau gecko and Tussock skink. The 
Kawerau gecko is a nocturnal species requiring refuges of deep, clean cracks 5 to 20 
mm wide7 between, and under, rocks and boulders. These rocks and boulders range 
from A4 paper-size to house-size. Trees such as old kowhai with fissures probably also 
provide suitable habitat, however these are sparse (12 individual trees or small groups 
are mapped within or near the mine footprint). The Kawerau gecko lives in communal, 
multi-generational ‘harems’ with single males and groups of females and young 
together in one refuge. Lizard habitat currently probably covers 60 – 100 % of the project 
site in the various habitat types, even across very sparsely vegetated areas such as 
cushionfield (mapped as depleted herb-fields by RMA Ecology) where small rocks are 
present. However, lizard densities are highest within relatively open areas that have 
suitable individual rocks and rock outcrops or stacks. Up to 20 geckos were recorded 
under single artificial habitats (ACOs) that were deployed for 10 months, indicating 
such artificial retreats can also provide temporary replacement or additional habitat if 
needed. Tussock skinks are in higher densities in areas with moderate to high tussock 
cover, particularly in moister areas and in combination with rocks or divaricating 
plants/vines which provide cover. McCann’s skink is also present across the site. This 
species is much more abundant, is not threatened and appears to occupy habitats 
used by both Kawerau gecko and Tussock skink. This indicates it is likely to benefit from 
the rehabilitation practices focused on the two threatened species.  

All three species: 

• These lizards have varied diets that include berries, nectar, and invertebrates. 
The habitat restoration strategy incorporates several approaches to support this 
dietary diversity. Transplanting salvaged tussocks serves as biological "seeding" 
- these grass clumps harbour invertebrate communities that live within their root 
systems and the deep, moist organic matter at their base 

• Benefit from habitat enhancement that involves adding organic mulches such as 
wood chips and potentially wool, along with placing large-diameter logs from 

 

 
7 It would be useful to include measurements during lizard salvage to determine the lower range, e.g. crack height (may be less 

than 5 mm) and depth. Optimum crack depth is probably 10 to 50 cm, narrowing towards the back as this provides greater 
thermal protection from cold and predator protection. Smaller geckos can use smaller rocks/cracks. 
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salvaged trees like kowhai, willow, poplar, or pine. Creating small wetland areas 
within rock piles and excavated depressions further enriches the environment for 
soil-dwelling and leaf litter invertebrates that form a crucial part of the lizards' 
diet 

• Benefit from the inclusion of native plant species that produce berries and nectar 
(referenced in Table 1), which directly provides food sources for the lizards while 
simultaneously attracting insects that serve as additional prey. This multi-
layered approach aims to create a self-sustaining ecosystem that supports the 
lizards' complex nutritional needs 

• Are vulnerable to predation, particularly larger individuals and when 
temperatures drop below ~1.5C (when they cannot move away from threats)8. 
Skink eDNA was found in guts of ferrets and one of five cats captured across the 
Bendigo-Ophir site by Habitat NZ. Rock stacks are designed to include crevices 
with narrow openings that allow lizards to hide in inaccessible areas and/or 
defend themselves against most predators. Design can also reduce the 
accessibility of bare rock basking areas to mammalian predators by including 
basking areas located at least 1 m above the ground and establishing ground or 
rock-hugging vegetation that is densely divaricating (porcupine shrub), thickly 
tangled (some vines), spikey (taramea), or thorny (bush lawyers). Rehabilitation 
establishes dense stands of tussocks and aids natural thickening of existing 
tussocks by removing browse and reducing weed competition (primarily with 
non-native pasture grasses) 

• May be vulnerable to freezing temperatures in unusually cold years. Providing 
refuges that include rock sunk at least 1m9 below ground, stacks with cracks 
>200 mm depth and dense adjacent vegetation aims to maintain warmer refugia 
in winter 

• Are in lowest densities in the Project Area within dense Olearia or matagouri/ 
brier rose. These typically have depleted/absent ground cover, and in areas with 
non-native pasture grasses may be closely grazed or bare ground with few rocks 
e.g., the air strip surface or earthy bunds along the side of the roads and drill 
tracks (Fig. 3). Removing grazing from most areas of grey scrub will allow 

 

 

8 Bogisch and Monks 2016 state ‘habitat was created by ecosanctuary staff and volunteers using schist and other rock slabs to 

mimic rock tors used by Otago skinks in the wild elsewhere in Otago’ . They report ‘Monitoring during the previous winter 
showed that temperatures of potential retreat sites at 200–650 mm depth within the rock piles remained above 1.5 °C, enabling 
skinks to avoid freezing (Sophie Penniket and Alison Cree, pers. obs.)’ 

9 to be confirmed with measurement of temperature within the refuges constructed in year 1 using the first rocks and boulders 

stripped during opening works per Turner et al 2024 
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thickening of groundcovers, including tussock when combined with selective 
control of competition from non-native pasture.   

• Are in highest densities in the Project Area within outcrops, tussock, cushionfield 
(particularly where rocks are present) and taramea (Fig. 4).  Establishing rock 
habitats in rehabilitated areas and enhancing rock and tussock density along 
edges of stripped areas is designed to enhance lizard densities in areas from 
which they can spread throughout most rehabilitated areas. 

C.1.1. Rehabilitation objective for lizard habitat  

Establish habitats suitable for Kawerau gecko and Tussock skink over 20% of the 
rehabilitation area within 5 years of initial rehabilitation treatment by applying the 
specified soil and root zone reinstatement, rock placement and planting and other 
treatments prescribed in this section. Establish habitats suitable for these species over 
40% of the rehabilitated areas by closure (20 years post initial rehabilitation treatment). 
These habitats will be representative of the types used by lizards across the site pre-
mining, and under suitable pest plant and animal management are anticipated to 
gradually expand as vegetation and leaf litter develops and highwalls weather to create 
a mosaic of ecosystems that support expansion of the three lizard species in 
rehabilitated areas in the medium to long term10. This expansion and development will 
be supported by weed, mammalian browser and predator management with weed 
management and stock grazing varying by Mine Management Zones.  

