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EXECUTIVE SUMMARY 

An approval condition for the development of the Mount Gibson Iron Ore Mine and Infrastructure project was the 
preparation of a Mine Fauna Management Plan that addressed the management and monitoring of fauna. An 
objective of the fauna monitoring program is to demonstrate that the effects of vegetation clearing, noise, 
vibration, light overspill and vehicle movement on the fauna, in particular on fauna of conservation significance 
[Egernia stokesii badia (Western Spiny-tailed Skink), Falco peregrinus (Peregrine Falcon), Lophochroa 
leadbeateri (Major Mitchell’s Cockatoo), Merops ornatus (Rainbow Bee-eater) and the Malleefowl (Leipoa 
ocellata)] are minimised. To partially satisfy this monitoring requirement, Terrestrial Ecosystems was 
commissioned by Mount Gibson Mining Limited (MGM) and Extension Hill Pty Ltd (EH) to undertake the 
second vertebrate fauna survey of the monitoring program.  

A 14 night terrestrial vertebrate trapping program was undertaken in December 2011 in each of the three major 
fauna habitat types (i.e. sand plain; eucalypt woodland; and iron stone ridges) around the mine. Five new impact 
survey sites were installed on the sand plain as the original sites have or will be lost with the construction of mine 
infrastructure.  

There was no obvious or significant change in the vertebrate fauna assemblage recorded in the eucalypt woodland 
or sand plain sites. Similarly, there was no obvious or detectable change in the vertebrate fauna assemblage on the 
impact ridge, except that Woolley’s Pseudantechinus is now present on the control ridge. However, it is difficult 
to detect any changes in vertebrate fauna on the impact ridge due to the small number of individuals that were 
trapped. It is likely that vertebrate fauna species and abundance on the control and impact ridges are lower than 
that on the sand plain and in the eucalypt woodland but higher than the trapping data indicate. The trapped fauna 
assemblages did not significantly differ between 2008 and 2011given anticipated seasonal and year-to-year 
variations. Rehabilitation and Degradation Index (RDI) scores for the sand plain and eucalypt woodland were 
similar to those calculated in 2008. The RDI score for the iron stone ridge was similar to 2008, but it is less 
reliable than those calculated for the other two habitats because of the low number of individuals caught.  

The following recommendations are made for future monitoring surveys:  

• The terrestrial fauna survey protocols utilized for the sand plain and the eucalypt woodland should be 
used for future surveys in these habitat types; 

• Future surveys should be undertaken in late spring (e.g. October or November);  
• Traps should cleared before and as close as possible to when the surface soil temperature reaches a 

temperature intolerable to most reptiles. This will mean that the start time will be adjusted daily 
according to ambient conditions and how long it takes to clear all traps;  

• Lids on all traps are checked at least annually at the end of winter;  
• Lids on all pit-traps that are showing signs of rust or UV deterioration are replaced after the next survey; 

and 
• Pit traps and funnel traps are installed and used on future surveys on the banded iron stone ridge control 

and impact sites. These traps should be set up in the similar format to those on the sand plain and 
eucalypt sites.  
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1 INTRODUCTION 

1.1 Background  
The Mount Gibson Iron Ore Mine and Infrastructure project was approved by the Minister for the Environment on  
24 October 2007 (Ministerial Statement 753). Condition 12 of the Ministerial Statement required a Mine Site 
Fauna Management Plan be prepared prior to the commencement of ground disturbing activities that addressed the 
management and monitoring of fauna. An objective of the fauna monitoring program is to demonstrate that the 
effects of vegetation clearing, noise, vibration, light overspill and vehicle movement on the fauna, in particular on 
fauna of conservation significance [Egernia stokesii badia (Western Spiny-tailed Skink), Falco peregrinus 
(Peregrine Falcon), Cacatua leadbeateri (Major Mitchell’s Cockatoo), Merops ornatus (Rainbow Bee-eater) and 
the Malleefowl (Leipoa ocellata)] are minimised. 

To partially satisfy this monitoring requirement, Terrestrial Ecosystems was commissioned by Mount Gibson 
Mining Limited (MGM) and Extension Hill Pty Ltd (EH) to undertake the second vertebrate fauna survey in the 
monitoring program. The first survey was undertaken in January 2008 (Coffey Environments 2008). Terrestrial 
Ecosystems staff were responsible for the design, set up and implementing the first monitoring survey.  

There are three broad fauna habitats within and adjacent to the Mount Gibson Iron Ore Mine and Infrastructure 
project that are being impacted; sand plain, eucalypt woodland and a banded iron formation (BIF). Five vertebrate 
fauna survey ‘control’ and ‘impact’ sites were installed in the sand plain and eucalypt woodlands. Due to access 
restrictions on the BIF, 20 flywire drift fences supporting six pair of funnel traps were installed on Extension Hill 
South (impact site) and Iron Hill (control site). Details of the survey design are provided in the methods section. 

Since the planning and implementation of the first survey in 2008, Mount Gibson Mining Limited has commenced 
mining. This required the construction of supporting infrastructure and re-routing the Great Northern Highway 
around the infrastructure. During this process one of the previously installed sand plain impact fauna survey sites 
has been removed and there are plans to remove the other four sand plain fauna survey impact sites in the near 
future. Therefore, five new sites had to be installed before a second survey could proceed. 

The previous report (Coffey Environments 2008) explained the rationale for and provided a description of the 
terrestrial vertebrate fauna survey protocols. A summary of this information is provided below. This report is the 
first assessment to measure impacts of the mines operations on the terrestrial vertebrate fauna. 

