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Suzanne Watt 

OceanaGold (NZ) Limited, Macraes Operation 

Golden Point Road 

RD3, Macraes Flat 9483, East Otago 

New Zealand 

 

 

MP4 CONSENT APPLICATION – S92 REQUESTS FOR ADDITIONAL INFORMATION FROM 

DCC AND WDC – HERPETOFAUNA & INVERTEBRATE RESPONSES 

Dear Suzanne,  

 

OceanaGold (NZ) Ltd has received a joint request for additional information (RFI) under section 92 of the 

Resource Management Act (RMA) 1991 from Dunedin City Council (DCC) and Waitaki District Council 

(WDC) (dated 24 July 2024)1 relating to a resource consent application for the Macraes Phase IV Project. 

The joint RFI includes questions posed by E3 Scientific on behalf of the Otago Regional Council (dated 24 

July 2024)2. 

 

This letter provides responses to questions 1 b), 3 a)–g); and 4 a). The questions from DDC and WDC are 

shown in blue italics and responses shown in regular black text below.  

 

1 b) Please update the assessment to include the Northern Gully WRS and Coronation pit lake spill 
channel. 

The MP4 Project application includes reference to the construction of a spillway to drain overflow from 

the eventual infilling of the Coronation Pit into a tributary of Camp Creek. The herpetological values and 

effects were not considered in the Herpetofauna Assessment nor the Lizard Management Plan (LMP) at 

the time of the application. Accordingly, a summary of the herpetofauna values and effects related to the 

Coronation Spillway footprint is provided here and will be reflected in revised versions of the 

Herpetofauna Assessment and LMP. 

The Coronation Spillway is situated on the northern Taieri Ridge in the south-eastern corner of the 

Coronation 6 Pit, and works will consist of a 1.27 ha excavation 370 m long cut to 33 m wide and down to 

660m RL into bedrock. A portion of the spillway footprint is covered by existing consents; however, an 

area of 0.24 ha of tussockland (0.21 ha) and riparian vegetation (0.03 ha) falls outside of the consented 

area. Detailed descriptions of the proposed affected vegetation communities are provided by Whirika 

 
1 DCC LUC-2024-126, 482 Longdale Road, Hyde – and WDC 201.2024.2373. Request for further information regarding Macraes 

Phase 4 resource consent applications. Dated 24 July 2024. 
2 Request for further information under section 92(1) of the Resource Management Act 1991 (the Act) – Consent Application 

Number RM24.184”, dated 24 July 2024. 

https://www.bioresearches.co.nz/
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(2024)3. Considering the presence of tussockland and riparian habitats, lizard communities (likely 

McCann’s, Tussock, and possibly herbfield skink, as well as korero gecko) are expected to occupy the 

unconsented spillway area. Skink population density information gathered during the April 2024 baseline 

monitoring programme (see the attached Lizard Management Plan: Macraes Phase 4 Project, report 

version 30 July 2024) was used to estimate the size of the skink population occupying the impact area. It 

is possible that approximately 290 (184–485)4 skinks may be affected by the spillway construction. The 

size of the korero gecko population in the impact area is likely to be markedly smaller than (probably 

<10%) the skink population due to less habitat (rock tor) availability, and therefore, up to approximately 

50 geckos may be expected to be affected.  

While the unconsented Coronation Spillway area increases the number of lizards potentially affected by 

the MP4 Project, the overall magnitude of effect and proposed mitigation strategies (e.g., salvage and 

relocation numbers) remain largely unchanged. This is due to the following: lizard population estimates 

across all MP4 Project Components have broad confidence limits that accommodate the relatively small 

increase in lizard numbers estimated from inside the Coronation Spillway footprint and expected gains 

from mammalian predator eradication and control in the MEEA and surrounding buffer will adequately 

offset the loss of any additional individuals affected by the spillway construction. Adjustments to the 

number of lizards salvaged and relocated as part of the MP4 Project will be made to ensure that effort is 

invested in salvaging lizards from the Coronation Spillway footprint.  

 

3 a) Please provide the additional documentation regarding the further lizard survey and adjusted 
population estimates. We expect this will cover the additional field survey methodology and detail 
of where the survey was undertaken. 

Please refer to sections “4.3 Lizard population size estimates” and “6 Lizard monitoring programme” in 

the revised Lizard Management Plan: Macraes Phase 4 Project, report version 30 July 20245 (Attachment 

1), for descriptions of the monitoring methods and refined population estimates. Figure 6.1 of the Lizard 

Management Plan (page 54) shows the locations of sites (pitfall traps) that were used to survey lizards 

over a consecutive nine-day period in April 2024. Also see the report produced by Proteus (2024), entitled 

Analysis of Macraes Flat Lizard Monitoring Data (Attachment 2), which describes the methods for 

estimating population size. 

 

3 b) Detail any additional work intended to be undertaken over the coming warmer months to further 
define lizard distribution and population size. 

A second round of lizard baseline monitoring is scheduled for the summer 2024/ 2025 period. This will 

involve a repeat of the nine-day survey across the six monitoring sites (Coronation 6 Pit, Back Road Waste 

Rock Stack, Golden Bar 2 Pit, Golden Bar Waste Rock Stack and extension area, Murphys Ecological 

Enhancement Area, and Murphys Buffer area). The data collected will be analysed in the same way as the 

 
3 Whirika (2024). Ecological values of planned Coronation spillway and mitigation of project effects. Technical note prepared for 

OceanaGold Limited. 11 p. 
4 Based on an average (lower & upper range) population size estimates, using data from N-mixture modelling and Capture-Mark-

Recapture analyses. 
5 Bioresearches (2024). Lizard Management Plan: Macraes Phase 4 Project. Technical report prepared for OceanaGold. 93 p. 
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April 2024 data (i.e., using N-mixture models and capture-mark-recapture analysis) to estimate relative 

lizard abundance, detection probabilities, and lizard population sizes. Comparisons against the April 2024 

data will allow further refinement of these estimates to better inform the effects management.  

 

3 c) Provide comment on how the Zone of Impact buffer was determined taking into account known 
research into the home range and movement of the lizard species present. 

The extent of the zone of impact buffer does not specifically consider home ranges of lizards but rather 

represents an area within which indirect mining effects (e.g., dust, rock fall, noise, vibration) may generally 

be expected to occur on a range of ecological aspects (e.g., plants, lizards, invertebrates, and birds). If one 

was to consider lizard home range size and movements for species identified in the MP4 footprint 

(McCann’s and tussock skinks), then an average home range of 20.6 m2 (range: 0.9–51.2 m2)6 would be 

apply (Patterson 19857). The 100 m buffer, therefore, represents a highly conservative area over which 

potential effects on local lizards (covering the home ranges of many individuals) may be realised.  

 

It is noted that a buffer zone width of 100 m has been applied at Macraes for previous terrestrial ecology 

effects assessments and has been accepted previously by Councils and their technical auditors. Where 

effect(s) is(are) expected to extend beyond 100 m then the full extent of the effect(s) is described in 

Section 6 of the IMP. Also refer to Section 4.2 Boundary of ecological impact of the project of the Impact 

Management Plan (Ahika Consulting, 20248) and see Whirika Consulting’s s92 response to question 2c for 

further details.  

 

3 d) Regarding assessment of impact (Table 4.7 lizard survey doc) please outline your assessment of 
both local and regional impact in addition to the national impact. 

The landscape scale assessment involved estimating both proportion of lizards and the extent of lizard 

habitat affected by the project compared to the lizard population size and lizard habitat extents on local 

(OGL Macraes landholdings), Ecological District (Macraes ED), and National (i.e., areas of New Zealand 

within the natural range of the species identified) scales. A regional-scale (i.e., Otago Region) assessment 

was not undertaken. Expert opinion, informed by published density estimates and more recently (April 

2024), population estimates generated from the baseline monitoring work referred to in our response to 

Q 3a), was used to assess the number and proportion of lizards potentially affected and the Land Cover 

Database version 5.0, Mainland, New Zealand (LCDB v5.0) was used for a coarse assessment of affected 

lizard habitat at each of the landscape scales.  

 

For clarity, the Magnitude of effect level as shown in Table 4.7 of the Herpetofauna survey report relates 

specifically to the magnitude at the local (OGL Macraes landholdings scale). Where local scale impacts 

 
6 Average adjusted values based on Patterson (1985) (i.e., 7 captures/ m2) and Christion & Waldschmidt (1984) (i.e., 16 captures/ 

m2). Patterson (1985) indicated that home range sizes of McCann’s and tussock skinks in his study probably lay between the 

adjusted area values for 7 and 16 captures, hence why the averaged value was used in the MP4 LMP. 
7 Patterson, G. B. (1985). The ecology and taxonomy of the common skink Leiolopisma nigriplantare maccanni in tussock grassland 

in Otago. Unpublished PhD thesis, University of Otago, Dunedin. 215 pp. 
8 Ahika Consulting (2024). Macraes Phase 4 Project: Ecology Impact Management Plan, March 2024. Report prepared for 

OceanaGold by Ahika Consulting Ltd (now known as Whirika Consulting Ltd). 
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were considered ‘low’ or ‘negligible’, then impacts across broader landscapes scales were typically 

considered to be lower, i.e., ‘negligible’. Importantly, local scale impacts were used to describe the overall 

level of effect on lizards and their habitat, as this was the most conservative approach to the impact 

assessment. 

 

Table 1 of this document provides an assessment of magnitude of effect on lizards (population size and 

proportion of total estimated population) and lizard habitat (hectares, ha) at different landscape scales, 

including local and regional (i.e., Otago Region) scales. 

 

3 e) Please provide more information on the procedure for encountering unexpected populations of 
threatened lizards. We assume the impact of the activity on these lizards to be higher than on 
common or “at risk” species, resulting in stricter consideration of the effects management 
hierarchy and more specific and intensive management and monitoring considerations. 