C.1.2. Rehabilitation Methods  

Enhance depleted lizard habitat along suitable edges of all excavated areas bordering 
undisturbed ground. Edges are nominally 5 m width (up to 8 m width being the reach of 
a digger arm depending on machine configuration). Salvage resources (rock, boulders, 
live tussock, dead taramea and porcupine shrub), and establish new lizard habitat on 
TSF, ELFs, soil stockpiles, haul roads and outer edges of highwall benches (Fig 2) to 
provide lizard access to highwall benches. Enhance overall11 lizard habitat in Mine 
Regeneration Zones by increasing plant diversity and encouraging thickening. These 
rehabilitation methods include the following eight actions: 

• Strip, salvage and stockpile rehabilitation resources 

• Salvage all weathered boulders during stripping. Either place boulders into 
‘suitable edges’ of excavated areas or stockpile. Suitable edges are 
windrows/bunds and natural, undisturbed ground immediately adjacent to 

 

 
10 Short term ~ 10 years, medium term ~XX years being the term of the resource consent, long term >50 years. 
11 Some shrubland thickening may reduce habitat for lizards, particularly if tussock density or cover is reduced; predator 

management will also influence lizard densities 
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stripped areas (nominally 5 m width up to 8 m width depending on machine 
configuration, i.e. the maximum reach of an excavator to avoid trafficking 
undisturbed ground) where the undisturbed ground has >25% non-native pasture 
cover and <25% boulders/rock cover (on a nominal assessment unit of 100 m2)12. 
Place salvaged rocks onto non-native grass or clovers to achieve up to 50% rock 
coverage – this includes covering pasture or non-native herbs that are under grey 
scrub. Do not add rock to areas supporting spring annual herbs or cushionfield. 
Some rock may be used off-site in Predator Proof Zones. High value boulders for 
lizard habitat have deep (>200 mm) horizontal cracks 5 to 20 mm wide with no 
soil, but all weathered boulders must be salvaged as boulders are a scarce and 
valuable rehabilitation resource that even without cracks provide shelter and 
pockets of higher soil moisture 

• Provide adequate stockpile areas and volumes for weathered boulders >500 mm 
diameter that are separate from soil and root zones (rocks <500 mm will be 
stripped together with soil and whole plants). Note: the cutoff diameter for 
separate salvage may be smaller, as it depends on the machinery used to strip 
soils and may be as small as 300 mm. Large boulders will need to be broken into 
transportable sizes  

• Salvage live tussocks either by placing/planting into suitable edges or windrows 
(if suitable, e.g. not spring annual herb habitat) or to rehabilitation areas. Salvage 
at least 12,500 live tussocks, equating to 1.25 ha at 1m spacing (natural spacing 
in denser areas is often 0.4 to 0.6 m so if tussock ‘bucket loads’ are removed 
rather than individual plants, less space will be required). Once more than 
12,500 tussocks have been successfully translocated13, tussock may be placed 
in soil stockpiles, i.e. mixed with soil in full truck loads which will kill tussocks 
that are buried. The final outer surfaces of soil stockpiles are potentially valuable 
areas in which mixed tussock and soil may survive and regenerate, or into which 
individually stripped tussocks could be stored. Mine schedules and stripping 
methods need to be prioritised this for it to happen and be successful (spring and 
early summer is likely to be most successful and summer the least successful 
time). However, even a stockpile surface of salvaged live or dead tussocks will 

 

 
12 Grazing will be removed from most buffer areas other than those adjacent to Mine Regeneration Zone B1 where raoulia and 

spring annual herbs are prioritised. Combined with weed control, reduced browse is expected to allow natural expansion of 
individual plants in most areas and regeneration between plants in areas with ?>30% initial cover (by providing shelter and 
seed). Limiting rock placement to areas with ~<30% native cover allows space for this natural recovery.  
13 A suggested success criterion is 150 tussock habitat nodes, each with >50 tussocks (i.e. a minimum 7500 tussocks) and 

each rock stack with at least 10 transplanted tussocks (a minimum 500 rock stacks therefore requires at least 5000 tussocks). 
Success is maintenance of live tussock over 3 years following transplanting, although some dieback is likely following 
translocation, healthy regrowth should be present by year 3 with leaf lengths similar to those present before shifting. Target 
tussock species are identified as * in Table 1. Tussocks will have basal diameters >100 mm and full root depth (nominally 300 
mm depth as larger plants are generally more resilient to shifting). Resilience to shifting may be increased by avoiding grazing 
by cattle in the growing season prior to stripping to allow tussock to build up carbohydrate supplies.  
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help reduce dust erosion from the soil stockpiles and rehabilitated areas 
(irrigation may have the dual benefit of supressing dust and enhancing tussock 
survival) 

• Salvage all taramea (including at least the upper 300 mm of root systems) and at 
least 50% of porcupine shrubs (above-ground parts) from stripped areas. Place 
these along suitable edges and into rehabilitated rock stacks when and where 
scheduling permits. Suitable rock stacks for taramea will be at higher elevations 
and relatively near to undisturbed populations. Both taramea and porcupine 
plants provide long-lived cover even though they are unlikely to survive shifting. 
Shifting taramea may also inoculate soils and leaf litter with a range of 
invertebrates14, while porcupine shrub seed or root regeneration might occur 
within protected microsites within rehabilitated rock stacks 

• Construct lizard habitats in rehabilitated areas (Fig. 1). Each lizard habitat 
includes a rock stack and surrounding sparse rocks with clusters of planted 
tussock and shrubs at an average density of 1 per ha, delivering a minimum total 
of 500 stacks within the mined rehabilitated area. These rock features will not be 
built on pit walls, lakes or wetlands. Clusters of rock stacks will form ‘habitat 
nodes’ designed to cover 20% of the site, excluding highwalls, by 5 years post-
construction. Construction methods will be refined within 3 years of mine 
opening and include monitored rock stacks on the Western ELF. Individual truck 
loads may be unloaded over trenches at least 1 m depth that are excavated into 
final landforms within rehabilitated areas that have been covered with root zone, 
including soil. An excavator with grapple may be used to stack rocks to create 
clean, horizontal crevices, and place or throw less suitable rocks (smaller or 
rounder) from the pile into adjacent areas. At least >100 rocks/ha will be exposed 
on rehabilitated surfaces by either ‘throwing’ rocks from the piles or ‘rock 
picking’ from spread soils where they contain adequate rock or adding additional 
rock 

• Create ‘Rubble pits’ at a minimum density of 1 per 5 ha. These do not need to be 
associated with rock outcrops/stacks (Fig. 1) 

• Establish ROM rock volumes and suitability for lizard habitat, i.e. platey/shale 
forms, probably TZ4 geology (Rufaut et al 2020) as fresh rocks are unlikely to 
have crevices 

• Establish vegetation at ‘habitat nodes’ by planting tussocks, shrubs, taramea 
and vines within and adjacent to rock stacks (generally concentrated in areas 

 

 
14 Taramea may also host specific high-value invertebrates. These are subject to specific requirements. 
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with greater shelter and where runoff concentrates), and as groups of > 50 
tussocks with interplanted olearia away from the rock outcrops/stacks in more 
sheltered, higher-moisture areas (i.e. shallow bowls, changes from steep to 
gentle slope,  and swales where runoff concentrates) 