1.2 Site description 
The Mount Gibson Iron Ore Mine and Infrastructure project site is located within the Mt Gibson Ranges, 
approximately 350km north-east of Perth (Figure 1). The Mount Gibson Range has a diverse vegetation 
community comprising of six woodlands, four mallee communities, 12 thicket communities and two heath 
communities (Bennett Environmental Consulting 2000). The peaks of the Mount Gibson Range have different 
vegetation communities, with Acacia species, Melaleuca species and Allocasuarina acutivalvis being the 
dominant taxa. The woodland plain typically consists of Eucalyptus loxophleba or mallees of E. brachycorys and 
E. hypochlamydea, which are often associated with Callitris glaucophylla and Eucalyptus loxophleba. On the 
edge of the Great Northern Highway there is an extensive area of sand plain which exhibits a varied flora (Bennett 
Environmental Consulting 2000).  

From a fauna perspective, the mining impact area can be divided into three broad habitat types;  

• the flat sand plains,  

• the flat eucalypt woodlands, and  

• banded iron stone ridges.  
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1.3 Potential impacts 
Potential environmental impacts on fauna at or in the vicinity of the mine include a loss of habitat due to 
vegetation clearing, habitat fragmentation, altered fire regimes, dust, noise, vibration, feral species, uncapped drill 
holes, mining voids, road deaths and edge effects. Each of these was discussed in the initial baseline survey report 
(Coffey Environments 2008) and this information is not repeated here. 

1.4 Fauna monitoring strategy  
It was resolved in an earlier report to use the Rehabilitation and Degradation Index (RDI) to measure differences 
in the fauna assemblage between impact and control sites, as this index examines guilds of species (e.g. nocturnal, 
widely-foraging predators, fossorial) susceptible to these impacts. The RDI measures the extent to which the 
reptile assemblage in a disturbed site resembles that in a control site. It utilises a combination of diversity, 
assemblage composition and ecological parameters. Each of these parameters is further sub-divided and an overall 
weighted score out of 100 can be calculated for a disturbed site. This score indicates the similarity between the 
impact and the control sites. The unachievable RDI score of 100 indicates no difference between impact and 
control sites, while a RDI score of less than 10 indicates that only a few of the early colonising species are present 
in the impact site. The attributes of various RDI scores are provided in Table 1. A detailed description of the RDI 
and how it is calculated is contained in an article in Appendix A. 

Table 1. Attributes of various Rehabilitation and Degradation Index scores 

Attribute RDI Score 

Comparable to the best situation without human impact, regionally expected species for habitat 
type, species present with a full array of age(size) classes, balanced ecological structure, self 
sustaining functional ecosystem 

86-100 

Species richness approaching expected levels, not all late succession species present, some species 
present with less than optimal abundances or size distribution, ecological structure incomplete 

61-85 

Species richness below that in the undisturbed area, some groups not well represented, some 
specialists not present 

41-60 

Lack of specialists, fewer species than in undisturbed area, skewed ecological structure and relative 
abundances 

21-40 

Few vertebrates present, only early colonisers present, lack of community structure 11-20 

Only opportunistic early colonisers present, no community structure 0-10 

No reptiles present 0 

 

The trappable terrestrial vertebrate fauna assemblage is likely to vary both spatially and temporally (Thompson et 
al. 2003a, Cowan and How 2004, Thompson and Thompson 2005, Thompson and Thompson 2008), so any 
survey protocol must accommodate these changes. It is therefore necessary that control and impact sites are 
surveyed simultaneously to minimise temporal variations, and multiple sites are surveyed within each habitat type 
to accommodate spatial variability in fauna assemblages.  

Published data (Thompson and Thompson 2005, Thompson and Thompson 2008) suggest that spring and summer 
are the optimum times for vertebrate fauna surveys in the Goldfields of Western Australia. As there are no 
published information about the best time to survey in the Mid-west or Murchison, it is assumed that given similar 
climatic conditions, the vertebrate fauna assemblages would act similarly and spring and summer would be the 
optimum survey periods.  

A Before After Control Impact (BACI) design is necessary to monitor disturbance effects over time as temporal 
variations and spatial variability in the fauna assemblages are significant (Cowan and How 2004, Thompson and 
Thompson 2005). The survey protocol used here was intended to provide further baseline fauna assemblage data 
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for long term monitoring purposes, as current impacts are unlikely to have affected the ‘impact’ sites, and new 
‘impact’ sites were installed in the sand plain habitat. 
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2 METHODS 
A 14 night terrestrial vertebrate trapping program was undertaken in each of the major habitats (i.e. sand plain; 
eucalypt woodland; and iron stone ridges) around the mine.  

1.5 Site selection 
Survey sites representing ‘impact areas’ were selected adjacent to the intended mining and infrastructure areas 
(Figure 2; Appendix A). Every effort was made to select control sites that approximated the habitat in the impact 
sites; however, it was impossible to find a perfect replica control site for each impact site. Therefore, it was 
anticipated that there would be some differences in the fauna assemblages between control and impact sites. 

In the sand plain and eucalypt woodland habitats, five impact and five control sites were selected. Sites were far 
enough apart to minimise the potential for most individuals moving among sites. Data from these five sites has 
been combined in calculating RDI scores. 

Traps in the impact and control sites on the banded iron stone ridges were laid out differently to those in the sand 
plain and eucalypt woodland due to the presence of declared rare flora (DRF; Darwinia masonii and 
Lepidosperma gibsonii) and the hardness of the terrain. Fauna habitat varied depending on the location on the 
slope or ridge tops. It was therefore decided that these trap lines would run perpendicular to an existing track that 
ran along the ridge immediately adjacent to the mining area (Figure 2) and in a similar manner on an adjacent 
ridge (i.e. control sites). The control ridge habitat varied appreciably (e.g. different density and composition of 
plant species) from the impact habitat, but it was the best available. Trap lines were approximately 30-50m apart 
in areas selected to minimise impacting on the vegetation and in particular, D. masonii and L. gibsonii. 

1.6 Trap design and layout 

Each site on the eucalypt woodland and sand plain contained four trap lines. Each trap line contained three 20L 
PVC buckets, three 150mm by 500mm deep PVC pipes as pit-traps and three pair of funnel traps evenly spaced 
along a 30m fly-wire drift fence (300mm high; Diagram 1). In addition, three aluminium box traps were set 
adjacent to each drift fence. Aluminium box traps were baited with a mixture of sardines, rolled oats and peanut 
butter (i.e. universal bait). 