The inset box on p. 39 of the MP4 LMP, entitled “Response to the detection of rare or threatened lizard 

species” provides the basis for the approach to encountering ‘Threatened’ or ‘At Risk’ lizards other than 

those common lizards known to occur in the impact areas. Further to this, where such lizards are 

encountered, numbers will undoubtedly be low due to the paucity of high-quality habitat for ‘Threatened’ 

species (e.g., grand, Otago, and Otago green skinks) in the impact areas, failure to detect these species 

during the field surveys and recent (April 2024) baseline monitoring, and a general paucity of records of 

these species in the wider landscape over the past decade (refer to section “3.2.1 Desktop Assessment” 

of Herpetofauna Survey report for information on historical lizard survey efforts).  

 

Because the number of ‘Threatened’ species will be small, the magnitude of any realised effect is unlikely 

to be more than ‘moderate’ and any potential adverse effects on these lizards will be addressed through 

a mitigation approach. Specifically, salvage and relocation to a protected, mammalian predator free area 

with suitable habitats (i.e., MEEA).  

 

During the salvage operation, a shift in effort away from species with lower threat status to those with 

higher threat status will occur, to ensure all reasonable efforts are made to avoid impacts and recover 

each of the ‘Threatened’ individuals. ‘Threatened’ individuals would be relocated to the MEEA site where 

much higher quality habitat (e.g., complex rock tors, rocky screes, damp riparian gullies, etc) is present 

and where mammalian predation pressures will be removed (i.e., predator exclusion fence and on-going 

removal in response to threat incursion). The same conservation measures have been successfully applied 

historically for ‘Threatened’ lizards that may be encountered (i.e., relocation into fenced and pest free 

reserves which offers the best prospects for their survival) by the Department of Conservation and other 

conservation groups (Mokomoko dryland sanctuary). Thus, it is considered that the same approach can 

feasibly be applied as part of the MP4 Project.  

 

Monitoring and management of any ‘Threatened’ species will be more intensive than that proposed for 

other species. This will involve targeted monitoring at the release sites including tor observations for 

grand and Otago skinks and specifically placed ACO grids in damper areas where Otago green skinks would 

be released. Monitoring will focus on establishing post-release survival and site fidelity, and longer-term 
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monitoring over a 10-year period will measure establishment and expected population expansion in the 

MEEA. Should ‘Threatened’ species be encountered, the scale and specifications of the monitoring will be 

rapidly developed according to prevailing good practice9 and in consultation with the Department of 

Conservation. 

 

While the detection of ‘Threatened’ lizard species in the MP4 Project will raise the ‘species’ values of the 

impact areas, magnitude of effect is unlikely to be markedly changed because lizard numbers will be very 

low, and mitigation measures (e.g., salvage, relocation, and monitoring) will adequately reduce adverse 

effects.  

 

3 f) Further information is required regarding the release site at MEEA 

i. What is the current and expected carrying capacity of the various lizard species at the sites? 

Based on the recent population modelling data10, current skink densities within the MEEA area are on 

average around 350–880 individuals per hectare, or ~32,000–80,000 skinks (see section “4.3 Lizard 

population size estimates” of the LMP). Gecko densities are not known but are expected to be 

approximately 30–45% of that of the skinks (based on information from historical lizard salvages in similar 

habitats e.g., Deepdell North III). The current carrying capacity is also unknown and difficult to measure 

but considering that the environment is currently grazed by livestock, supports populations of feral pigs, 

deer, and goats, and is not subject to any mammalian predator control, it is expected that the site’s lizard 

carrying capacity is below its potential.  

 

The potential of the site to support greater lizard numbers is highlighted by the results of published 

research that have shown up to four-fold increases in lizard abundance in dryland tussock habitats where 

livestock exclusion and mammalian predator control are implemented (Reardon et al., 2012; Norbury et 

al., 2022). Furthermore, lizard densities in tussock/ dryland ecosystems of more than 2,000 lizards/ ha 

have been reported in the literature (Dixon 200511) suggesting that the MEEA site has much greater 

potential to support additional lizards. It is likely that more than 2,000 lizards/ ha could be realised as a 

result of the mammalian predator exclusion/ control and habitat enhancement proposed for the MEEA. 

That is, a potential increase of 100,000–150,000 additional lizards in the MEEA (i.e., approximately 1–3 

times the number of lizards affected by the MP4 mine extensions). 

 

 

 

 
9 Roughton, C.M., 2005. Assessment of methods to monitor Otago skink and grand skink populations, New Zealand. Science & 

Technical Publishing, Department of Conservation. 

Bogisch, M., 2014. Comparing the use of time-lapse photography and visual observations for post release monitoring of Otago 

Skinks. Otago University Wildlife Management Report (276). 

Roughton, C.M. and Seddon, P.J., 2006. Estimating site occupancy and detectability of an endangered New Zealand lizard, the 

Otago skink (Oligosoma otagense). Wildlife Research, 33(3), pp.193-198. 
10 Proteus (2024). Analysis of Macraes Flat Lizard Monitoring Data. Client Report for [Bioreserachers]. 30th July 2024. 
11 Dixon, K.M., 2005. Biodiversity along a gradient of modification: plant invertebrates and reptile diversity in mid-altitude tall 

tussock (Chionochloa rigida) grasslands, eastern Central Otago, New Zealand (Doctoral dissertation, University of Otago). 
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ii.  How are the various actions of fencing, predator control, rocky habitat creation, planting going 
to impact the carrying capacity? 

Native lizards, and their terrestrial invertebrate prey, are vulnerable to mammalian predators and are 

negatively affected by livestock grazing, which reduces vegetation cover (Didham et al. 2009; St Clair 2011; 

Ruscoe et al 201212). Previous studies have shown that management interventions (e.g., livestock 

exclusion, then mammalian pest eradication/ control) can result in positive lizard and invertebrate 

population responses (Reardon et al., 2012; Norbury et al., 2022; Rufaut & Gibbs 2003; Towns et al. 2006; 

Watts et al. 201113). For example, increases in abundance of lizards of up to four-fold have been 

demonstrated in areas subject to intensive mammalian predator control (e.g., excluding mouse control, 

Reardon et al., 2012; including mouse control, Norbury et al., 202211), up to 3-fold increases in wēta 

abundance occurred following rat control (Ruscoe et al. 201210), and leaflitter invertebrate abundance 

was shown to be markedly higher (10–100-fold) in areas where livestock had been excluded (Didham et 

al. 200910). In addition, habitat creation/ supplementation (e.g., addition of rock piles and native planting), 

coupled with mammalian predator management, is considered a viable strategy for restoring lizard 

communities (Herbert 202014). 

 

Population growth in response to management actions is proven by other New Zealand examples and this 

highlights the potential capacity of the landscape to support higher abundances of native fauna where 

management interventions are implemented. That is, landscapes not subject to management support 

populations below carrying capacity, and when management interventions are put in place, the capacity 

is increased, often dramatically. Accordingly, it is expected that the carrying capacity of MEEA and 

Murphys buffer areas (mitigation areas) will be markedly increased to align more closely with historical 

natural ecosystems following the proposed MP4 Project management interventions. For lizards, a 2–4-

fold increase in population size could be expected in the MEEA as a result of the proposed MP4 

management measures.  

 

 

 
12 Didham et al. (2009). The interactive effects of livestock exclusion and mammalian pest control on the restoration of 

invertebrate communities in small forest remnants. New Zealand Journal of Zoology, 36 (2): 135-163. 

St Clair, J.J.H. 2011. The impacts of invasive rodents on island invertebrates. Biological Conservation 144:68–81.  

Ruscoe et al. (2013). Effects of spatially extensive control of invasive rats on abundance of native invertebrates in mainland New 

Zealand forests. Conservation Biology, 27 (1): 74-82. 
13 Reardon et al. (2012). Predator control allows critically endangered lizards to recover on mainland New Zealand. New Zealand 

Journal of Ecology, pp.141-150. 

Norbury et al. (2022). Density-impact functions for invasive house mouse (Mus musculus) effects on indigenous lizards and 

invertebrates. Biological Invasions: 1-15. 

Rufaut, C. G., & G. W. Gibbs. 2003. Response of a tree weta population (Hemideina crassidens) after eradication of the polynesian 

rat from a New Zealand Island. Restoration Ecology 11:13–19. 

Towns, D., I. Atkinson, and C. Daugherty. 2006. Have the harmful effects of introduced rats on islands been exaggerated? 

Biological Invasions 8:863–891.  

Watts, C. H., D. P. Armstrong, J. Innes, and D. Thornburrow. 2011. Dramatic increases in weta (Orthoptera) following mammal 

eradication on Maungatautari – evidence from pitfalls and tracking tunnels. New Zealand Journal of Ecology 35:261–272 
14 Herbert, S. M. (2020). Is habitat enhancement a viable strategy for conserving New Zealand’s endemic lizards? Unpublished 

PhD thesis, Victoria University of Wellington. 274 p. 
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iii. How has the expected stress and loss of individuals been accounted for in these calculations? 

The lizard salvage and relocation programme only aims to capture a proportion of the total population 

affected by the project for reasons outlined in the LMP (see section “5.3 Salvage programme parameters 

and strategy”). These individuals will be relocated to the MEEA using accepted good practice methods 

that reduce stress (e.g., limiting the time between capture and release and releasing into areas with 

adequate cover, including created cover). The salvage and relocation methods described in the LMP 

typically accord with accepted good practice for lizard mitigation projects that occur across New Zealand, 

including those previously approved by DOC, iwi, and Regional/ District Councils.  

 

The loss of individuals not salvaged from impact areas has been accounted for in the lizard offset model 

whereby management interventions (mammal exclusion fencing, mammalian predator eradication and 

control, habitat enhancement) will facilitate the growth of lizard populations above the current levels in 

the MEEA. The growth in lizard numbers in the management areas are expected to outweigh the number 

of lizards lost in the footprint over the medium- to longer-term (~10 years). 

 

The loss of invertebrates and any stress will not be directly addressed, except for mitigation actions for 

proposed for the ‘Threatened’ moth Orocrambus sophistes. It is assumed that positive community-level 

and population responses in invertebrates will result from the management actions in the MEEA. Previous 

studies have demonstrated positive responses in wēta abundance following rat control (Ruscoe et al. 

201211) and overall, net positive benefits for all invertebrate groups are expected as a result of the MP4 

Project.  

 

3 g) What is the overall biodiversity gain for the lizard population and how has this been determined? 