• Inoculate habitat nodes using salvaged live tussock and taramea and 
invertebrate-supporting materials (dead porcupine shrub, mulch, compost, 
wood chips and/or possibly wool. Low-value fleeces may contain plant seeds, so 
will need to be screened using germination trials and information on farm 
location, taking care to avoid farms containing thyme or stonecrop 

• Treat benches where highwall intersections with natural ground to enhance 
access to benches for lizards (and their use of shale/loose or frittering rock). 
Treatment will include placement of a rootzone of weathered brown rock and soil 
to create wedges at the points where benches intersect natural ground extending 
at least 20 m along each bench. These wedges will cover 75% of the width of the 
bench >300 mm depth and target a 4 m depth at the inside base of each bench. 
These wedges underpin natural establishment of a dense plant cover from 
propagules sourced from adjacent buffers (which are enriched) (Fig. 2) and 
invertebrate and lizard movement onto benches. Other methods to enhance 
vegetation establishment into these small areas may also be used, depending on 
accessibility and likely outcomes (e.g. hydro mulching, seed bombing) 

• Create lizard habitat on outer faces of long-term bunds and stream diversions by 
placing loose, clean rocks and translocated tussocks within a roughened 
(dimpled) surface. Such bunds will be treated to deliver outer slopes with at 
least10% cover of rocks >300 mm diameter and at least 20% cover of tussock, 
sedge or native shrubs within 3 years of establishment (area nominally including 
the base + 1 m to natural ground). When adjacent areas are rehabilitated at mine 
closure, parts of these bunds may be partly deconstructed and plants with their 
attached root zones gently moved to break up these otherwise linear features. 

C.1.3. Notes 

• Rock stacks and rubble pits will be placed on specific areas of the tailings, 
concentrating on the embankment and adjacent areas that are above the 10-year 
inundation zone. Both rock stacks and rubble pits will be generally placed on the 
higher ground and deeper root zones created by discontinuous bunds along 
swale edges. This allows trenches to be excavated without disrupting tailings as 
the root zone and capping layer is 1 to 1.5 m depth (the minim depth of capping 
layer is ≥0.5 m depth). No rock outcrops/stacks will be placed in the planned 
wetland areas or below the 1 in 10-year inundation zone. Tussocks will be 
preferentially clustered along swales where soils are expected to be moist for 
longer periods.  
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• No rock outcrops/stacks will be placed on high walls as the highwalls rocks will 
weather to form shale, large rocks could be a safety hazard and access is unsafe.  

• No rock outcrops will be placed along the Shepherd Creek Valley floor within 
areas impacted by the plant area given the short-term light, noise and vibration 
and medium-term disruption that may be associated with water treatment 
infrastructure.  
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C.1.4. Success criteria  

• Proof of concept: Rehabilitated rock stacks are occupied by skinks and geckos in 
trial areas over several years. These trial areas shall comprise at least 12 rock 
stacks completed within 2 years of mine development and be located in the 
Western-ELF and parts of Mine Regeneration Zones B1 or B2 that have low native 
plant and rock cover and are at least 100 m from natural tors/rock outcrops. 
Construction of these first rock stacks will identify the number, depth and width 
of interstitial gaps in constructed rock stacks and in an equivalent number of 
lizard-occupied tors, and the temperature in cracks ≥10 mm width and >200 mm 
depth in winter. Lizards will be released into new rock stacks no sooner than 1 
growing season following their construction despite this providing limited time 
for invertebrate establishment for stacks established in the Western-ELF. Rock 
pile use by lizards will be monitored to quantify which relocated lizards use 
which features of rehabilitated rock stacks in areas with no initial lizards (i.e. 
Western-ELF) and rates of natural colonisation in areas containing resident 
lizards (i.e. MRZ).   

• Rock volume. Adequate rock volume and type will be salvaged and stockpiled 
(and reported annually) or demonstrated to be capable of production from TZ4 or 
favourable geology as Run Of Mine rock. A minimum of 20% of rock 
outcrops/stacks will include salvaged weathered rocks.  

• Number of rock stacks. At least 1 per mine rehabilitation ha, on average15 and at 
least 500 in total. Each rock stack is made from at least 10, ≥0.5 m diameter 
rocks. 

• Crevice size. Rocks must be stacked close together in at least 2 layers to create 
5-20 mm interstitial gaps16. Target creating at least 20 discrete crevices of these 
dimensions (not a strict requirement), and clarify target based on proof-of-
concept fieldwork to determine what a realistic design abundance of lizard-
capable crevices is for the tor sizes proposed in this rehabilitation plan. Surface 
stripping and rehabilitation uses 40 to 50 T articulated trucks which carry 20 to 
25 m3 material, so probably one truckload would be used for each rock stack 
with adjacent individual scattered rocks. Because a truckload is generally >10 

 

 
15 No rock stacks or rubble pits will be placed in pits or areas modelled to flood at a frequency of more than 1 in 10 years (e.g. 

pit lakes, wetlands including TSF, ponds). 
16 Some literature suggests skinks & geckos also use 10 to 30 mm gaps, hence the value of monitoring to refine the values for 

these species at this site. 
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rocks, rough dumping would likely deliver some suitable crevices. However, 
trials are needed to optimise the equipment and methods used to achieve the 
design. 

• Spacing and location. Rock outcrops/stacks are clustered along higher areas of 
rehabilitated landforms but avoiding potential to breach the skyline or creating 
legible patterns seen beyond the site (condition per landscape architect input to 
general locations?). Each cluster should be within a 100 m radius and each 
cluster no further than 300 m apart (Fig 1 shows a rock stack plus individual 
rocks within 100m radius with 2 other stacks <300m away). 

• At least 20% of rock outcrops/stacks shall be centred on a pre-excavated trench 
that contains >2 m2 area at least 1 m deep to provide winter refuges 

• Individual rock. More than 100 pieces of individual rock per ha, excluding 
wetlands and highwalls or at least 5% rock cover measured within a year of 
construction (i.e. before plant growth) 

• Clean rock. Rock outcrops/stacks shall not contain soil more than 30 cm above 
the ground because soil fills crevices. This can be achieved by using a digger to 
lift and place the upper layers of rocks and making sure the ROM is clean; rock 
and soil stockpiles are kept separate  

• Rubble pits. Create at least 1 ‘rubble pit’ per 5 ha. These are shallow excavated 
pits (at least 0.5 m deep x >10 m x 4-6 m wide filled with clean rock 
approximately 20-40 mm diameter. Lennon et al. (2021) developed a model to 
optimise design of rock piles to enhance habitat for small skinks; 20–40 mm 
crushed greywacke piles formed interstitial spaces able to be entered by O. 
polychroma and O. aeneum but which excluded larger mice and larger 
mammalian predators. 