Diagram 1. Trap layout at each site on the sand plain and eucalypt woodland 

 

 

At the time of developing the survey protocol, it was not possible to dig in pit-traps on the banded iron stone 
ridges due to the potential impact on D. masonii and L. gibsonii, so six pairs of funnel traps (Plate 1) were evenly 
spaced along each trap line to increase the number of vertebrates caught. Three baited aluminium box traps were 
placed adjacent to each trap line. 
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Plate 1. A drift fence on the hill slope showing a series of paired funnel traps located either side of a fly-wire 
drift fence 

 

Most animals were marked with a permanent dark coloured marking pen. For lizards, this was normally on the 
abdomen, and for mammals it was along the tail. Marked recaptured animals were recorded. However, as large 
snakes were not handled, they were not marked. The mark comes off or rapidly fades on the abdomen of shiny 
skinned skinks and possibly on the fur of small mammals. The number of recaptures during the 2008 survey was 
low with the consequence a decision was made before the analysis in 2008 to include recaptures within the dataset 
for all analyses. Recaptures have again be included in the data analysis. 

1.7 Animal ethics  
Environmental consultants in WA are currently not required to obtain approval from an established animal ethics 
committee to undertake terrestrial vertebrate fauna surveys. Nevertheless, the fauna surveying procedures and 
protocols utilised during this terrestrial vertebrate trapping survey have been approved by the Edith Cowan 
University Animal Ethics Committee (see http://www.ecu.edu.au/GPPS/ethics/assets/General_ 
Terrestrial_Fauna_Surveys_Protocol.pdf).  

To minimise deaths due to heat stress all funnel traps had a shade cover (Plate 1), and all buckets contained one or 
two pieces of polystyrene. Aluminium box traps were placed underneath vegetation. The shade covers, 
polystyrene and the location of aluminium box traps were used to provide protection from solar radiation. All 
traps were cleared twice daily, once starting at about 5:00am and the second clearing of traps commenced about 
1:00pm. Traps were not cleared on the impact ridge on one occasion as the area was closed because of a planned 
blast in the mining area. No animals die in traps as a consequence of this decision. As the funnel traps on the 
ridges were the most exposed to ambient temperature and radiated heat from the substrate, these were generally 
cleared first.  

To minimise deaths due to bites and stings, ant powder was placed around and in pit, funnel and aluminium box 
traps where ants were an obvious problem. 

http://www.ecu.edu.au/GPPS/ethics/assets/General_%20Terrestrial_Fauna_Surveys_Protocol�
http://www.ecu.edu.au/GPPS/ethics/assets/General_%20Terrestrial_Fauna_Surveys_Protocol�
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1.8 Survey timing 
All sites, except the sand plain impact sites were dug in during January 2008. The five new sand plain impact sites 
were dug in between 1-4 December 2011. These five sites replaced the sand plain impact sites that had been 
surveyed during 2008, as those sites had either been destroyed or would be destroyed with the development of 
infrastructure. The survey was undertaken between December 6 and 20, 2011, providing 14 trapping nights of data 
for all sites. 

1.9 Survey and reporting staff 
The field survey was coordinated by Dr Graham Thompson with assistance from Dr Scott Thompson, Ed 
Swinhoe, Clae Hickling, Michael Pusey and Travis Murray. Jessica Sackmann and other mine staff assisted with 
clearing traps. The survey was undertaken under a Wildlife Conservation Act (1950) Regulation 17 licence 
number SF8297. 

1.10 Data analysis 
Trapped fauna assemblage can be measured in numerous ways (Hayek and Buzas 1997, Magurran 2004). The 
four most common attributes are species richness, evenness, diversity and relative abundance. These tools are also 
useful in quantifying the similarity between impact and control sites. However, these tools are interrelated and 
there are a diverse number of analytical methods available to quantify these metrics and similarity among the 
trapped assemblages.  

1.10.1 Species richness and relative abundance 

The actual number of species caught at each site is one measure of species richness and is directly related to the 
trapping effort and number of individuals caught. Asymptotes from species accumulation curves can also be used 
to estimate species richness. 

1.10.2 Species accumulation curves 

Species accumulation curves, or collectors’ curves, plot the cumulative number of species discovered in a defined 
sampling area with increasing levels of survey effort (Thompson et al. 2007a). Species accumulation curves 
provide a measure of species inventory efficacy and completeness, and can be used to compare surveys based 
upon standardized sampling protocols (Moreno and Halffter 2000). Soberón and Llorente (1993) suggested that 
species accumulation curves lend rigour to fauna inventories, particularly in poorly collected areas. 

To demonstrate the adequacy of the survey effort, species accumulation curves were prepared using a custom 
written randomising program (Thompson and Thompson 2007b), so that the catch was randomised across the 
number of trapping days (i.e. 14). Ten thousand iterations were used to average the curves. A non-linear 
regression curve was then calculated using the Beta-P model (Thompson et al. 2003b) in NLREG software 
(Sherrod 2001) for each habitat type and the overall trapping survey results. Species accumulation curves were 
plotted with the ordinate axis as species richness and on the abscissa the number of individuals caught. Species 
accumulation curves were calculated for the combined sites for control and impact areas for the three habitat 
types. Species accumulation curves were also used to estimate species richness based on 500 and 1000 captures 
for each habitat type. 

1.10.3 Evenness 

The evenness method described by Smith and Wilson (1996), and supported by Magurran (2004), was calculated 
(Evar) for each of the trapped assemblages using Species, Diversity and Richness software (Pisces Conservation 
Ltd 2010).  



 
8 

1.10.4 Diversity 

Log series diversity (Fisher’s alpha) was used to measure diversity because of its good discriminating ability and 
low sensitivity to sample size (Kempton 1979, Magurran 1988, Hayek and Buzas 1997). Log series diversity was 
calculated using Species, Diversity and Richness software (Pisces Conservation Ltd 2010).  