The MP4 biodiversity offset aims to achieve a ‘No Net Loss’ (NNL) and preferably ‘Net Gain’ (NG) outcome 

for all ecological values, including lizard populations, affected by the project. The MP4 Project offset 

modelling was undertaken by Ahika (now Whirika) Consulting and is described in the Impact Management 

Plan (Ahika Consulting 2024). Considering actual data on relative lizard population abundance in the 

impact and proposed mitigation sites is now available (see section 4.3 Lizard population size estimates in 

the revised LMP, dated 30 July 2024), the offset models are being revised to determine the target required 

to result in NNL. The NNL target, plus a 5% buffer to this target, will deliver a NG result. In general, NG 

outcomes are expected to be realised as a result of the project considering up to four-fold increases in 

lizard abundance have been demonstrated at other sites where management actions identical to those 

proposed for the MP4 Project have been implemented (e.g., intensive mammalian predator control and 

fences) (Reardon et al. 2012; Norbury et al. 202211).  

 

4 a) The invertebrate assessment is clear that the survey effort was limited to short surveys in Autumn 
and Spring 2022. Given the presence of a nationally vulnerable species (Orocrambus sophistes) in 
the GBWRS and the recognition that it is likely other at risk species are present further detailed 
survey work is necessary to support the ecological impact assessment. Is further work scheduled 
to improve the robustness of the assessment? 

Additional moth surveys to better understand the distribution and abundance of Orocrambus sophistes 

in the GBWRS/ GB2 Pit footprints are planned prior to any works commencing at these sites. Considering 
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this species is an Autumn flier, moth surveys would only be undertaken in the months of March to May 

2025. For other invertebrates, no additional invertebrate survey work is currently proposed other than 

the opportunistic terrestrial invertebrates that are recorded during the baseline lizard monitoring work.  

 

Yours sincerely, 

 

 
Dylan van Winkel 

Technical Director - Terrestrial Ecology | Herpetology 

Level 4, 68 Beach Road, Auckland 1010 

T +64 9 379 9980  DDI +64 9 367 5288  M 027 341 3497   

E dylan.vanwinkel@bioresearches.co.nz 
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Table 1. Assessment of magnitude of effect on lizards (population size) and lizard habitat (hectares, ha) at different landscape scales. 

Project 
Component 

Attribute 

Value 

(lizard numbers and 
affected area) 

Local 

(OGL Landholdings) 

~13,000 ha 

Ecological District 

(Macraes ED) 

~113, 000 ha 

Regional 

(Otago Region) 

~3M ha 

National 

(lower South Island) 

~6M ha 

CO6 Pit 

Lizards ~945 
<5% of population 

Low 

<1% 

Low 

<0.5% 

Negligible 

<0.05% 

Negligible 

Lizard habitat 5.54 ha 
<1% of available habitat 

Low 

<0.5% 

Negligible 

<0.5% 

Negligible 

<0.5% 

Negligible 

CN BF 

Lizards ~10 
<1% of population 

Negligible 

<0.5% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

Lizard habitat 0.2 ha 
<0.05% of available habitat 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

NGWRS 

Lizards ~10,800* 
<1% of population 

Low 

<0.5% 

Negligible 

<0.5% 

Negligible 

<0.5% 

Negligible 

Lizard habitat 
17.6 ha 

(low quality) 

<0.5% of available habitat 

Low 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

GB2 Pit 

Lizards ~11,600 
<5% of population 

Moderate 

<1% 

Low 

<0.5% 

Negligible 

<0.05% 

Negligible 

Lizard habitat 
5 ha 

(high quality) 

<1% of available habitat 

Low 

<0.5% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

GB WRS Lizards ~24,500 
<5% of population 

Moderate 

<1% 

Low 

<0.5% 

Negligible 

<0.5% 

Negligible 
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Lizard habitat 
72 ha 

(48 ha of high quality) 

<1% of available habitat 

Moderate 

<0.5% 

Low 

<0.05% 

Negligible 

<0.05% 

Negligible 

IM 9 Pit 

Lizards ~256* 
<0.05% of population 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

Lizard habitat 
~0.46 ha 

(low value) 

<0.05% of available habitat 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

IM 10 Pit 

Lizards ~1,995* 
<5% of population 

Low 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

Lizard habitat 
3.9 ha 

(low quality) 

<0.05% of available habitat 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

Frasers 
BF/WRS 

Lizards 0 
N/A 

Negligible 

N/A 

Negligible 

N/A 

Negligible 

N/A 

Negligible 

Lizard habitat 0 ha 
N/A 

Negligible 

N/A 

Negligible 

N/A 

Negligible 

N/A 

Negligible 

GB RR 

Lizards ~460 
<1% of population 

Low 

<0.5% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

Lizard habitat 
1.47 ha 

(low quality) 

<0.5% of available habitat 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

GP BB 

Lizards ~307 
<1% of population 

Low 

<0.5% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

Lizard habitat 
0.6 ha 

(low quality) 

<0.05% of available habitat 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

<0.05% 

Negligible 

* Unlikely to be an accurate (reliable) estimate given the low-quality of the habitat.  
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Attachment 1.  Lizard Management Plan: Macraes Phase 4 Project (30 July 2024). 
 
Attachment 2.   Proteus (2024). Analysis of Macraes Flat Lizard Monitoring Data. Client Report for  

Bioreserachers [sic]. 30th July 2024. 
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1 EXECUTIVE SUMMARY 

• OceanaGold (New Zealand) Limited is proposing to extend the life of mine (“LOM”) at its 

Macraes Gold Project (“MGP”). The Macraes Phase 4 (“MP4”) Stage 3 Project is an extension 

to the existing consented projects and would extend the LOM to around year 2030. The MP4 

Project is comprised of ten Project Components (“PCs”), each of which represents an area of 

mine that would be subject to development, including the construction of new haul roads, 

realignment of existing roads, mining pit and waste rock disposal area expansions. 

• A herpetofauna survey between April and September 2022 confirmed the presence of at least 

three native lizard taxa (Oligosoma maccanni, Oligosoma chionochloescens, and Woodworthia 

“Otago/ Southland large”) in areas either directly and/ or indirectly impacted by the proposed 

MP4 activities. All three taxa are legally protected, and the latter two species are listed at ‘At 

Risk—Declining’ under the New Zealand threat classification system.  

• An assessment of herpetofauna values and effects1 identified that in the absence of mitigation 

measures, a level of effect ranging from Very low to High depending on the nature of the PC 

could be expected on native lizards. To avoid and/ or reduce the level of effect, the mitigation 

hierarchy (avoid, remedy, mitigate, offset, or compensate) was applied and measures to 

mitigate effects on native lizards and their habitat were outlined.  

• This Lizard Management Plan identifies and guides actions required to manage lizards (and 

their habitats2) during the MP4 Project activities. Its purpose is to ensure that impacts on 

native lizards are reduced as far as practicable to comply with environmental legislation. 

Activities outlined in the LMP will be implemented under a Wildlife Act 1953 Authority 

(“WAA”), issued by the Department of Conservation for the purpose of protecting native 

wildlife (e.g., lizards). 

• Measures proposed by OGL to address adverse effects on native lizards: 

o Avoidance of higher value lizard habitat through project redesign and refinement, 

avoidance of indirect effects of mining operations on the immediately surrounding 

landscape, and prioritisation of previously disturbed land for siting new project 

infrastructure to avoid unnecessary effects on undisturbed lizard habitat. 

o Remediate and rehabilitate waste rock stacks and re-create rocky habitats for lizards 

through deposition of larger aggregate and boulders.  

o Mitigate impacts by salvaging a target of 2,100 lizards from the impact areas and 

relocating them into a 91 ha area where mammalian predators have been controlled 

or excluded by a combination of predator control and a pest-proof fence (surrounded 

by a 1 km buffer mammalian predator control area). The predator control operation 

will be two-phased to account for project timelines and will involve an interim 

intensive predator control programme over approximately 20 ha of land (surrounded 

by approximately 140 ha of buffer control), followed by the construction of the fence 

 
1 Bioresearches (2024). Herpetofauna Assessment: Macraes MP4. Unpublished technical report  
prepared for OceanaGold Limited. 68 p. 
2 The loss of vegetation and lizard habitat is largely addressed by the MP4 Impact Management Plan (Ahikā Consulting, 2024a). 
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and eradication of predators within. Also, mitigate any potential indirect effects of the 

MP4 activities on surrounding lizard habitat through site controls and operating 

practices. 

o Offset and compensate for residual effects on native lizards and their habitat by 

applying an offset package (Ahikā Consulting, 2024a), that includes contingencies, 

adaptive management, and long-term lizard monitoring to ensure stated goals are 

achieved in specified timeframes. An initial no net loss target has been established, 

but this is to be refined/ confirmed following consultation with relevant stakeholders.  

• A key component of the LMP is the robust lizard monitoring programme that will provide 

information crucial for the evaluation of the impact and successes or otherwise of enacted 

management measures. The monitoring programme will include baseline monitoring, buffer 

area monitoring, and post-release lizard monitoring, commencing in April 2024 and will 

continue for at least 10 years. 

• A range of compensatory actions are provided for as contingency measures for unanticipated 

adverse effects on lizards resulting from the MP4 Project. 
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2 INTRODUCTION 

OceanaGold is proposing to extend the life of mine (“LOM”) at its Macraes Gold Project (“MGP”). The 

Macraes Phase 4 (“MP4”) Stage 3 Project (hereafter “MP4 Project”) is an extension of existing 

consented projects (e.g., Macraes Phase 3 [MP3]) and would extend the LOM to around year 2030. 

The primary development activities associated with the MP4 Project include open mining pit 

expansions (Coronation Pit Stage 6, Innes Mills Pit Stages 9–10, and Golden Bar Stage 2 Pit), waste rock 

disposal (in pit backfilling and extending the Golden Bar waste rock stack), rehandling waste rock from 

Northern Gully Waste Rock Stack, ore stockpiling, a minor road realignment of Golden Bar Road.  