• Each pit should be placed across the contour to enhance interception of runoff. 
Soils/root zone excavated from the pit shall be only placed along the lower 
margin and in low mounds to create a rough surface (not a linear feature) 
creating shelter into which plants are established in low points.  

• Vegetation: each rock stack and rubble pit has ≥ 10 salvaged tussocks ≥10 cm 
basal diameter. This requires at least 5000 live salvaged tussocks (for 500 rock 
stacks in 500 ha of mine rehabilitation. In addition, four of the following 
interventions will be applied immediately adjacent to and within each rock stack 
and rubble pit: 

- ≥ 20 nursery-grown tussock species with ≥2 cm basal diameter (* in Table 1) 

- ≥ 5 lianes (Muehlenbeckia or native Rubus species) 

- ≥ 5 speargrass seedlings (Aciphylla aurea) 

- ≥ 10 nursery-grown shrub seedlings (** in Table 1)  
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Figure 3. Poor quality lizard habitats to avoid and/or to enhance with management interventions, Ardgour and Bendigo Stations, 2024. 

Left. Sparse tussock, sparse shrubs, no visible rock and evidence of stock compaction along trails. Centre: Shrubs (mainly matagouri) with no dense understorey near the ground, no tussock and no rock. Right: Temporary track and 

batter/windrow (also temporary) have smooth surfaces where rock is mixed with soil removing refuge gaps for lizards. No lizards were found in these areas, however some skinks and geckos were downslope where clean rocks rested on 
existing ground, either as single slabs or small jumbles. If the road was a permanent feature, tussocks would be transplanted to scallops on the batter, rocks added, and shrubs planted at the base of the batter where stress is lowest (receiving 

runoff). 
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Figure 4. High quality rock stacks and tussock habitat contrasting with lower-quality tussock habitat for lizards. 
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C.1.5. Risk reduction, Hold Points and Remedial works 

• ‘Stack certification’, training and sign-off will be developed by the environmental 
team. These will be refined following results of construction of the first twelve 
rock stacks and rubble pits, may need to be revisited when ROM rock is used and 
will need to be formally revisited following results of lizard use monitoring. 

• Use contracts and training that support delivery of high-quality rock stacks, e.g. 
hourly rates not volume rates 

• If an inadequate number or dimensions of crevices is present at construction, 
move and replace rocks, reduce fines by lifting rocks (using digger). It is likely a 
combination of rock selection, dumping method (e.g. a running spread vs end 
tip) and grapple head/machine configuration may be required 

• Amendments to plants and inoculation materials are straightforward at 
construction and during establishment period; methods are likely to be refined to 
increase survival of transplanted tussock and of nursery plants – these will 
include micro-site selection, and may include micro-site preparation (e.g. 
amendments to increase moisture supply) and plant preparation (hardening off, 
pre-plant soaking, slow-release fertilisation etc) 

• If criteria are not met at closure, add artificial habitats (ACO 3-tier or concrete 
shelters) could be used to deliver a minimum 100 lizard refuges/ha. These 
artificial habitats are small so support fewer lizards than the larger (and 
permanent) rock stacks and rubble pits should with the right gaps/crevices 
support many more lizards.  

 

C.1.6. Changes from other projects 

• Shorter, smaller, more natural rock stacks than the 20 m long, 3 m high overtly 
engineered stacks tested by Herbert et al (2025)  

• Excavating into the ground (advice from Mokomoko Sanctury and Banks 
Peninsular research to provide refuge against severe cold, maybe also fire) 

• Largely created using diggers, not hand placed given the number of interventions 
(contrasting with Orokanui Sanctury below).
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Right photo: Artificial habitat designed by Marie Lettink, Matt Charteris and Anthony Black, tested by Turner et al (2024) to provide habitat for (nocturnal) Waitaha gecko relocated from nearby rock outcrops. Each concrete habitat is 120 mm 
high, 320 mm long with 50 mm wide basking ledge in front of crevice 5-10 mm high and 250 mm deep. Habitats had 31-55% occupancy by geckos through year. Data indicated these refuges may provide adequate buffering against winter 

frosts (being above the 1 C required for lizard locomotion). There was little use of these artificial habitats by McCann’s skink and Tussock skink. From Turner et al 2024. 
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Figure 8. Left photo: TZ4 Schist near Macraes Project. Right photo shows preferred rock fractures for lizards. From Rufaut, Pillai, Craw, Mossman 2020. ‘Constructing and extending lizard habitat: not all rocks are equal. High quality refuges 

are associated with outcrops that contain partially oxidised, micaceous schist, with narrow horizontal partings along foliation. Partings may be complete to form 'pancake' slabs or partial to variable depths. 'Lizard quarters' are supported by 
quartzofeldspathic schist bases, less resistant to weathering, that elevate refuge sites to the top 1/3 of a commonly occurring 2m x 2m outcrop. 
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Rufaut C, Pillai D, Craw D, Mossman G. 2020 Constructing and extending lizard habitat, 
Mine rehabilitation, Department of Geology | University of Otago 

Turner MK, Kelly D, Lettink M. 2024. Concrete refuges and the influence of temperature 
on artificial refuge occupation by terrestrial izards. New Zealand Journal of Zoology 
43(2) Full article: Concrete refuges and the influence of temperature on artificial refuge 
occupation by terrestrial lizards. 

Turner MK. 2021. Improving the management of Canterbury’s lizards. Unpublished MSc 
thesis. University of Canterbury Improving the management of Canterbury’s lizards 

Norbury G. Reardon J, Mckinley B. (undated  @2007)  DoC Grand and Otago skink 
management plan Standard Format for Species Recovery Plan. 