1.10.5 Similarity and complementarity 

The Morisita-Horn index was used to compare similarity between combinations of sites in the Mount Gibson Iron 
Ore Mine and Infrastructure project area. The quantitative Morisita-Horn similarity index was selected because it 
is not strongly influenced by either species richness or sample size (Wolda 1981) and it was recommended by 
Magurran (2004); however, it is heavily influenced by the abundance of the most abundant species. Magurran 
(2004) also suggested the use of Marczewski-Steinhaus (MS) distance scores as a measure of complementarity. 
Marczewski-Steinhaus scores range between 0 - 5, with the lowest value indicating the higher similarity. 

1.10.6 Rehabilitation and Degradation Index 

The Rehabilitation and Degradation Index (RDI; Thompson et al. 2007b) was used to assess the difference in the 
fauna between the control and impact sites in areas adjacent to mining activity, utilising the reptile assemblage as 
an indicator of the total faunal assemblage. The method of calculating for RDI scores is as outlined in Thompson 
et al. (2007b; Appendix A). This RDI is a quantitative measure of the extent to which the reptile assemblage in an 
impact site resembles that in a control site. It utilises a combination of diversity, assemblage composition and 
ecological parameters including trophic level, habitat preference, predatory strategy, activity period and dietary 
requirements for each reptile species. Each of these parameters is sub-divided and an overall weighted score out of 
100 is calculated for the impact site.  
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2 RESULTS 
Where the results from the 2008 survey will be used for comparative purposes in the discussion, they are also 
presented in the results section, as this avoided repeating the table in the discussion. 

2.1.1 Local environmental conditions during survey periods 

Data from the Mount Gibson Iron Ore Mine and Infrastructure project weather station have been used to 
describe daily weather during the December 2011 survey. The Paynes Find weather data were used to describe 
the daily weather during the 2008 survey period. Dates shaded in grey in Table 2 show the days when traps were 
open.  

Table 2. Daily weather data for survey periods in 2008 and 2011 

2008 2011 
Date Min. Ta (oC) Max Ta. 

(oC) 
Rainfall 

(mm) 
Date Min. Ta 

(oC) 
Max Ta. 

(oC) 
Rainfall 

(mm) 
20/1/2008 23.3 36.8  3/12/2011 20.1 34.3  
21/1/2008 22.4 36.5  4/12/2011 24.0 35.3 1.2 
22/1/2008 22.6 36.6  5/12/2011 19.7 34.9  
23/1/2008 19.2 38.5  6/12/2011 18.1 32.7 9.4 
24/1/2008 22.1 41.0  7/12/2011 15.5 29.9  
25/1/2008 23.2 39.5  8/12/2011 15.8 29.1  
26/1/2008 22.8 41.3  9/12/2011 17.1 28.9  
27/1/2008 24.7 42.0  10/12/2011 18.6 30.3  
28/1/2008 23.7 40.7  11/12/2011 19.0 29.4 4.8 
29/1/2008 22.1 38.6  12/12/2011 18.0 34.3 0.6 
30/1/2008 21.6 36.9  13/12/2011 19.0 30.0  
31/1/2008 21.4 37.8  14/12/2011 15.5 30.0  
1/2/2008 23.5 40.8  15/12/2011 19.8 29.2  
2/2/2008 27.4 40.0 5.8 16/12/2011 17.6 30.6  
3/2/2008 20.7 38.1 0.2 17/12/2011 18.8 35.8  
4/2/2008 25.7 37.7 2.8 18/12/2011 15.9 34.0  
5/2/2008 21.0 31.7 3.2 19/12/2011 13.6 32.8  
6/2/2008 21.4 32.0  20/12/2011 14.8 36.3  
Averages 22.7 38.1   17.8 32.1  

 

Average minimum and maximum temperatures for December and January at Paynes Find are 18.3oC, 34.9oC, 
20.9oC and 37.4oC respectively (http://www.bom.gov.au/climate/averages/tables/cw_007139.shtml). Mean 
rainfall in Paynes Find in December and January is 12.1mm and 18.3mm, respectively 
(http://www.bom.gov.au/climate/averages/tables/cw_007139.shtml). 

Ambient temperatures in December 2011 (Table 2) were generally below the mean maximum for December and 
ambient temperatures in January in 2008 were generally above the January average. Warmer conditions during 
the December 2011 survey would have increased the number of reptiles caught (Thompson and Thompson 
2005). Local flooding was evident from two rain episodes in 2008, with the consequence that many of the 
bucket pit-traps in the eucalypt woodland had to be bailed out on at least two occasions. Rain during the 2011 
survey only contributed small quantities of water to the bottoms of some pit-traps in the eucalypt woodland. The 
impact of these weather variations is addressed in the discussion. 

2.1.2 Fauna assemblage structure 

Reptiles and mammals caught in traps during the survey are shown in Table 3. Most terrestrial vertebrates were 
caught in the eucalypt woodland sites, followed by the sites in the sand plain. Only a few hatchlings were caught 
and most appeared to have recently hatched. It was noted in the 2008 survey report that there was an abundance 
of hatchlings in that dataset. 
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2.1.3 Fauna assemblage by trap type 

Table 4 shows the number of individuals caught in each trap type. Pipe pit-traps caught the most mammals, 
followed by bucket pit-traps and aluminium box traps. Funnels caught more lizards in 2011, whereas bucket pit-
traps caught more lizards in 2008, followed by funnels and pipe pit-traps. For snakes, funnels caught the most, 
followed by bucket and pipes in both 2008 and 2011.  

2.1.4 Species accumulation curves 

Species accumulation curves for control and impact sites for each habitat type are presented in Graph 1. The 
number of species likely to be caught after 500 and 1000 individuals were caught and based on the asymptote 
for control and impact sites are shown in Table 5.  