 

The MP4 Project covers a total area of approximately 537 ha (i.e., Zone of Impact; “ZOI”), which 

includes a 296 ha impact footprint area (where mining activities will take place) and a 240 ha buffer 

zone (a 100 m buffer area surrounding the impact footprint where indirect effects of mining activities 

may be realised). The 537 ha project area is divided into ten3 Project Components (“PCs”), each of 

which represents an area of mine that would be subject to development. The PCs range in size and are 

distributed widely across the OGL landholdings (Figure 2.1). Existing resource consent (consented 

under Macraes Phase 3, “MP3”) is held by OGL for mining activities over most (307 ha or 57%) of the 

537 ha MP4 Project area. Stage 3 seeks to obtain resource consent for an extension of mining activities 

over the differential 229 ha of land, which includes 124 ha of land directly impacted by mining and 105 

ha in a surrounding buffer zone where indirect effects are anticipated (i.e., some of the areas within 

the ZOI are already consented and therefore, effects on those areas have already been considered and 

addressed elsewhere) (Table 2.1; Figure 2.1).  

 

The MP4 mining activities are expected to have potential adverse ecological effects on a range of 

biodiversity values within the ZOI (Ahikā Consulting, 2024a), including impacts on resident, protected 

native lizards (Bioresearches, 2024). Direct impacts on lizards are expected to occur over an area of 

approximately 90 ha of land that supports suitable lizard habitat. Accordingly, management measures 

for native lizards and their habitats are required to mitigate the adverse impacts resulting from the 

mine development (Bioresearches, 2024) and a Wildlife Act Authority (“WAA”) is required to authorise 

lizard mitigation activities (i.e., lizard salvage and relocation). This Lizard Management Plan (“LMP”) 

has been prepared to identify and guide actions required to ensure potential adverse effects on lizards 

resulting from the MP4 mine developments are appropriately managed and that any activity that 

potentially impacts native lizards complies with environmental legislation (notably the Wildlife Act 

19534).  

 

 

 

 

 

 
3 For the purposes of this document the Frasers Backfill and Frasers WRS are combined into a single Frasers BF/WRS project 
component as these features will have very similar effects (being earthworks associated with excavation or deposition of 
rock) with large areas of overlap. 
4 For MP4, mitigation measures required under the Resource Management Act (1991) to address impacts on vegetation and 
landscape features that provide significant habitat for indigenous biodiversity (including lizards) are outlined in the project 
wide MP4 Impact Management Plan (Ahikā Consulting, 2024a). 
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Areal extent measurements 

 

Areal extent measurements (in hectares, “ha”) of Project Component footprints and buffer zones 

were taken from shape files supplied by OceanaGold Limited and using high-definition aerial 

photographs (i.e., LINZ aerial basemaps and high-definition drone images) in the GIS programme, 

QGIS (v. 3.34.3). Similarly, the areal extents of various identified habitat types were mapped based 

on the most recently available (2020–2023) aerial imagery.  

 

While all measurements were regarded as accurate at the time of report delivery, it is 

acknowledged that variations in areal extents across this and other technical reports are expected 

due to mapping inconsistencies by authors. Any discrepancies will be minor and should be 

considered immaterial given the landscape scale of the MP4 Stage 3 project.  
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Table 2.1. Macraes Phase 4 Project Components (PCs) and their areal extents (in ha), total area inside the footprints 
and 100 m buffers of all PCs combined (non-overlapping), and the overall area of the Zone of Impact (ZOI) (i.e., all PCs 
combined excluding PC overlap). Note: that the extent of lizard habitat within each PC is markedly less than the total 
land area. 

 

Project Component name Acronym 
PC 

footprint 
area (ha) 

PC 
buffer 
area 
(ha) 

Unconsented PC 
footprint area 

(ha) 

Unconsented 
PC buffer area 

(ha) 

1 Coronation 6 Pit  CO6 Pit 25.0 27.1 5.5 7.1 

2 Coronation North Backfill  CN BF 37.6 30.5 0.05 2.1 

3 Northern Gully Waste Rock Stack NGWRS 21.2 05 21.2 0 

4 Golden Bar Stage 2 Pit  GB2 Pit 22.7 20.1 22.7 20.1 

5 Golden Bar Waste Rock Stack  GB WRS 48.0 32.8 48.0 32.8 

6 Innes Mills Stage 9 Pit  IM9 Pit 5.6 15.6 5.6 6.1 

7 Innes Mills Stage 10 Pit IM10 Pit 5.9 16.3 5.9 8.2 

8 Frasers Backfill/Waste Rock Stack 
Frasers 
BF/WRS 

91.1 47.1 0 0.4 

9 
Golden Bar Road realignment 
(indicative) 

GB RR 1.2 16.6 1.2 16.6 

10 Golden Point Backfill Buttress  GP BB 38.1 40.1 14.2 17.1 

 Total area inside footprints and 
buffers (non-overlapping) 

 296.4 240.2 124.3 105.3 

 
Total area inside ZOI  536.6 229.6 

 

 

  

 
5 It should be noted that the NGWRS footprint area is highly conservative. That is, the actual extent of the impact associated 
with the rehandling of waste rock will be smaller the PC outline. Therefore, the 100 m buffer has not been applied and instead, 
represents an estimate of the total area inclusive of a buffer zone. 
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3 CONTEXT OF THE LIZARD MANAGEMENT PLAN 

Herpetofauna (reptiles and amphibians) comprise a significant component of New Zealand’s terrestrial 

fauna. Mokomoko/ lizards (which includes skinks and geckos) are represented by 125 endemic taxa6 

(van Winkel et al., 2018; Hitchmough et al., 2021; Purdie, 2022). Of these, more than 85% are classified 

as ‘Threatened’ or ‘At Risk’ of extinction under the New Zealand Threat Classification System 

(Townsend et al. 2008; Hitchmough et al. 2021). All native lizards are legally protected under the 

Wildlife Act 1953 (“WA”) (and subsequent amendments) and significant habitats7 of indigenous fauna 

(including lizards) are protected under the Resource Management Act 1991 (“RMA”). For Otago, the 

Proposed Otago Regional Policy Statement (“PORPS”)8 gives effect to the RMA through a variety of 

objectives and policies aimed at protecting, maintaining, and enhancing biodiversity values9. Thus, 

statutory obligations require the management of native lizards where they or their habitats are 

threatened by land disturbance or development.  

 

A LMP is a site- or project-specific plan that is prepared to identify and guide actions required to 

manage lizards and their habitats when disturbance or modification to land is proposed. Lizard 

Management Plans aim to ensure that any activity that potentially impacts native lizards complies with 

environmental legislation. A LMP is typically implemented under a Wildlife Act 1953 Authority (“WAA”) 

that is issued by the Department of Conservation (“DOC”) for the purpose of protecting native wildlife 

(e.g. lizards).  

 

3.1 PURPOSE OF THIS LMP 

This Lizard Management Plan (LMP) has been developed to: 

• Clearly document and describe the objectives, strategy, and actions that OGL will take to 

manage and mitigate adverse effects on native lizards arising from WAA and resource consent 

considerations relating the MP4 Project.  

Objectives of the LMP include: 

• Detail the actions to be followed by OGL to avoid and minimise adverse effects of mining 

activities on lizard populations occurring in the MP4 Project areas;  

• Ensure as far as practicable, that the management of lizards during the pre-mining, operation, 

and post-mining phases of the mine complies with any conditions or statutory approvals 

imposed;  

 
6 The term “taxa” is used instead of “species” because many New Zealand lizards, including some present within the project 
area, have not been formally described to species level.  
7 The term ‘significant’ is not defined by the RMA but for the purpose of this assessment, “significant habitats” has been 
interpreted as habitat that provides all the necessary needs for persistence of lizard populations in an environment (i.e., food, 
shelter, areas for reproduction). It is weighted more heavily towards habitats for ‘Threatened’ or ‘At Risk’ species.  
8 The Proposed Otago Regional Policy Statement or PORPS is not yet operative. The hearings concluded in late 2023; however, 
it is not yet known when decisions will be issued. 
9 Under the PORPS, the following objectives and policies would apply to the Macraes Projects: Objectives ECO-01, ECO-02, 
and ECO-03 and Policies ECO-P1 (Kaitiakitaka), ECO-P2 (significant natural areas and taoka), ECO-P3 (protecting significant 
areas and taoka), ECO-P4 (provision for new activities), ECO-P6 (maintaining indigenous biodiversity), and ECO-P8 
(enhancement). As well as APP2 – Significance criteria for indigenous biodiversity, APP3 – Criteria for biodiversity offsetting, 
and APP4 – Criteria for biodiversity compensation. 
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• Identify the methodologies that will be used to salvage and relocate lizards from affected areas 

to suitably protected and enhanced sites; 

• Identify and implement measures to enhance populations of each lizard species in protected 

areas outside of the project impact areas (e.g., mitigation or offset sites) to achieve a no net 

loss (preferably net gain) outcome; 

• Outline habitat enhancement measures relevant to lizards to be carried out within the MP4 

mitigation site;  

• Identify monitoring that will be undertaken to assess progress against the objectives of the 

LMP and targets set in the MP4 Impact management plan (Ahikā Consulting, 2024a); and  

• Identification of compensatory actions to act as contingency measures for unanticipated 

adverse effects on lizards resulting from the MP4 Projects. 

 

3.2 MANA WHENUA AND STAKEHOLDER ENGAGEMENT 

OceanaGold Limited has (since May 2022) and continues its efforts to engage with mana whenua (Ngāi 

Tahu, via Aukaha) and relevant stakeholders (DOC, Otago Regional Council, and lease holders) 

regarding cultural perspectives, land-use, and ecological management proposals (e.g., salvage and 

relocation of mokomoko/ native lizards) related to the MP4 Project. Cultural, social, and ecological 

perspectives, including the management and care of taonga/ taoka species, have been considered and 

incorporated into the LMP. OceanaGold Limited recognise the importance of mana whenua 

engagement in all aspects of the management of mokomoko as part of the MP4 Project (e.g., LMP 

refinement, capture, relocation, and monitoring) and are actively pursuing engagement with mana 

whenua via Aukaha. 

 

At the time of writing this LMP no formal feedback on lizards has been received from any stakeholders. 

Engagement in respect of the MP4 Project has thus far not raised any significant concerns regarding 

the management of mokomoko. However, it is anticipated that further refinement to the methods/ 

management actions proposed will occur through ongoing engagement with DOC, Waikato District 

Council (“WDC”) and iwi and refinements.  