‘In the mid-1990s rock-count surveys focused on the occurrence of grand skinks over 
approximately 300 rocks on Redbank Ridge (Whitaker 1996). Rock count surveys were 
also reviewed in 2004 and integrated with more accurate methods for assessing ‘rock 
occupancy’, based on standardised methodologies and analytical procedures. These 
account for relative detectability of skinks (MacKenzie & Bailey 2004, Roughton 2005). 
Rock patch occupancy is also recorded at all experimental populations.  
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Full article: Current challenges and future directions in lizard conservation in New 
Zealand identifies control of mice, and pest control that benefits native birds may 
change the predator guilds enough to have worse outcomes for lizards and suggests 
(lower cost) low fences might be useful 

The risks and rewards of using artificial habitat structures for wildlife conservation - 
Watchorn - 2023 - Austral Ecology - Wiley Online Library summarises requirements to 
show effectiveness including monitoring of the response of lizards (e.g., survival, 
fecundity, and population size) to the structures across relevant ecological spatial and 
temporal scales, and their effects compared with appropriate controls 
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Figure D-1: Cross-section of ELF Root Zone Showing Vegetation and Soil Layers 
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APPENDIX E. PLANT SPECIES MANAGEMENT IN MINE 
REHABILITATION (DDF AND MRZ) 

This appendix has seven parts:  

Part 1. Summary of the current overall ecological values for the mapped vegetation 
communities and their estimated values in 2045 after 35 years of management 
interventions in a) the Direct Development Footprint (DDF) and b) Mine Regeneration 
Zones (MRZ). Estimated values are primarily based on average cover metrics for each 
vegetation association from the vegetation survey plots across the wider project site 
(i.e. Bendigo and Ardgour stations) and to cover metrics for each of the MRZ and DDF. 

Part 2. A summary of revegetation methods used for each vegetation community, 
separating them into DDF and MRZ. This information complements Appendix 2 on 
Establishment of lizard habitat features (rock stacks, rubble pits and rock) that lists 
plant species and densities at which they will be established.  

Part 3. Plant species included in enrichment planting within MRZ. The species lists are 
restricted to native tree, shrubland and liane species and snow tussock, as short 
tussocks are not planned to be planted in MRZ. Short tussocks are expected to naturally 
spread and increase in cover in response to removal of stock and control of other 
mammalian browsers. If responses to browse reduction are less than expected, 
competition between non-native pasture/shrubs and tussock will be reduced to 
facilitate tussock spread.  

Part 4. Plant species to be established in and around lizard habitat features of rock 
stack and rubble pits across the DDF (extracted from Appendix 2). 

Part 5. Wetland plant species with elevated threat status that are proposed to be re-
established in (new) DDF rehabilitated wetlands 

Part 6. Cushionfield plant species that have elevated threat status and their provisional 
management. Specific management of cushionfields and annual spring herbs is refined 
in the Applied Research Plan for Cushionfields. 

Part 7.  All plant species with an elevated Threat Status, their presence within DDF, and 
anticipated response to management in the DDF and MRZ, if managed. 









































 

Bendigo-Ophir Gold Mine Project  < 100 > 

microsites; >5000 snow tussock at higher 

elevations, interplanted  

Native dominant scrubland  250 native woody plants/ha as nursery-

raised plants to favourable microsites 

  

All areas  

Access to be defined: Roads for heavy vehicles (e.g. fire-fighting), Farm vehicle tracks/ stock movement, Public biking/walking tracks; ATV and 

walking tracks to long term monitoring sites are essential for efficient monitoring and need to be installed early; Fire buffers to public tracks.  

Biosecurity includes specific provision at track entrances and along public tracks and roads. Pest plant and animal control is targeted by management 

unit. 
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E.3. Part 3. Species for enrichment planting in Mine Regeneration Zones 

Enrichment planting is valuable because Vegetation plots across the DDL show very few 
abundant or common native species in native dominant scrubland, mixed scrubland, 
and mixed tussock scrubland. Only Coprosma propinqua (miki) and Discaria toumatou 
(matagouri) were abundant or common in all these vegetation types with native 
dominant shrubland also containing Olearia odorata (scented tree daisy – a priority 
species for invertebrates). The high-elevation herbfield and shrubland, containing the 
mega-herb taramea had the greatest number of common or abundant native woody 
species, with matagouri joined by Pimelea oreophila lepta, Melicytus alpinus (porcupine 
shrub) and Styphelia nesophilia (dwarf mingimini).  

Enrichment planting targets woody species that are at very low densities (VLD) within 
or near to the Project Study Area. This means they may be functionally extinct and 
therefore are a target for enrichment planting to re-establish viable populations. It 
prioritises species that are propagated by nurseries, and that enrich habitat for lizards 
or invertebrates (i.e. extending and/or diversifying nectar, pollen or fruit resources). 
Although Olearia odorata is listed for lower elevation dryland shady faces, it will only be 
planted into the more open areas of pasture or tussockland and used to create shelter. 
The species lists are divided into environment types that occur across the landforms 
and are defined by aspect, altitude and drought stress. These include ‘Kowhai 
exclosures’ which are to be established to (re)establish habitat for native seed-
dispersing and pollinating birds through expanding relic kowhai across North West to 
Eastern slopes and low elevation streamsides. Over the DDF and MRZ at least 24 
kowhai exclosures will be created, each of which will be established with at least 30 
seedlings representing diverse genetics by using seedlings from Bendigo (grown from 
cuttings salvaged from the oldest tree in each cluster that is removed), Ardgour and the 
wider Clutha Basin. The low-elevation streamsides are where more diverse, taller 
vegetation are targeted, including small pockets of (tall) forest in the small areas of 
deep soils in sheltered, frost-drained gullies/valley areas. At least 0.5 ha of this tall 
forest will also be established in mined areas. 

Enrichment planting also includes planting vines as structural species that are both in 
low density in many areas and their early introduction can develop longer-term benefits 
for lizards, invertebrates and moderation of climate – and also protect shrub areas from 
potential future browse (after a minimum 20 years). Enrichment planting does not 
include ferns, as most are likely to establish from spores, spores are dispersed by wind 
over long distances, and remnant sources are within rock tors and other places 
inaccessible to browsers – hence removal of browsers, potentially combined with site 
amelioration and increase of woody cover is likely to enhance conditions for natural 
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establishment and expansion. Acrothamnus colensoi is not included as it is noted as 
difficult to propagate, and kanuka is not proposed to be planted (or controlled if it 
establishes, other than in fire buffers). Some Threatened At Risk species found in 
cushion-fields and rock stacks are established by natural expansion facilitated by 
removing browse pressure around parent plants combined with grass control (if 
needed), e.g Pimelea aridula, Carmichaelia crassicaulis and Carmichaelia monroi. 
Direct seeding of Carmichaelia petrei (and C. crassicaulis) will be trialled in exclosures 
but is unproven (nursery-grown seedlings will be established in these areas if seeding 
fails).  

Enrichment planting differs from inoculation planting in mined areas. Inoculation 
planting is based on rock stacks/rubble pits (where survival is expected to be highest as 
they are the most protected sites), and areas of short tussock. The short tussocks and 
hardy woody native species are expected to expand over decades. Most plants are able 
to supress low-biomass, non-native grasses that are initially established to supress 
erosion. Inoculation planting is therefore a much narrower range of species, which 
includes the woody species that are abundant or common in adjacent Mine 
Regeneration Zones. 
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Lists 2 and 3. Species to be added in low numbers to a combined total maximum of 5% of 

respective planting in suitable microsites above. 