Graph 1. Species accumulation curves for  control and impact sites for  each of the habitat sites surveyed 
 

 
A: Eucalypt woodland control 

 
B: Eucalypt woodland impact 

  

 
C: Sand plain control 

 
D: Sand plain impact 

  

 
E: Ridge control 

 
F: Ridge impact 
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Table 3. Number of individuals caught by species by habitat type in 2008 and 2011 

 Years 2008 2011 
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Mammals                
Dasuridae Antechinomys laniger  1     1         
 Pseudantechinus woolleyae      1 1   13    13 
 Sminthopsis crassicaudata 2 2    1 5  2     2 
 Sminthopsis dolichura 8 10   25 27 70 19 18   34 16 87 
 Sminthopsis gilberti  1    2 3         
Muridae Mus musculus      3 3 11 16 1  13 15 56 
 Notomys alexis             1 1 
 Notomys mitchellii     1 11 12 2    8 11 21 
 Pseudomys hermannsburgensis 11 5    1 17 11 24   3 1 39 
 Number of individuals 21 19 0 0 26 46 112 43 60 14 0 58 44 219 
 Number of species 3 5 0 0 2 7 8 4 4 2 0 4 5 7 
Reptiles                 
Agamidae Caimanops amphiboluroides      1 1         
 Ctenophorus cristatus    1   1         
 Ctenophorus reticulatus 2 6     8         
 Ctenophorus scutulatus 9 9 3 2 12 18 53 7    7 4 18 
 Moloch horridus   1  2 3 6     1 4 5 
 Pogona minor   1  5 3 9 1  1  3  5 
Boidae Antaresia stimsoni   1    1    1   1 
Elapidae Brachyurophis fasciolata            1  1 
 Brachyurophis semifasciata 2 3    1 6 2 3 1   1 7 
 Demansia psammophis    1  1 2         
 Furina ornata    1   1         
 Parasuta monachus 1 2 1 1 2 1 8 1    1  2 
 Pseudechis australis 2    1  3 1     1 2 
 Pseudonaja mengdeni     2  2     5  5 
 Pseudonaja modesta 1  2 1   4   1    1 
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 Years 2008 2011 
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 Simoselaps bertholdi 5 2     7 1 2     3 
 Suta fasciata 1 1     2 1 1     2 
Gekkonidae Diplodactylus granariensis 16 4  3 12 3 38 20 5 1 1 12 8 47 
 Diplodactylus pulcher 13 11 8 6 6 9 53 14 5 2  15 17 53 
 Gehyra variegata 60 40 12 8 10 4 134 30 20 21 22 8  101 
 Heteronotia binoei 4 9 42 23   78 6 9 32 7   54 
 Lucasium maini 10    1  11 8 5   1  14 
 Lucasium squarrosum 5 11   1  17 5 5   2  12 
 Underwoodisaurus milii    1   1   1 2   3 
 Oedura reticulata 11 1     12  1     1 
 Rhynchoedura ornata 19 9   1 2 31 8 7   4 4 23 
 Strophurus strophurus            2  2 
Pygopodidae Delma australis 1 1  2   4 6     5 11 
 Delma bulteri 1      1  1     1 
 Lialis burtonis 1 1     2         
 Pygopus nigriceps 13 6 2  5 4 30 12 11   1 2 26 
Scincidae Cryptoblepharus buchananii 15 5     20 6 4     10 
 Ctenotus pantherinus   1    1    1  8 9 
 Ctenotus schomburgkii 43 93   74 17 227 51 104  5 132 40 332 
 Ctenotus severus  12 2  1 8 23  5 2   1 8 
 Ctenotus uber          1    1 
 Egernia depressa 3 13 12 15   43 1 3 2 4   10 
 Eremiascincus richardsonii 6 6     12 13 7   2 2 24 
 Lerista gerrardii 2      2 13 10 1 1 2 3 30 
 Lerista kingi 21 4 2 4 6 12 49 14 5  2 5 13 39 
 Liopholis inornata     28 28 56  2  2 22 43 69 
 Menetia greyii 27 19  12 4 4 66 47 26  3 2 10 88 
 Morethia butleri 4 3    1 8 7 19     26 
 Tiliqua occipitalis     2 1 3     5 5 10 
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Typhlopidae Ramphotyphlops australis 1 2   1 1 5         
 Ramphotyphlops bituberculatus         1     1 
 Ramphotyphlops waitii 1 2  1   4  3     3 
Varanidae Varanus caudolineatus 9 5     14 8 3     11 
 Varanus gouldii 1    14 6 21     6 3 9 
 Varanus panoptes 1     1 2  1   1  2 
 Varanus tristis 3  1 2   6 6 3 2 1   12 
 Number of individuals 314 280 91 84 190 129 1088 289 271 68 52 240 174 1094 
 Number of species 34 27 15 17 21 22 47 26 28 13 13 23 19 44 
Total  335 299 91 84 216 175 1200 332 331 82 52 298 218 1313 
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Table 4. Number of individuals caught by species by trap type in 2008 and 2011 

 Years 2008 2011 

Family Species Bucket Pipe Funnel Box 
trap Total Bucket Pipe Funnel Box 

trap Total 

Mammals            
Dasyuridae Antechinomys laniger  1   1      
 Sminthopsis crassicaudata 2 3   5 2    2 
 Sminthopsis dolichura 21 49   70 9 76 2  87 
 Sminthopsis gilberti 1 2   3      
 Pseudantechinus woolleyae  1   1    13 13 
Muridae Mus musculus  3   3 22 27 1 6 56 
 Notomys alexis       1   1 
 Notomys mitchelli   1 11 12 2 19   21 
 Pseudomys hermannsburgensis 5 8  4 17 18 20 1  39 
 Subtotal 29 67 1 15 112 53 143 4 19 219 
Amphibians            
Myobatrachidae Neobatrachus wilsmorei 1    1      
 Neobatrachus sp. 12 25 3  40      
 Subtotal 13 25 3 0 41      
Lizards            
Agamidae Caimanops amphiboluroides   1  1      
 Ctenophorus cristatus   1  1      
 Ctenophorus reticulatus 4 3 1  8      
 Ctenophorus scutulatus 26 15 12  53 5 3 10  18 
 Moloch horridus 2 2 2  6 4 1   5 
 Pogona minor 6 1 2  9 2 1 2  5 
Gekkonidae Diplodactylus granariensis 19 7 12  38 21 8 18  47 
 Diplodactylus pulcher 28 9 16  53 34 12 7  53 
 Gehyra variegata 65 21 48  134 16 2 83  101 
 Heteronotia binoei 9 2 67  78 5 2 47  54 
 Luciaium mainii 10 1   11 9 4 1  14 
 Lucasium squarrosum 13 3 1  17 6 5 1  12 
 Underwoodisaursis milii   1  1   3  3 
 Oedura reticulata 6 5 1  12  1   1 
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 Years 2008 2011 