 

3.3 PLAN STRUCTURE 

This LMP addresses the management of effects related to the currently unconsented components of 

the MP4 Project for which mitigation, including salvage and relocation, and offsetting are required 

under both the RMA and the WA. The MP4 Project is comprised of several discrete project components 

across OceanaGold landholdings, and the effects management for all PCs are bundled together in one 

overarching Impact Management (‘mitigation’) Plan (Ahikā Consulting, 2024a). The LMP does not 

explicitly cover the management of effects on lizard habitats affected by MP4 (this is covered in the 

Impact Management Plan; Ahikā Consulting, 2024a), but the LMP does address habitat enhancement 

required to increase the probability of the survival and long-term persistence of salvaged and relocated 

lizards as part of the MP4 Project. To provide clarity around how this LMP and the WAA application sit 

within this structurally complex project, a flow chart has been developed (Figure 3.1). 
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Figure 3.1. Flow diagram demonstrating how the different elements of the MP4 Project are related. Note: Only Project Components (PCs) mentioned in this LMP 
are shown (i.e., Northern Gully Waste Rock Stack has not been assessed as part of this report). AEE=Assessment of Ecological Effects; LMP=Lizard Management 
Plan; WAA=Wildlife Act Authority. 
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3.3.1 Consistent and informed approach 

To ensure national consistency, this LMP generally adheres to the Department of Conservation 

guidance and key principles for lizard salvage and transfer in New Zealand (NZLizardTAG, 2019; Figure 

2.2) though, some elements of the LMP have been adapted based on the expert opinion of the Project 

herpetologist.  

 

 
 

Pertinent to the current LMP are the recommendations that emerged from the Deepdell North III 

Project lizard salvage (LizardExpertNZ, 2021; Appendix I). Several important lessons learnt, including 

but not limited to the risk of underestimating salvage numbers, ‘stopping rules’10, and appropriate 

salvage season, have been taken into consideration in developing this LMP. Additionally, the LMP 

recommendations have been considered alongside a draft lizard management strategy for Macraes 

mine to ensure a consistent approach and alignment with OGL’s overarching lizard management 

strategy.  

 

Since this LMP forms part of a wider ecological assessment and effects management package, the Plan 

has been informed or guided by, the following documents where relevant: 

1. The Macraes MP4 Herpetofauna Survey report (Bioresearches 2024); 

2. MP4 Project: Assessment of Effects on Vegetation & Avifauna. (Ahikā Consulting 2024b); 

3. MP4 Impact Management Plan (Ahikā Consulting 2024a); and 

4. Draft lizard management strategy: OceanaGold Operations, Macraes Flat (in development). 

 

 
10 A stopping rule is a mechanism for deciding whether to cease a process based on the present position and past events. In 
the context of this LMP, a stopping rule is a trigger (e.g., amount of effort, number of lizards) that once reached, leads to the 
cessation of a lizard salvage programme. 

Figure 2.2. The Department’s nine key principles for lizard salvage and transfer: 

1. Lizard species’ values and site significance must be assessed at both the impact (development) and 

receiving sites. 

2. Actual and potential development-related effects and their significance must be assessed. 

3. Alternatives to moving lizards must be considered. 

4. Threatened lizard species require more careful consideration than less-threatened species. 

5. Lizard salvage, transfer and release must use the best available methodology. 

6. Receiving sites and their carrying capacities must be suitable in the long term. 

7. Monitoring is required to evaluate the salvage operation. 

8. Reporting is required to communicate outcomes of salvage operations and facilitate process 

improvements. 

9. Contingency actions are required when lizard salvage and transfer activities fail. 
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3.4 RESPONSIBILITIES AND COMPETENCIES 

The roles and responsibilities for implementation of the LMP are set out as follows. OGL hold overall 

accountability and the environmental/ sustainability and project managers will be responsible for 

implementation and compliance with this part of the over-arching Impact Management Plan (Ahikā 

Consulting 2024a).  

 

The Project herpetologist (Appendix V) takes a technical lead and must be suitably qualified and 

experienced in lizard handling, including salvage and relocation operations, and hold a current WAA to 

capture, handle and relocate protected native lizards. The Project herpetologist will liaise with the 

other roles through OGL’s Project Manager. Supporting ecologists and/ or ecological sub-contractors 

that will contribute to the LMP protocols required before, during, and after mine development shall 

be suitably experienced in lizard surveys and handling and will act under the supervision of the lead 

Project herpetologist.  

 

  



 

12 
61130#BEE09_Macraes MP4_LMP_30072024.docx 

 

4 LIZARD EFFECTS ASSESSMENT OVERVIEW 

A comprehensive effects assessment for the MP4 Project is provided by Ahikā Consulting (2024a) and 

Bioresearches (2024). These documents should be read in conjunction with this LMP; however, the 

effects assessments are briefly summarised below for convenience.  

 

4.1 AREAS OF AFFECTED HABITAT 

4.1.1 MP4 Project 

The MP4 Project is comprised of ten PCs that are widely distributed across the OGL landholdings 

(Figure 2.1). Each PC represents an area of land that would be subject to the effects of mining 

development and all PCs combined form the ZOI. Detailed descriptions of the vegetation and lizard 

habitat values identified within each of the PCs is provided by Ahikā Consulting (2024a, b) and 

Bioresearches (2024), respectively.  

 

Ten broad habitat types were identified in the ZOI and of these, eight were considered to provide 

habitat value for lizards. These included rock tors/ tor complexes, shrubland, tussockland, riparian 

vegetation, exotic grassland (including rank and grazed pasture), ephemeral wetlands, exotic treeland 

(e.g., pine plantation, shelterbelts), and felled pine (Figure 4.1). Project components or parts of PCs 

that occur within existing pit disturbance limits (e.g., mine workings) were not considered to hold 

values for native lizards (e.g., Frasers BF/WRS). The areal extents of each habitat type within each of 

the PCs is presented in Table 4.1. 
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Figure 4.1. Selection of photographs showing some habitats considered suitable for lizards across the MP4 
Project area (A, Golden Bar WRS; B, Coronation Pit; C & D, Golden Bar WRS; and E, Golden Bar Road 
Realignment). 

 

 

B C 

E D 

A 
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Table 4.1. Areal extent (ha) of lizard habitat types directly impacted (i.e., within the footprint) in each Project Component (PC). Total values exclude PC/ habitat overlap. The number 
of tors is represented by a count. Green shaded squares indicate suitable lizard habitats. “Mine workings” and “Open water (ponds)” habitat categories do not provide suitable 
habitat for lizards. 

  
Project Component 

 

 Habitat type CO6 Pit CN BF NGWRS GB2 Pit GB WRS IM9 Pit IM10 Pit Frasers BF/WRS GB RR GP BB Total (Footprint) 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  D
e

cr
e
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g 
liz

ar
d

 h
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u
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y  
 

No. rock tors/ tor complexes 1 0 0 6 5 0 0 0 0 0 12 

Rock tors 0.002 0 0 0.01 0.03 0 0 0 0 0 0.04 

Shrubland 0 0 0 0 0.04 0 0 0 0 0 0.04 

Tussockland 2.9 0 0 4.9 23.5 0 0.2 0 0.06 0 31.6 

Riparian vegetation 0.02 0 0 0.03 0.3 0 0.1 0 0 0 0.42 

Exotic grasses/pasture 0 0.02 17.611 8.8 24.0 0.5 3.6 0 0.9 0.6 38.37 

Ephemeral wetlands 0.02 0 0 0 0 0 0 0 0 0 0.02 

Felled pine 2.6 0 0 0 0 0 0 0 0 0 2.60 

Exotic treeland (incl. pine) 0 0 0 0 0 0 0 0 0 0 0 

Mine workings 0 0.03 3.6 9.0 0 5.1 2 0 0.26 13.6 30.0 

Open water (ponds) 0 0 0 0.05 0.1 0 0 0 0 0 0.15 

Total (all suitable lizard habitat) 5.5 0.02 21.2 13.7 48.0 0.5 3.9 0 0.9 0.6 90.7 

Total  
(all habitat types) 

5.5 0.05 17.6 22.8 48.0 5.6 5.9 0 1.2 14.2 124.4 

 
11 The NGWRS habitat types are referred to as “Rehabilitated mine workings” in Ahikā Consulting (2024a). 
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4.2 AFFECTED LIZARD SPECIES AND POPULATIONS 

The Otago Region supports a high diversity and abundance of lizards due in part to the presence of 

rock outcrops and the nature of schist rock, which tends to form horizontal crevices and large flat 

pancake-like stacks of rock slabs that provide habitat and refuge for lizards. The region is known to 

support 30 native lizard taxa and two introduced frogs (DOC Herpetofauna database; accessed 

November 2022). The Macraes Ecological District (“Macraes ED”), which covers an area of 1.14 M ha, 

supports a much lower herpetofauna diversity; represented by seven (or eight12) lizard taxa (Table 4.2). 

Macraes ED is the strong hold for populations of ‘Nationally Endangered’ grand skink (Oligosoma 

grande) and Otago skink (O. otagense).  

 

4.2.1 MP4 lizards 

The diversity of lizards known from the MP4 Project ZOI includes three species, kōrero gecko 

(Woodworthia “Otago/Southland large”, ‘At Risk—Declining’), tussock skink (Oligosoma 

chionochloescens, ‘At Risk—Declining’), and McCann’s skink (O. maccanni, ‘Not Threatened’). Not all 

taxa were recorded in each of the PCs. Where detected, the relative abundance of McCann’s skink and 

kōrero gecko in rocky outcrop/ tor, shrubland, rough pasture, and tussockland was relatively high, and 

tussock skinks were found at moderate abundance in an isolated pocket of grassy habitat and damper 

ground at Golden Bar WRS. Indeed, Golden Bar WRS supported a much higher abundance of lizards 

relative to other PCs (Bioresearches, 2024).  