The following species are recorded at very low densities in the project area so are 
planted in nodes to increase the abundance of seed sources. Sites are to be 
determined, however C. cheesemanii, C. dumosa and C. rugosa are noted as potential 
hydrophytes, so will be placed near seepages. At least 25 plants of each listed species 
to be planted every second year for 10 years, with establishment success and growth 
over 3 years recorded. 

• Carmachaelia monroi, dwarf broom, At risk-declining  

• Coprosma brunnea. ~1 m tall x 1-2 m, fleshy fruit for lizards. At risk-declining; 
heavily browsed. Easy to propagate from fresh seed. At risk-declining  

• Coprosma cheesemanii  ~0.5 to 1 m tall x 1-2 m, orange fleshy fruit for lizards. 
Easy to propagate from fresh seed. Not threatened 

• Gaultheria antipoda, snowberry bushy shrub 10-20 cm tall and 50 to 150 cm 
across. fleshy fruit for lizards. Not threatened 

• Gaultheria depressa novae-zealandiae, snowberry low growing shrub 0.5 m high 
fleshy fruit for lizards. Not threatened 

• Helichrysum simpsonii subsp. Simpsonii  

• Melicytus aff. crassifolius (thick-leafed mahoe) fleshy fruit. At risk-declining  

• Olearia cymbifolia. Shrub reaching 1 to 2 m. flowers important for invertebrates. 
At-Risk Regionally Naturally Uncommon. 

The following Veronicas (Hebes) shrubs were not recorded but could be in the wider 
area and provide floral resources for invertebrates so are also included for planting in 
clumps of 5 to 10 at very low overall densities as enrichment plantings in suitable 
microsites. At least 25 plants of each species will be planted in each of 5 successive 
years into suitable microsites on MRZ and rehabilitation sites: 

• Veronica buchananii   

• Veronica hectorii demissa 

• Veronica pimeleoides pimeleoides. 
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E.5. Part 5. Threatened wetland Plants to be established in DDF (mined areas)  

Five plant species identified as species of importance due to their threat status are also 
robust enough to re-establish (i.e. form plants tall and dense enough to be able to 
establish within the grasses used for initial erosion control) and have established 
methods for successful propagation and production of nursery plants that can be 
planted to re-establish populations in suitable parts of wetlands including the TSF.  

• Carex buchananii. Establish as nursery seedlings (more cost-effective than 
division of plants on site) to TSF swales and edges of wetlands  

• Carex diandra Establish into wetlands as nursery seedlings (has a wide moisture 
tolerance) 

• Carex kaloides Establish into wetlands as nursery seedlings and as divisions from 
salvaged plants placed in Ardour Terraces wetland 

• Juncus distegus Establish into wetlands as nursery seedlings but has very 
specific site conditions so may not persist. Aim is to develop seed source that is 
blown or moved by water to areas where it is naturally competitive. 

Rumex flexuosus will also be propagated and planted into mined areas. This is a native 
dock growing to ~25 cm height. The locations of dock will be identified. See will be 
collected, and if it can be found within the DDF, hand transplantation of rihzomes into 
Ardgour Terrace or Shepherd Stream wetlands will be attempted. 
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E.6. Part 6. Cushionfield plants and their propagation 

The vegetation survey included 23 plots within cushionfield. It records the threatened 
species, Raoulia australis, Raoulia beauverdii and Poa maniototo as abundant and 
Hypericum involutum as common.  Other abundant and common native species 
recorded in the survey were Cheilanthes sieberi (rock fern), the herbs Dichondra repens, 
Geranium brevicaule, and Oxalis exilis and the dense, low shrub Pimelea aridula (up to 
about 60 cm but 10-15 cm in exposed rock outcrops21). Raoulia australis was the most 
frequently occurring native species but was at a lower frequency than Anthoxanthum 
odoratum (sweet vernal), Trifolium arvense (hare’s foot trefoil) and Rosa rubiginosa 
(brier). Common smothering non-native herbs included Cirsium arvense (Californian 
thistle), Echium vulgare (viper’s bugloss) and Verbascums (mulleins).  

Most of the above native plants are vulnerable to competition from aggressive 
introduced plants (pasture species and herbs) and nearly all are wind-dispersed, 
exceptions being some spring annuals. Management in un-stripped areas of 
cushionfield therefore focuses on controlling competition to enhance health of native 
cushionfield plants and creating suitable sites for natural establishment in mined and 
unmined areas. In mined areas, management focuses on retaining as much 
cushionfield as possible through footprint minimisation (avoiding cushionfield) and 
creating very sharp edges with stripped /disturbed areas to minimise the distance from 
source zones to inoculation zones.  

The methods for cushionfield and spring annual herb rehabilitation will be developed 
through the Applied Research Plan. However, nursery propagation and cultivation notes 
indicate nearly all the native species listed below that are not spring annuals are 
considered easy to propagate based on information primarily from NZPCN website (and 
personal experience with Leptinella and Crassula cultivation and translocation at small 
scales). Pimelea aridula will be planted into mined areas as seedlings (it is easily grown 
from semi-hardwood cuttings) and its natural propagation enhanced in unstripped 
areas using exclusion netting around existing plants. This is because it is a major floral 
resource for invertebrates. Burrows (2010) notes Pimelea flowers are pollinated by 
insects (solitary bees, flies, moths and butterflies) and the dry seeds are likely to be 
dispersed by lizards as well as by wind. It is likely that three common herbs will be 
grown from seed as all can be easily identified and probably efficiently collected: 
Dichondra repens (wind-dispersed seeds, easily and widely propagated from seed and 

 

 

21 Full article: Genus Pimelea (Thymelaeaceae) in New Zealand 5. The taxonomic treatment of five 
endemic species with both adaxial and abaxial leaf hair   
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rooted pieces for ‘no mow’ turf), Geranium brevicaule (wind-dispersed seeds, easily 
grown from fresh seed, with green to purple leaf colour variation) and Oxalis exilis (easily 
grown from seed, considered weedy) In contrast, Colobanthis brevisepalus may be 
difficult to propagate. It is unlikely transplanting will be used at scale to inoculate mined 
areas with live plants as many species have deep root systems so are unlikely to survive 
shifting, however the potential for the technique will be assessed in trials at sites where 
root systems are likely to be shallowest. The unattached lichen may be also 
transplanted if it is present in places that are efficient to collect. It is also important to 
ensure identification to have confidence that the threatened species are being 
promoted rather than common species that look similar, e.g. most likely for Crassulas, 
Myosotis and Daucus.  
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E.7. Plants with a threat status within the DDF and rehabilitation management  