Family Species Bucket Pipe Funnel Box 
trap Total Bucket Pipe Funnel Box 

trap Total 

 Rhynochoedura ornata 15 14 2  31 16 5 2  23 
 Strophurus strophurus      1  1  2 
Pygopodidae Delma australis  2 2  4 7 2 2  11 
 Delma bulteri 1    1  1   1 
 Lialis burtonis 1  1  2      
 Pygopus nigriceps 7 2 21  30 3 3 20  26 
Scinidae Cryptoblepharus buchananii 8 9 3  20 3 3 4  10 
 Ctenotus pantherinus   1  1 3 1 5  9 
 Ctenotus schomburgkii 115 44 67 1 227 122 69 141  332 
 Ctenotus severus 5 5 13  23  2 6  8 
 Ctenotus uber        1  1 
 Egernia depressa 8 4 31  43 1  9  10 
 Liopholis inornata 25 28 3  56 31 30 8  69 
 Eremiascincus richardsonii 3 6 3  12 12 5 7  24 
 Lerista gerrardii  2   2 16 7 7  30 
 Lerista kingi 26 7 16  49 25 8 6  39 
 Menentia greyii 41 6 19  66 60 10 18  88 
 Morethia butleri 6  2  8 12  14  26 
 Tiliqua occipitalis   2 1 3 1 1 5 3 10 
Varanidae Varanus caudolineatus 8 1 5  14 6 4 1  11 
 Varanus gouldii 4 6 8 3 21  4 4 1 9 
 Varanus panoptes   2  2  2   2 
 Varanus tristis  3 3  6 3 5 4  12 
 Subtotal 461 208 369 5 1043 421 196 433 4 1066 
Snakes            
Boidae Antaresia stimsoni   1  1   1  1 
Typhlopidae Ramphotyphlops australis 4  1  5      
 Ramphotyphlopsbitubercculatus 1    1 1    1 
 Ramphotyphlops waitii 2  2  4 1 2   3 
Elapidae Brachyurophis fasciolata        1  1 
 Brachyurophis semifasciata 4  2  6 3 2 2  7 
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 Years 2008 2011 

Family Species Bucket Pipe Funnel Box 
trap Total Bucket Pipe Funnel Box 

trap Total 

 Demansia psammophis   2  2      
 Furina ornate   1  1      
 Parasuta monachus 4  4  8   2  2 
 Pseudechis australis   3  3   1 1 2 
 Pseudonaja mengdeni   2  2  1 4  5 
 Pseudonaja modesta        1  1 
 Simoselaps bertholdi 4 1 2  7   3  3 
 Suta fasciata 1  1  2 1  1  2 
 Subtotal 19 1 25 0 45 6 5 16 1 28 
Total  522 301 398 20 1241 480 344 453 24 1313 
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Table 5. Asymptotes for  species accumulation curves and estimates of species r ichness for  the combined 
data for  control and impact sites for  each of the habitat types 
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Eucalypt woodland control 37 8274 40.6 47.1 30 45.6 31.4 33.8 
Eucalypt woodland impact 32 39.8 34.5 36.7 32 34.9 33.3 34.4 
Sand plain control 23 128.2 28.7 33.4 27 42.7 30.2 33.7 
Sand plain impact 29 9529 39.9 47.6 24 47.7 27.7 30.6 
Ridge control 15 28.3 25.1 27.3 15 54568 41.5 61.3 
Ridge impact 17 31.5 28.4 30.6 13 22.7 20.6 21.6 

2.1.5 Diversity, similarity and evenness 

Morisita-Horn similarity scores are shown for control and impact sites in Table 6.  

Table 6. Morisita-Horn similarity scores for the combined control and impact sites for each of the three 
habitat types 
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2008      
Eucalypt Woodland Control 0.23 0.54 0.77 0.39 0.45 
Ridge Control  0.06 0.23 0.84 0.11 
Sand Plain Control   0.84 0.09 0.71 
Eucalypt Woodland Impact    0.31 0.49 
Ridge Impact     0.17 
2011      
Eucalypt Woodland Control 0.21 0.58 0.80 0.46 0.59 
Ridge Control  0.04 0.15 0.70 0.02 
Sand Plain Control   0.87 0.26 0.72 
Eucalypt Woodland Impact    0.38 0.64 
Ridge Impact     0.20 

 

The Marczewski-Steinhaus distance scores were 0.27, 0.31 and 0.4 for the eucalypt woodland, sand plain and 
ridge sites, respectively. 

As expected fauna assemblages between control and impact sites for the sand plain and eucalypt woodland were 
reasonably similar, and more so than those on the ridges. Unexpectedly, the sand plain control site was similar 
to the eucalypt woodland impact site, indicating more species than were expected were common to these two 
sites. This was the same as in 2008.  

Fisher’s alpha diversity scores, recorded species richness and evenness scores for each of the sand plain and 
eucalypt woodland sites are shown in Table 7. It is apparent that species richness, diversity and evenness varied 
appreciably among sites. Small sample sizes are likely to have influenced these results, which is probably why 
there is an appreciable variation between 2008 and 2011 scores for sites. 