 

The potential presence of other lizard species such as grand skink, Otago skink, Otago green skink, and 

herbfield skink in the PCs cannot be dismissed based solely on the results of the herpetological surveys 

(Bioresearches, 2024). Recent (2014) records of Otago skinks in the upper Murphys catchment on OGL 

landholdings (EcoGecko, 2015) and very recent records of Otago green skinks (January 2023) and grand 

skinks (December 2023) from the landscape immediately surrounding the MP4 Project area suggest 

that remnant populations of these large and rare lizards may persist in the parts of the MP4 Project 

area. Similarly, the existence of herbfield skink in the wider surrounding landscape suggests the 

possibility of this taxon being present in one or more PCs. The rocky outcrops and schist tors in the 

buffer zone of the Golden Bar WRS appear to offer highly suitable habitat for the large saxicolous13 

grand and Otago skinks and the damper riparian and seep/ wetland habitats at Coronation 6 Pit and 

Golden Bar WRS could harbour residual populations of herbfield skink, or even the rarer Otago green 

skink.  

 

 

 

 

 

 

 
12 There is one ‘suspect’ record of a Naultinus sp. gecko (likely N. gemmeus) from the southern extent of the Macraes ED. This 
record has largely been ignored for purpose of this assessment because of the high unlikelihood that Naultinus gecko 
populations currently exist in the ED (Jewell & McQueen, 2007).  
13 Living on or among rocks. 
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Table 4.2. Herpetofauna of the Macraes Ecological District, corresponding NZ threat status (Hitchmough et al., 
2021) and occurrence within 20 km of the MP4 Project area. 20 km distance arbitrarily chosen to reflect ‘local’ 
lizard populations. 

 

Common name Scientific name 
NZ threat 

status* 

Date of 

most recent 

record 

Recorded 

in Macraes 

ED 

Reported 

within 20 

km 

N
at

iv
e

 

Otago skink Oligosoma otagense 
Nationally 

Endangered 
2016 ✓ ✓ 

Grand skink Oligosoma grande 
Nationally 

Endangered 
2023A ✓ ✓ 

Korero gecko 
Woodworthia “Otago/ Southland 

large” 
At Risk – Declining 2023 ✓ ✓ 

Jewelled gecko Naultinus gemmeus At Risk – Declining 2019B ?A ✓ 

Tussock skink Oligosoma chionochloescens At Risk – Declining 2024 ✓ ✓ 

Herbfield skink Oligosoma murihiku At Risk – Declining 2019 ✓ ✓ 

Otago green skink 
Oligosoma aff. chloronoton 

“eastern Otago” 
At Risk – Declining 2023C ✓ ✓ 

McCann’s skink Oligosoma maccanni Not Threatened 2024 ✓ ✓ 

Ex
o

ti
c 

Whistling tree frog Litoria ewingii 
Introduced & 

Naturalised 
2023 ✓ ✓ 

A In December 2023, two grand skinks (a juvenile and an adult) were observed on rock tors in the proposed Redbank Ecological Covenant on 

OceanaGold landholdings, approximately 6.5 km west of GB WRS and 4.5 km southwest of IM9 Pit (L. Sherwood, Ahikā Consulting; pers. obs., 

01/12/2023). 
B Single record from Waianakarua Scenic Reserve, located north of Shag River and approximately 17.5 km northeast of MP4 Project area. 
C In January 2023, a tracking tunnel print believed to be from an Otago green skink was recorded in the base of a valley in Deepdell Station 

Ecology Covenant, approximately 5.6 km due west of the Coronation 6 Pit PC (M. Tocher, unpub. data). This record was later verified by the 

observation of a live Otago green skink close to the location of the tracking tunnel that recorded the print (M. Tocher, pers. comm. 

31/01/2024).  

 

4.3 LIZARD POPULATION SIZE ESTIMATES 

Understanding the size of populations occurring in the impact areas is fundamental to accurately 

assessing potential effects of the proposed mining development. However, determining the size of a 

lizard population size is inherently difficult due to imperfect detection caused by ecological and 

behavioural traits such as their small size, cryptic (secretive) nature of many taxa (e.g., herbfield skink, 

Otago green skink), the complexity of the habitats in which they live (e.g., some habitats such as rock 

tors cannot be searched/ surveyed effectively), and the large size of the impact areas.  

 

For this LMP, attempts were made to estimate lizard density and lizard population size in select PCs 

and across MP4 impact area as a whole. Three methods were used, including 1) literature informed 

lizard density (skinks/ ha) extrapolations, 2) N-mixture modelling, and 3) Capture-Mark-Recapture 

analyses. Each method is briefly explained below.  
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4.3.1 Density extrapolation (literature informed) 

To estimate lizard population sizes, we synthesised data from multiple sources, including on-site survey 

results and both grey and peer-reviewed scientific literature.  

 

Specifically, information was gathered from the following sources: 

1. Systematic searches across areas of OceanaGold landholdings (including the MP3 Back Road 

Waste Rock Stack [“BRWRS”], unnamed tributaries of Deepdell Creek, and the MP4 impact 

areas) by a herpetologist (D. van Winkel) in September 2022 and February 2023 

(Bioresearches, 2024); 

2. Walkthrough and targeted Gee’s Minnow trapping surveys of BRWRS and unnamed tributaries 

of Deepdell Creek by a herpetologist (M. Tocher, Lizard Expert NZ) over March to April 2022;  

3. Historical lizards survey and monitoring results from previous projects/ stages of the Macraes 

mining operation (Ecogecko, 2013a; 2013b; 2015; LizardExpertNZ, 2021);  

4. Historical lizard salvage results from previously projects/ stages of the Macraes mining 

operation (Ecogecko, 2013b; LizardExpertNZ, 2021); and  

5. Published literature on estimated population densities of lizards in similar habitat types in the 

Otago Region (Patterson, 1984; 1985; Dixon, 2004; Clark, 2006; Jones, 2013). 

 

We retrieved estimated lizard density values for populations inhabiting similar habitat types in the 

Otago Region. The density values were then scrutinised by the Project herpetologist and professional 

judgment used to make predictions of expected population size ranges for each taxon within the MP4 

impact area (“informed density range estimates”) (Table 4.3). The Project herpetologist’s field 

observations of habitat extent, quality, and relative lizard abundance across the impact areas, and 

professional experience implementing numerous lizard salvages nationally weighed heavily in 

considering the expected population size ranges for each species. Furthermore, previous Macraes 

mine lizard salvage numbers and densities provided by Ecogecko (2013b) and LizardExpertNZ (2021) 

provided ‘real-life’ data that assisted in refining the estimates. 

 

The informed density estimates were then extrapolated to the PC and overall MP4 impact areas to 

approximate the likely lizard population sizes. 

 

It is acknowledged that this method of population estimation is prone to subjectivity, uncertainty, and 

error, not in the least because lizards are not uniformly distributed across the landscape and 

extrapolation can result in misleading estimates. Furthermore, the absence of methods to accurately 

quantify population size for some lizard species (e.g., kōrero gecko) means that estimates of lizard 

population size using this method will underrepresentation true values. 
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Table 4.3. Lizard density estimates (# lizards/ hectare; indexed and modelled; refer to relevant ‘Reference’ for methods) for Otago species reported in the literature. 
Information on sampled sites and habitats is also provided for context. Note: population estimates generated from the baseline monitoring programme will refine or 
potentially replace the literature-based density estimates presented in the table. 

 Densities (lizards/ ha) reported in the literature & reference  

Reference 
Patterson 

(1984) 

Patterson 

(1985) 

Dixon 

(2004) 

Clark 

(2006) 

Jones 

(2013) 

Ecogecko 

(2013a) 

Ecogecko 

(2013b) 

Ecogecko 

(2013b) 

Ecogecko 

(2015) 

LizardExpertNZ 

(2021) 

Informed density 

range estimateA 

(lizards/ ha) 

Habitat & site 

information 

(Tussock; 

Rock & Pillar 

Range) 

(Tussock; 

Rock & Pillar 

Range) 

(Tall tussock; 

Macraes) 

(Ridges & 

gullies; 

Alistair's 

Gully 

control site, 

~29 ha) 

(Tall tussock, 

Macraes) 

(Deepdell 

QEII 

covenant, 

110 ha) 

(Tussock, 

rank grass, 

rock tors; 

FNWRS 

salvage, 5.24 

ha) 

(Tussock, 

rank grass, 

rock tors; 

FSWRS 

salvage, 4.91 

ha) 

(Rock outcrops, 

gullies; Green 

skink survey, 

Murphys, ~35 

ha) 

(Tussock, rank grass, rock 

tors; MPIII Deepdell North III 

salvage, 109 ha) 

For MP4 Project 

areas 

Species            

Tussock skink - 

769B 572–2250C 2–35B 

683–777 1–8 3 13 
 

5 10–50 

McCann’s skink 423 ~300 - 11 0 
 

14 10–300 

Kōrero gecko - - - - - 3–9 0.2 7 
 

14 5–50 

Herbfield skink No available density data 0–0.1 

Otago green 

skink 
No available density data 0–0.06 

Grand skink No available density data 0–0.06 

Otago skink         0.06  0–0.06 

A Estimated density range informed by literature and by field experience/ expert opinion of the author (Project herpetologist).  

B Figure includes tussock, McCann’s, and cryptic (herbfield) skink combined. 
C Figures include tussock and McCann’s skink combined. 
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4.3.2 Modelled population estimates 

Statistical methods (N-mixture modelling and Capture-Mark-Recapture) were used to estimate the size 

of lizard (skink) populations occurring within the MP4 impact area. This was achieved through a 

landscape scale lizard trapping and release programme involving repeated count and capture-mark-

recapture data collection that was implemented in April 2024.  

 

To provide confidence in data collection approach and analytical methods, the study design was 

reviewed and validated by an experienced biometrician from Proteus, an ecological statistical 

consulting company based in Mosgiel, New Zealand. 

 

A stratified random sampling regime was used to select locations for pitfall trap arrays that were 

installed across representative areas14 in the landscape. Sampling sites were selected by overlaying 20 

m x 20 m grid squares on aerial maps and randomly selecting 30–40 grid squares in each representative 

area of the landscape (Figure 4.2; Table 4.4). A 20 m x 20 m grid was chosen as this encompassed the 

expected home range of target lizard species (i.e., estimate home range size of 20 m2 for McCann’s 

and tussock skinks; Patterson 1985); therefore, ensuring each sampling site was spatially independent. 