 

The following table lists Nationally and Regionally At Risk and Threatened plant species, their abundance within each vegetation community within the Direct 

Disturbance Footprint (based on surveys by RMA Ecology reported in Vegetation Values Assessment, August 2025, Table 4) and rehabilitation management, 

specifying the method of propagating nursery-raised species from seed (SD), cuttings (CT) or division (DV), and the species that will be salvaged /transplanted 

from the DDF footprint. Salvage of live Threatened or At Risk plants from the DDF is restricted to wetland plants and some shallow rooted grasses as most woody 

plants have deep root systems (1-3 m or more) that cannot be salvaged intact. The large MRZ is the source of most plant propagules and is managed to enhance 

the health and natural expansion of many threatened plant species. This provides flexibility for seed collection that is likely to maintain the local genetic variability 

of most plant species except for wetland species. The MRZ therefore acts an enhanced ‘nursery stock population’ of mature plants with their natural pollinators. 

The exception is the three spring annual herbs listed in the ARP as a large proportion of their populations in within the DDF. 

Regional Threat Status is coded as AR-D (At Risk – Declining), AR-NU (At Risk – Naturally Uncommon), RDD (Data Deficient), T-C (Threatened – Critical), T-E 

(Threatened – Endangered), T-V (Threatened – Vulnerable). NT (Not Threatened) is placed in national and regional columns.  

BLUE indicates wetland plants; GREY indicates widespread species recorded in 4 or more vegetation associations; ORANGE indicates the species is restricted to 

1 or 2 vegetation associations. GREEN indicates species that were not detected in the DDF. 

Abundance is assessed according to the ACFOR scale: A = Abundant; C = Common; F = Frequent; O = Occasional; R = Rare. 

Vegetation community codes: EXP – Exotic pasture or herbfield; MDH – Mixed depleted herbfield (cushionfield) and grassland; NDT – Native dominant 

tussockland; NDS – Native dominant scrubland; EDS – Exotic dominant scrubland; NHS – Native herbfield and shrubland; MSC – Mixed scrubland; MHW – Mixed 

herbaceous wetland; MTS – Mixed tussock shrubland and exotic grassland. 

NA indicates plants not found in the DDF or MRZ, ? indicates species subject to the Applied Research Plan for Cushionfields and spring annual herbs. 

The anticipated response for DDF (i.e. establishment into mined areas after mining) is 'present' or 'absent' as plant numbers at establishment are generally very 

low. The anticipated response for MRZ is based on the species being present in the surrounding MRZ and considers the management used including planting, 

weed control, pest browser control and grazing management (stock exclusion or managed grazing by sheep). Divisions will be restricted to plants salvaged from 

DDF, SD will generally be collected from the DDF and MRZ. Species with very low number of individuals in the DDF and MRZ will require a minimum proportion 

of plants collected from outside the DDF and MRZ to enhance genetic variation.  
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APPENDIX F. SUMMARY OF REHABILITATION OBJECTIVES AND 
OUTCOMES 

The following photographs help explain the proposed mine rehabilitation methods and 
anticipated outcomes for the Bendigo Ophir project22. Specific target vegetation types 
and (mine) rehabilitation features occur across multiple Landscape Management units, 
mine regeneration zones and sanctuaries. The vegetation types are based on those 
mapped by RMA Ecology. In summary, they are:  

Native Dominant Scrubland. Large areas will be rehabilitated. More diverse Olearia 
shrublands (fire resilient species) with enrichment nodal planting of palatable species 
that are currently sparse or absent (but would have been present in the past), will 
extend habitat, fruiting and flowering resources for native fauna, as well as increasing 
structural complexity (e.g. through increase in vines and structural diversity, including 
through emergent shrubs). Plants will be prioritised that could feasibility reach >0.5 m 
height (above rabbit and hare browse with margin for snow) within 20-30 years or form 
dense thickets.  

Cushionfield. Rehabilitation aims to expand this priority ecosystem in MRZ and re-
establish the ecosystem in the DDF. Techniques need to be developed through the 
Applied Research Plan. These techniques are likely to include methods to slow and 
reverse (natural) succession to tussock and shrubland in MRZ by a) removing brier in 
these areas b) removing some native woody seedlings and if needed, maintaining 
grazing by rabbits and/or sheep, c) increasing cushionfield species dominance in areas 
of non-native pasture by reducing the proportion of non-native species (grasses, taller 
herbs and legumes) and planting or seeding raoulia. The Applied Research Plan 
develops rehabilitation methods for mined areas alongside spring annual herb 
management. Cushionfield forms the core of low and mid-elevation fire buffer zones 
along with pit high walls.  

Kowhai Refugia. Twelve individuals or small clusters of kowhai are present, most are in 
the DDF although some are in the contingency zones. Rehabilitation will establish at 
least 24 clusters, each with at least 30 saplings (planting and seeding may be used) 
taller than 2 m at closure. Kowhai will be included in 0.5 ha of Gully Forest. Both kowhai 
clusters and gully forest will be mostly located in zones with low fire risk and buffered 
from fire. Additional kowhai will be established in the fenced riparian areas adjacent to 

 

 

22 Descriptions of each vegetation type and rationale are provided in vegetation succession doc (later 
version of ‘Vegetation success_bendig_&Rocky_Point4_5March2025.docx) 
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the Ardgour Terrace wetland and lower parts of SRK and RAS in-pit haul roads with deep 
root zones. Kowhai refugia will be protected from grazing for the duration of the consent 
(20-30 years post establishment), the gully forest protected in perpetuity. Kowhai are 
faster-growing than podocarps, are sparsely regenerating under current management, 
and ecologically valuable for lizards and native honey-eating birds which, if increased in 
numbers are important seed dispersal agents for some plant species. 

Native dominant tussockland. Tussock in MRZ will be managed to allow natural 
thickening and expansion, except where part of a buffer to mixed depleted herbfield or 
fire buffers. Large areas are expected to slowly transition to ‘native dominant scrubland 
with tussock’, by facilitating woody shrub expansion. This approach is expected to 
retain and enhance habitat for Southern grass skink (while increasing fruit and floral 
resources) where tussock persists as a major component of ground-cover, i.e.  both 
between and under most areas of open shrubland. Tussock is expected to slowly 
decrease in areas of dense shrubland.  Tussock will be planted in most mined areas in 
clusters that include salvaged plants and more generally as nursery-grown seedlings. 