 
18 

Table 7. Fisher ’s alpha, recorded species r ichness and evenness scores for  each of the sites on the sand 
plain and eucalypt woodland 

  2008 2011 

Habitat Site Fisher's 
Alpha Evenness Species 

Richness 
Fisher's 
Alpha Evenness Species 

Richness 
Eucalypt Woodland 1 12.41 0.97 21 7.49 0.92 15 

 2 9.60 0.97 21 7.57 0.97 17 
 3 8.63 0.96 20 7.73 0.94 20 
 4 7.97 0.90 20 10.28 0.96 19 
 5 10.80 0.96 20 7.84 0.93 18 
 6 4.30 0.81 13 6.70 0.87 17 
 7 7.21 0.75 17 7.08 0.75 18 
 8 11.69 0.96 20 9.26 0.96 20 
 9 14.15 0.94 20 8.03 0.97 15 
 10 10.79 0.96 19 7.58 0.94 16 

Sand Plain 1 6.17 0.95 12 7.49 0.80 15 
 2 8.72 0.95 13 7.57 0.68 17 
 3 8.16 0.96 13 7.73 0.88 16 
 4 9.95 0.95 17 10.28 0.87 12 
 5 7.13 0.95 13 7.84 0.90 10 
 6 3.73 0.90 9 6.70 0.96 9 
 7 10.09 0.95 18 7.08 0.96 14 
 8 10.22 0.94 14 9.26 0.90 17 
 9 5.63 0.87 13 8.03 0.92 16 
 10 6.97 0.78 15 7.58 0.94 14 

 

2.1.6 RDI scores 

A summary of the calculations for the RDI scores and the final scores are shown in Table 8 along with the same 
data for the 2008 survey.  
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Table 8. Summary of RDI scores for  the three habitat types for  2008 and 2011 
  All data 2008 All data 2011 

  Undisturbed site captures Impact site captures Undisturbed site captures Impact site captures 
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Abundance  314 91 190 280 84 129 289 68 240 271 52 174 
Recorded Species Richness  34 15 21 27 17 22 26 13 23 28 13 19 

Log series diversity 25    21.64 20.48 22.09    20.29 22.21 24.70 
Evenness 25    23.63 21.56 21.20    20.45 19.95 17.06 
Similarity 25    19.23 21.05 17.63    20.00 17.50 17.75 

SR 25    22.59 23.00 22.91    23.78 23.32 23.77 
Diversity parameter 100    87.09 86.09 83.82    84.52 82.98 83.29 
Assemblage composition parameter 100    79.48 77.35 76.58    81.99 66.65 81.60 
Ecological parameter 100    85.99 85.98 77.71    89.07 80.43 70.83 
Weighted scores              
Diversity parameter     27.87 27.55 26.82    27.05 26.55 26.65 
Assemblage composition parameter     34.18 33.26 32.93    35.25 28.66 35.09 
Ecological parameter     21.50 21.49 19.43    22.27 20.11 17.71 
Overall score for each site 100    83.54 82.30 79.18    84.57 75.32 79.45 
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2.2 Notable observations 
2.1.1 Major Mitchell’s Cockatoo (Lophochroa leadbeateri) 

Major Mitchell’s Cockatoo were seen on five occasions during the fauna survey. Dates and locations are shown 
in Table 9. 

Table 9. The location of Major Mitchell’s Cockatoo sightings 

Date Latitude Longitude Number 
9/12/2011 -29.58038 117.16014 8 

13/12/2011 -29.59505 117.2047 2 
15/12/2011 -29.571393 117.191455 2 
16/12/2011 -29.60286 117.16868 2 
16/4/2011 -29.5914 117.2031 2 

 

2.1.2 Perentie (Varanus giganteus) 

A perentie was seen on two occasions during the fauna survey. Dates and locations for these observations are 
shown in Table 10. 

Table 10. The locations of Perentie sightings 

Date Latitude Longitude Number 
4/12/2011 -29.61034 117.16845 1 

10/12/2011 -29.55796 117.18123 1 
 

2.1.3 Malleefowl (Leipoa ocellata) 

A single Malleefowl was seen on the edge of one of the tracks while driving to a survey site one afternoon. The 
date and location of this observation is shown in Table 11. 

Table 11. The location of a Malleefowl sighting 

Date Latitude Longitude Number 
12/12/2011 -29.5815 117.1599 1 

 

2.1.4 Unknown mammal burrow 

An unknown mammal dug a burrow at the end of the second trap line on E2 during one night. Fresh foot prints 
were observed on the soil excavated from the burrow. The entrance to the burrow was closed the next night. 
When it was evident that the burrow was not being used for a couple of nights, it was excavated. The burrow 
was about 1m long, about 30o to the horizontal and contained a chamber at the terminus that was lined with 
fresh grass. Based on the size of the burrow entrance and the chamber, it was estimated the mammal’s mass was 
about 300g. 

2.1.5 Additional species recorded 

A number of species that had not previously been recorded were trapped during this survey. A single Ctenotus 
uber was caught on the control ridge site, a Strophurus strophurus was caught at a sand plain impact site, a 
Brachyurophis fasciolata was caught at a sand plain control site, a Ramphotyphlops bituberculatus was caught 
at a eucalypt woodlands impact site and a single Notomys alexis was caught at a sand plain impact site. The 
project area is within the known geographic distribution for all these species, so none are considered a range 
extension. 

2.1.6 Woolley’s Pseudantechinus (Pseudantechinus woolleyae) 

A single Woolley’s Pseudantechinus had been caught at a sand plain impact site in 2008. During the 2011 
survey, 13 Woolley’s Pseudantechinus were caught on the control ridge. Some of these were recaptures. 
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2.1.7 Feral animals 

Cat tracks and scats were observed on the control ridge, eucalypt woodland and the sand plain sites during the 
fauna survey.   
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3 DISCUSSION 

3.1 Adequacy of the data 
Species accumulation curves for the sand plain and the eucalypt woodland sites (Graph 1 and Table 5) indicated 
that there are sufficient data to provide an understanding of the fauna assemblages in these habitats and calculate 
a robust RDI score. In all four habitat types additional sampling would have resulted in additional species being 
caught. It should be noted that the sand plain impact site is new and therefore direct comparison with the one 
surveyed in 2008 should be done with caution. 