At each sampling site, a pitfall trap (covered by an Onduline ACO) was installed. The pitfall traps were 

activated (cleared of vegetation and fruit bait added) and inspected over nine consecutive days 

between 15th and 23rd April 2024. Lizard capture (and recapture) data were collected over this period. 

These data were modelled by a qualified biostatistician (see MacKenzie & Bratt 2024; Appendix VI) to 

generate estimates of skink15 relative abundance and detection probabilities. These data were 

subsequently converted to skink density estimates, with confidence limits, and were used to estimate 

the overall population size of skinks occupying each of PCs and the overall MP4 impact area. 

 

4.3.2.1 N-mixture modelling (Repeated counts) 

N-mixture models (Royle 2004) are a type of statistical model used primarily in ecology to estimate the 

abundance of a species in each area while accounting for imperfect detection. These provide estimates 

of how many individuals of a species are present, even though not all individuals may be detected 

during a survey. The model uses repeated count data (i.e., number of skinks captured each night) from 

each trap location to estimate the expected number of skinks in the vicinity of each trap (i.e., ‘per trap’ 

metric) (MacKenzie & Bratt 2024). This estimate does not necessarily equate to an estimate of the 

unique number of individuals in the vicinity of a trap during the entire trapping session, but rather a 

measure of relative (c.f. actual) abundance. It also estimates a detection probability, which is the 

probability of detecting an individual during a survey. Detection probability is informed by the 

variability in the nightly counts at each trap, relative to the maximum count over all nights at the trap 

(noting that the total number of individuals may be greater than the maximum counted) (MacKenzie 

& Bratt 2024). 

 

 
14 Representative PCs (e.g., CO6 Pit, GB2 Pit, GB WRS, BRWRS, and Murphys EEA) were used in sampling regime as it was not 
feasible to operate pitfall traps across all 10 PCs in the nine-day sampling period.  
15 Kōrero geckos were excluded from the analysis due to very low captures.  
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1. Introduction
Lizard monitoring was conducted in six project components (referred to as populationshereafter) at Macraes Flat, Otago, near the current OceanaGold mine site. Overall, 224pitfall traps were used, with each trap inspected daily over a period of nine days (i.e.,nine inspections of each trap). Trap locations were randomly selected within eachpopulation by overlaying a 20m x 20m grid squares and squares to deploy a trapwithin were selected using a random number generator. A 20m x 20m area waschosen as this was expected to be a typical McCann’s/Tussock skink home range. Pitfalltraps were therefore expected to be spatially independent. Forty pitfall traps wereintended to be deployed in each population, although the final number varied due totraps being lost or damaged.
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2.Methods
2.1 Data preparation
Capture and environmental data were supplied as two separate files, and merging ofthe datasets was required for the analyses. The potential influence of environmentalfactors on skink detection and capture probabilities were of interest, and requiredtemporal alignment of the data values. If environmental conditions did influence thelikelihood of skinks being caught in pitfall traps, the relevant conditions would be thosethat preceded the capture event. A time of capture was not supplied, therefore forcaptures recorded on day x, the associated value for each environmental variable wasthe mean of the hourly-values for the 24-hour period from 1200 on day x−1 to 1200on day x.
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METHODS | Data analysis
2.2 Data analysis
The skink capture data was analysed using two approaches,

1. N-mixture models, and2. closed-population mark-recapture.
Both methods account for imperfect detection of skinks in pitfall traps, although infundamentally different ways. N-mixture models (Royle, 2004) use the repeatedcount data (i.e., number of skinks captured each night) from each trap location toestimated the expected number of skinks in the vicinity of each trap. Detectionprobability is informed by the variability in the nightly counts at each trap, relative tothe maximum count over all nights at the trap (noting that the total number ofindividuals may be greater than the maximum counted). Mark-recapture methodsutilise the information in the frequency of capture of individuals to estimate theprobability of capture, and hence the number of individuals that were in the populationbut never captured during the trapping session. An important distinction is the thatmark-recapture methods require that individuals are identifiable (once marked) duringthe trapping session, while N-mixture models do not require individual identifiability.Further details on each analysis approach are provided below.

2.2.1 N-mixture modelling
The N-mixture model assumes that the number of individuals in the vicinity of a trap isa random value from a Poisson distribution, where the expected abundance is denotedas λ . The physical area in the vicinity of a trap is unknown and depends on themovement of individuals. Furthermore, when trapping is conducted across multipledays, λ is the expected abundance per trapping occasion. Whether these are regardedas the same or different individuals on each trapping occasion (i.e., each day) alsodepends on the movement of individuals. Thus, an estimate of λ does not necessarilyequate to an estimate of the unique number of individuals in the vicinity of a trapduring the entire trapping session, only the number per occasion. An assumption of noanimal movement is required to interpret the estimate in the former sense. This isunlikely to hold for skinks; therefore, it is recommended to interpret λ as a measure ofrelative abundance rather than actual abundance.
The detection parameter (r) is the probability that an individual in the vicinity of a trap
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METHODS | Data analysis
on a given trapping occasion will be captured into the pitfall trap. Therefore, it isexpected that the number of individuals in the vicinity of a trap will be greater than thenumber actually trapped. Information to estimate this parameter comes from therepeated count data. For example, if the repeated counts of 0, 3, and 1 are observed onthree trapping occasions, assuming there are at least three individuals available to becaptured on each occasion (an assumption of the model), at least three individuals arenot captured on occasion one, and at least two individuals are not captured onoccasion three. Furthermore, there may be more than three individuals in the vicinityof the trap, where the actual number is assumed to be a random value from thePoisson distribution (as above).
Expected skink abundance at a trap (λ ) was modelled as a function of populationcomponent (PComp) and habitat type (Habitat), where the habitat types Felled Pine,
Riparian, and Rock were combined into an Other category due to the low number oftraps located in those habitat types. Specifically the following combination of thesecovariates were considered for λ :

• none (∼ 1)• population (∼ PComp)• habitat type (∼ Habitat)• population and habitat type (∼ PComp + Habitat)
The second parameter type estimated in N-mixture model is the probability ofdetecting an individual in a survey, given the individual is present in the vicinity of atrap during the survey period (r). Detection probability was modelled as a function ofthe covariates:

• habitat type• average temperature within the previous 24 hours• average rainfall within the previous 24 hours• average relative humidity within the previous 24 hours• average windspeed within the previous 24 hours• bait type
The covariates associated with environmental conditions explain temporal variation indetection probability, and are the same across all traps as all traps were surveyedsimultaneously. Therefore, models were also considered where detection probabilityvaried between surveys as a comparison to the covariate models to assess how muchtemporal variation the covariates are explaining. Note that relative humidity was highlycorrelated with both temperature and rainfall, therefore models that included relativehumidity and temperature, or relative humidity and rainfall, were not considered.
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METHODS | Data analysis
A total of 168 N-mixture models were fit to the data, each containing differentcombinations of covariates for λ and r. Models were compared on the basis of Akaike’sInformation Criterion (AIC) and the highest-ranked models used for inference. AIC is ametric for estimating the relative amount of information lost by representing truth witha model, where models with smaller AIC values are preferred. All analysis wereconducted using the RPresence package in R.

2.2.2 Mark-recapture modelling
The mark-recapture data was analysed using the RMark package in R, with theHuggins-type (Huggins, 1991) model being used to estimate capture probabilities (p)and abundance (N). Note that in the Huggins model, abundance is not estimateddirectly from the data, but is calculated from the estimated capture probabilities andnumber of animals caught. Hence covariate effects were only considered on captureprobability, and only univariate models for p were considered due to the low numberof recapture events. Capture probability (p) was considered to be constant across allsurveys, or a function of:

• relative humidity• rainfall• temperature• windspeed• survey occasion
Models were compared on the basis of AICc, which is a variation of AIC commonlyused for mark-recapture models, with a correction based on the number of parametersrelative to the sample size.
Unlike N-mixture models, the estimate of abundance from the mark-recapture is anestimate of the unique number of individuals in the vicinity of all traps during thesampling session (N-mixture models are at the scale of a single trap). Although, as forthe N-mixture models, the effective area around traps that is being sampled isuncertain and depends on animal movement. Trap densities of four traps per specieshome-range have been recommended for closed-population mark-recapture models(Otis et al., 1978) to ensure sufficient coverage of a region of interest. As the trapdensity used here is much lower than that, the estimates of abundance reported hereare likely to be an underestimate of the total number of skinks in each populationcomponent area.
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3.Results
3.1 N-mixture modelling
Table 3.1 summarises the results of the AIC model selection, which indicates strongevidence for λ differing between populations, and detection probability varyingbetween surveys. That SURVEY is included for detection probability in thehighest-ranked models provides evidence that the environmental covariates explainsome temporal variation in detection, but there is substantial additional temporalvariation unexplained by these covariates. The highest-ranked model includes a habitateffect on λ , although the second-ranked model has a similar AIC model weight butdoes not include the habitat effect. This suggests some evidence for variation inrelative abundance between habitats, but not overly strong evidence. Populationspecific estimates are given in Table 3.2.
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RESULTS | N-mixture modelling

Table 3.1: Ten highest AIC-ranked N-mixture models fit to the skink data. Given in is the relative
difference in AIC (∆AIC), the AIC weight (w), number of parameters (NPar) and twice the negative
log-likelihood (−2ll).

Model ∆AIC w NPar −2ll

λ(PComp+Habitat), r(SURVEY) 0.00 0.50 18 3 199.13
λ(PComp), r(SURVEY) 0.43 0.41 15 3 205.55
λ(PComp), r(Habitat+SURVEY) 4.93 0.04 18 3 204.06
λ(PComp+Habitat), r(Habitat+SURVEY) 5.19 0.04 21 3 198.32
λ(PComp+Habitat), r(Windspeed+RH+Bait) 9.31 0.00 13 3 218.44
λ(PComp), r(Windspeed+RH+Bait) 9.81 0.00 10 3 224.93
λ(PComp), r(Habitat+Windspeed+RH+Bait) 14.14 0.00 13 3 223.27
λ(PComp+Habitat), r(Habitat+Windspeed+RH+Bait) 14.48 0.00 16 3 217.61
λ(Habitat), r(SURVEY) 33.76 0.00 13 3 242.88
λ(1), r(SURVEY) 35.35 0.00 10 3 250.48

Table 3.2: Estimated λ value for each population from the second-ranked N-mixture model.
Given is the estimate, standard error, lower and upper bounds of 95% confidence intervals.