Wetlands. About 2 ha of wetlands are present within the DDF (2025). Rehabilitation will 
include salvaging at least 0.5 ha of these wetlands in year 1 as direct transfer to 
establish the Ardgour Terrace constructed wetland. Another 0.5 ha in years 1 and 2 to 
establish the Lower Shepherd’s wetland using direct transfer and planting of individual 
plants into salvaged wetland soils. At the end of mine life at least 6 ha of wetlands and 
0.5 ha of open water will be established on the TSF using nursery plants, and at least 0.5 
ha of wetland established near to and downstream of the disestablished process plant 
area (again largely using planted nursery species).  

Taramea. Increasing the area of taramea is a priority due to its ecological importance 
for both threatened invertebrates and invertebrates that use its abundant floral 
resources, and due to its cultural values. The natural spread of taramea will be 
enhanced by reducing seedling browse by hares/rabbits and reducing damage from 
pigs. Planting of taramea will be largely restricted to mined areas targeting suitable rock 
stacks and rubble pits (a minimum 5 per stack targeting areas above 800 m), and 
attempting transplanting of taramea seedlings from stripped areas, e.g. haul road to 
SRX into undisturbed areas of contingency zone (expecting high mortality).  

Each of the above vegetation types, other than cushionfields or taramea may include  

• Embedded rock tors and rocks for lizards (primarily Kawerau gecko and southern 
grass skink) with tussock inoculation and node planting 

• Enriched buffers (generally within contingency areas) along final edges, e.g. 
Stream diversion channels 







 

Bendigo-Ophir Gold Mine Project  < 133 > 

 

 

 

 

KOWHAI SEED ISLANDS  

    

    

There are 12 patches of individual or small clusters of kowhai in the project area. The largest was in full flower in October 2024 (top row, left with 
person for scale and right showing multiple trunks). Where such trees are outside the stripped areas, they will be surrounded by a rabbit/stock 
exclosure fence into which genetically diverse kowhai seed and seedlings and nursery-plants of other highly palatable plant species will be 
established, creating ‘seed islands’ or ‘enrichment nodes’. Diverse kowhai genetics are needed to ensure resilient, fertile saplings. High protection 
from browse is needed as germinating seedlings are highly palatable – as shown by the very slow rate of natural increase under current 

management. 

Lower Left: this kowhai sapling was able to establish due to physical protection from browsers provided by a porcupine shrub and was on of 7 
smaller trees. Lower Centre: Another group of 7 kowhai of various ages on Ardgour station with the largest having a DBH of 33cm and others7 to 
13 cm. Lower right: all kowhai, and especially large kowhai trees like this would have been much more common before fires. Pollination between 
trees is now severely limited as nectar-feeding native birds are sparse – an aim of establishing kowhai groves is to increase abundance of these 
birds. The kowhai were being visited by high densities of bumblebees. This individual tree on Bendigo station outside disturbance footprint. 
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F.3. ROCKS AND BOULDERS, OUTCROPS 

     

Left. Clusters of boulders 2-3 m across and with many deep, horizontal and narrow cracks are valuable habitat for Kawarau gecko, are refugia for 
plants from browse, and locations of lower plant stress as the rocks concentrate rain runoff, help retain soil moisture in pockets and provide 
shelter. Sunny areas are important for lizard basking. Large boulders like this are likely to need breaking up to enable salvage but are vital to 
salvage. 

Right. Jumbled large and small rocks in small patches 1-3 m wide) also enriches habitat by slowing runoff and retaining soil moisture, providing 
lizard basking space/shelter and providing shelter for adjacent plants. 

 

Left: High-value outcrop with woody native shrubs. This rock would also need to be broken up to salvage. Note the depth of cracks at least 1 m 
below the surface, providing enhanced protection for lizards against very cold conditions. Woody plants will also be salvaged mixed with topsoils 
with the exception of porcupine shrub which provides long-lived woody habitat. Salvaged (dead) porcupine shrub will be wedged between rocks in 
rock stacks and rubble pits where they create microsites for nursery-plants and invertebrates. 

Right: Some outcrops in the mine regeneration zone are compacted sheep camps. In de-stocked Mine Regeneration Zones, some of these areas 
will be enhanced by hand scarification and decompaction followed by enrichment planting of nursery-raised seedlings and/or salvaged tussocks. A 
more diverse, dense native plant cover will enhance habitat for invertebrates and lizards and help provide long-term protection from browsers. 
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F.5. TUSSOCK  

 

   

Tussocks, like cushionfields, are an induced vegetation type from grey shrubland. Tussocks are likely to expand in all MRZ when cattle are 
removed, and may expand in MRZ B1 depending on response to sheep and rabbit browse. 

Top left. Heavily browsed short tussocks persisting in a natural swale or ‘crease’ and adjacent to a boulder on an exposed north-west slope – 
rehabilitation provides for adding boulders and concentrating planting in these sites where moisture stress is lower. The rehabilitated ELFs are not 
terraced; rolling topographies and scalloping to slow runoff are key actions. 

Top Centre: Unbrowsed short tussock with 0.5 m measuring tape. 

Top Right and Lower photos: Relatively dense tussock on valley floor and gentle slopes will be targeted for live salvage with their entire root 
zone (20-40 cm depth) and placement into storage areas or areas ready for rehabilitation. Tussock in areas identified for live salvage are not 
grazed for 12 months prior to removal to enable tussock to build carbohydrate stores, thereby increasing success. 
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F.6. TARAMEA, BRYOPHYTES, VINES  

    

Left The edges of areas of Taramea will also receive enrichment planting of ‘open-formed’ woody species (Olearia, Veronica and Coprosma) to 
support the diverse invertebrate fauna by extending the diversity of flowering and fruiting species; grazing in these are will stop, hare and rabbit 

numbers supressed to allow regeneration of taramea seedlings, and pig numbers also reduced to reduce damage to roots and high-value 
invertebrates that feed on taramea roots. 

Centre: Right: The Bendigo Historic Kanuka Reserve has thick mats of mosses on the wetter, lee and shaded sides and development of leaf litter 
layers – both features that are sparse in most grazed areas within the project area where moss cover is less than 2%. Moss has an important 
ecosystem engineering role, increasing moisture supply in summer and moderating soil temperatures. Although it may supress seedling 
germination, it probably assists seedlings that do establish, and it is also habitat for a range of endemic moths. Removal of grazing may allow 
moss cover to increase. 

Right: Increasing the cover of native vines in grey shrubland and on rock stacks is a key rehabilitation approach to enhance value of these 
ecosystems for lizards and invertebrates and provide longer-term resilience against browsers for palatable species by creating a barrier of thorns 
(this plant is Rubus, bush lawyer) and dense entwined leaves. 
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Figure 4: Landscape Management Units 