Population Estimate SE Lower Upper
BRWRS 1.94 0.39 1.30 2.88
CN 0.17 0.10 0.05 0.54
GBWRS 0.51 0.16 0.28 0.93
GBP 0.95 0.24 0.58 1.57
MEEA 0.97 0.24 0.60 1.56
ML 1.53 0.33 1.01 2.32
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RESULTS | N-mixture modelling

Table 3.3: Estimated λ value for each population and from the two highest-ranked N-mixture
models. Given is the estimate, standard error, lower and upper bounds of 95% confidence
intervals. Habitat-specific estimates are from the top-ranked model and ’Overall’ estimates are
from the second-ranked model.

Population Habitat Number traps Estimate SE Lower Upper
BRWRS Overall 40 1.94 0.39 1.30 2.88
BRWRS Exotic grass 24 1.83 0.41 1.18 2.85
BRWRS Other 2 2.48 0.97 1.15 5.33
BRWRS Shrubland 14 2.13 0.54 1.30 3.49
BRWRS Tussock NA NA NA NA NA
CN Overall 29 0.17 0.10 0.05 0.54
CN Exotic grass NA NA NA NA NA
CN Other 14 0.14 0.09 0.04 0.49
CN Shrubland NA NA NA NA NA
CN Tussock 15 0.21 0.13 0.06 0.69
GBP Overall 36 0.95 0.24 0.58 1.57
GBP Exotic grass 17 0.64 0.20 0.35 1.20
GBP Other NA NA NA NA NA
GBP Shrubland NA NA NA NA NA
GBP Tussock 19 1.30 0.35 0.76 2.21
GBWRS Overall 40 0.51 0.16 0.28 0.93
GBWRS Exotic grass 13 0.31 0.12 0.14 0.65
GBWRS Other NA NA NA NA NA
GBWRS Shrubland NA NA NA NA NA
GBWRS Tussock 27 0.62 0.19 0.33 1.14
MEEA Overall 40 0.97 0.24 0.60 1.56
MEEA Exotic grass 25 0.91 0.23 0.55 1.49
MEEA Other 3 1.22 0.50 0.55 2.70
MEEA Shrubland 11 1.05 0.31 0.59 1.87
MEEA Tussock 1 1.82 0.66 0.89 3.71
ML Overall 39 1.53 0.33 1.01 2.32
ML Exotic grass 25 1.33 0.30 0.84 2.08
ML Other 4 1.79 0.67 0.86 3.71
ML Shrubland 6 1.54 0.46 0.86 2.76
ML Tussock 4 2.66 0.83 1.45 4.90
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RESULTS | N-mixture modelling

Figure 3.1: Habitat-specific estimates of λ , and 95% confidence intervals, for each population.
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RESULTS | N-mixture modelling
The estimated probability of detecting individual skinks with a pitfall trap (r), from thehighest-ranked N-mixture model, are highly variable across survey occasions (Table3.4). Estimates range from 0.02 - 0.24, which may be associated with variation in skinkactivity patterns. As noted above, there is evidence that some of this variation can beexplained by the inclusion of environmental covariates, however there is substantialadditional variation.
Table 3.4: Estimated probability of detecting individual skinks (r) given presence in the vicinity
of a trap, per survey occasion. Results are from the highest-ranked N-mixture model. Given is
the estimate, standard error, lower and upper bounds of 95% confidence intervals.

Survey Estimate SE Lower Upper
1 0.24 0.04 0.17 0.34
2 0.14 0.03 0.09 0.21
3 0.07 0.02 0.04 0.11
4 0.15 0.03 0.10 0.22
5 0.05 0.01 0.02 0.09
6 0.02 0.01 0.01 0.05
7 0.11 0.03 0.07 0.17
8 0.12 0.03 0.07 0.18
9 0.03 0.01 0.01 0.06
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RESULTS | Mark-recapture modelling
3.2 Mark-recapture modelling
Table 3.5 summarises the results of the AICc model selection for the mark-recapturemodelling, which indicates strong evidence for capture probability varying betweensurveys. That the models including windspeed, bait and relative humidity are rankedabove the constant capture probability model (p(1)) indicates those environmentalcovariates explain some temporal variation in capture probability, but there issubstantial additional temporal variation unexplained by these covariates. Populationspecific abundance estimates are given in Table 3.6.
Table 3.5: AICc model selection table for closed population mark-recapture models fit to the
skink data. Given in is the relative difference in AIC (∆AIC), the AIC weight (w), number of
parameters (NPar) and twice the negative log-likelihood (−2ll).

Model ∆AICc w NPar −2ll

p(time) 0.00 1 9 1 262.40
p(Windspeed) 77.03 0 2 1 353.52
p(Bait) 82.23 0 2 1 358.73
p(RH) 85.50 0 2 1 361.99
p(1) 86.54 0 1 1 365.04
p(Temp) 88.07 0 2 1 364.57
p(Rainfall) 88.21 0 2 1 364.71

Table 3.6: Estimated abundance for each population from the top-ranked Huggins model. Given
is the estimate, standard error, lower and upper bounds of 95% confidence intervals.

Population Estimate SE Lower Upper
BRWRS 337.79 77.29 223.47 535.64
CN 15.12 8.39 6.56 44.31
GBWRS 90.75 26.45 54.47 163.11
GBP 141.17 37.09 88.51 239.63
MEEA 161.33 41.27 102.25 270.11
ML 262.16 61.93 171.38 421.98

Estimated capture probabilities (p) are very low, and indicate a high level of relative
14



RESULTS | Mark-recapture modelling
variation (i.e., from near 0, to 0.06), with a similar pattern to the estimated detectionprobabilities from the N-mixture modelling. This would suggest that a very smallfraction of skinks in the vicinity of a pitfall trap are getting caught each survey occasion,and that deploying pitfall traps for short survey periods (e.g., 3-6 survey occasions) isunlikely to yield quality data for abundance estimation, using trap spacing similar tothose used here. Increasing trap density will increase overall capture probabilities,making shorter survey periods more feasible.
Table 3.7: Estimated probability of capturing a skink (p) given presence in the vicinity of a trap
per survey occasions, from the highest-ranked mark-recapture model. Given is the estimate,
standard error, lower and upper bounds of 95% confidence intervals.

Survey Estimate SE Lower Upper
1 0.06 0.01 0.04 0.09
2 0.03 0.01 0.02 0.06
3 0.02 0.01 0.01 0.03
4 0.03 0.01 0.02 0.06
5 0.01 0.00 0.01 0.02
6 0.00 0.00 0.00 0.01
7 0.03 0.01 0.02 0.05
8 0.03 0.01 0.02 0.05
9 0.01 0.00 0.00 0.01
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3.3 Comparison
Figure 3.2 presents a simple comparison of the estimated λ values (from thesecond-ranked N-mixture model) to abundance estimated from the closed populationmark-recapture model, for each population. There is a very high degree of correlationin the estimates from the two methods for the populations, although note thedifference in the scale of the metrics is due to the difference in their spatial scale(trap-level for N-mixture and population for abundance). Figure 3.3 is similar, althoughboth metrics are on a per-trap scale.

Figure 3.2: Comparison of N-mixture λ estimates and closed population mark-recapture abun-
dance estimates. The difference in the scale of the metrics is mainly due to the difference in
their spatial scale (trap-level for N-mixture and population for abundance).
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RESULTS | Comparison

Figure 3.3: Comparison of N-mixture λ estimates and closed population mark-recapture abun-
dance estimates divided by number of traps.
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4.Discussion
A key consideration in interpreting the above results is the exposure of skinks withineach population to the pitfall trapping technique, specifically the size of the areaaround each trap that is effectively being sampled for skinks. This consideration isparticularly important for interpreting the closed population mark-recaptureabundance estimates. Abundance estimates using mark-recapture provide an estimateof the number of individuals within the population that are exposed to the surveymethods. When individuals have small home ranges relative to the trap spacing, theremay be “gaps” in the trapping coverage within the nominal population of interest,meaning the effective area being trapped may be smaller than the nominal area. Thisis particularly true when the trapping density is relatively low, with only one or twodevices located within an individual’s home range, if any. In such cases, abundanceestimates may be more proportional to density, as each pitfall trap effectively surveysa similar (but unknown) sized area around each trap. As noted previously, a trap densityof 4 traps per home range has been suggested as a suitable intensity level (Otis et al.,1978).
While the number of traps is similar for each population, is not the same. Therefore theeffective area associated with the abundance estimates is also different for eachpopulation. Given an estimate of the effective area around a trap that is being sampledduring the survey period (i.e., 9 days), a correction factor could be determined torescale the abundance estimates provided here to the population-level.
The λ parameter from N-mixture models is a “per trap” metric, and hence, more like adensity estimate. However, it is a metric that represents the maximal-count in a singlesurvey occasion (i.e., a single day) due to the contiguous and open nature of theenvironment around traps. Skinks are not physically restricted to be near traps andmay be away from the immediate area around a trap on some survey occasions.Therefore, estimated λ values should not necessarily be interpreted as an estimate ofabundance at a pitfall trap.
There was a high-level of correlation between the N-mixture λ estimates andmark-recapture abundance estimates (Figure 3.2), and even higher correlation when

18



DISCUSSION
abundance was standardised to the per-trap scale (Figure 3.3). This correlation will bedue:

• both analyses are derived from the same data source,• given the trap spacing, recapture events of individuals were always at the sametrap, and• the number of individuals caught at each trap per day was always low.
Therefore, while the two analyses are using the data in different ways to estimatemodel parameters there is possibly some equivalency in the underlying calculationsgiven the sparse data. This aspect has not been explored further, but this result shouldnot be interpreted as evidence of equivalency of abundance estimation fromN-mixture and mark-recapture models in general. Although in this particular case, itdoes appear that both statistical approaches would yield similar inferences aboutrelative abundance among populations.
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