The number of individuals caught in the control and impact sites on the banded iron stone ridges (i.e. 82, and 52, 
respectively) was inadequate to provide a reliable RDI score. This low species richness and abundance, and a 
high proportion of singletons in the data set will result in the RDI score being heavily influenced by relatively 
small variations in the number of species and individuals caught in the trapping program, which will inevitably 
result in high sampling error. If the number of individuals caught on the ridges was higher, this would probably 
have increased the number of species recorded and would provide a more robust RDI score.  

The trapping effort along the ridges was restricted to the use of funnel and aluminium box traps due to an earlier 
decision to minimise impacts of two species of declared rare flora and the hard terrain. Increasing the sample 
size is problematic, as space for additional traps in the vegetated areas is limited. There are two possible options 
to increase the number of individuals caught on banded iron stone ridges; a) increasing the trapping period at the 
existing sites, or b) digging in pit-traps along the drift lines similar to those on the sand plain and eucalypt 
woodland. Fauna deaths due to heat stress in hot weather can be high, as vertebrates caught in funnel traps can 
be more exposed to higher ambient and radiated temperatures than those in pit-traps. Extending the trapping 
period using the existing funnel traps will increase the number of deaths if the survey period is hot, which is 
clearly undesirable. Using pit-traps is the recommended option. 

3.2 Trapping protocols 
Consistent with what was reported by Thompson and Thompson (2007a), funnel traps were useful in catching 
many of the reptiles, particularly the medium and large snakes and widely-foraging skinks, but were of almost 
no value in trapping mammals. Pipes as pit-traps caught most of the small mammals, consistent with that 
reported by Thompson and Thompson (2007a), followed by buckets and aluminium box traps. Pseudantechinus 
woolleyae was only caught in aluminium box traps, when the choice was box traps or funnel traps. However, if 
pit-traps were installed on the ridges, then it is likely that many more of this species would have been caught. 
Aluminium box traps contributed little to our knowledge of species on the sand plain and eucalypt woodland.  

3.3 Fauna assemblages  
The purpose of establishing impact and control survey sites was to enable changes in the fauna assemblage at 
impact sites to be detected in the context of significant seasonal and year-to-year variations in the vertebrate 
fauna assemblage. Given the current distance mining activity and infrastructure is from impact sites on the sand 
plain and eucalypt woodland, impact and control sites should be considered as relatively undisturbed fauna 
habitats. So, similarity scores between control and impact sites are likely to be as good as they get. Table 5 
indicates the Morisita-Horn similarity scores of interest in making this assessment. Similarity scores higher than 
0.7 are desirable, as this indicates the selected control sites are suitable for comparative purposes. Low 
complementarity is an indication of a high level of similarity in the species present in control and impact sites.  

The sand plain and eucalypt woodland sites selected as control sites have similarity scores greater than 0.7 and 
complementarity scores lower than 0.3 suggesting that they will act as reasonable control sites. The ridge 
similarity score is 0.71, which is reasonable but the complementarity score is 0.4 indicating a lack of similarity 
in the species caught on the control and impact sites. 

 

Two species were recorded in all control and impact habitats (i.e. D. granariensis, L. gerrardii), these species 
are known as habitat generalists. In contrast, Pseudantechinus woolleyae was only caught on the control ridge, 
U. milii was only caught on the ridges, T. occipitalis and M. horridus were only caught on the sand plain and V. 
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caudolineatus, S. bertholdi and S. fasciata were only caught in the eucalypt woodland. These species are habitat 
specialists.  

The two most abundant mammals were S. dolichura and M. musculus, both of which were caught on the sand 
plain and eucalypt sites. The most abundant reptiles caught were C. schomburgkii and G. variegata. No 
amphibians were caught during this survey due to a lack of adequate rain to bring the burrowing species to the 
surface. 

It was interesting to note that Notomys mitchellii and N. alexis were sympatric; elsewhere this seldom occurs. 

3.4 Rehabilitation and Degradation Index 
The RDI scores for the three habitats at Mount Gibson were all relatively high (sand plain 79.45; eucalypt 
woodland 84.57; banded iron stone ridge 75.32), indicating the control and impact sites for each habit type had 
similar reptile assemblages. Interestingly, the scores for the sand plain and eucalypt sites for 2008 and 2011 are 
almost identical (Table 8). However, the composition of the fauna assemblage on the new impact sites on the 
sand plain has resulted in a higher assemblage composition parameter score but a compensatory lower 
ecological parameter score. As discussed earlier, the relatively low number of individuals caught on the impact 
and control ridges results in a high sampling error which translates into a less reliable RDI score. Or, when 
expressed another way, if the same sites were surveyed again in the following weeks, the RDI score is likely to 
be appreciably different when there is no change in the fauna assemblages. 

The RDI scores presented for the eucalypt woodland and sand plain sites are considered to be robust enough to 
act as baseline data for ongoing monitoring. If any of the impact or control sites were to change, then new 
baseline data will be required for comparative monitoring purposes.  

3.5 Timing of survey 
3.5.1 Number of animals caught 

The number of reptiles, and reptile species caught, is generally highest in the hottest months (December to 
February; Thompson and Thompson 2005), followed by spring then autumn and then winter. However, trap 
deaths due to hyperthermia are generally highest in the hottest months. Therefore, there is a trade-off between 
trapping a large and representative sample of the vertebrate fauna and the number of trap deaths.  

Daily maximum temperatures during the survey period were generally lower than the December average, 
compared with the 2008 survey, when the daily maximum temperatures were generally higher than the January 
average. Had the ambient temperature been hotter, then it was likely that more individuals would have been 
caught, and possibly more species recorded. 

Only a few hatchlings reptiles were caught in the traps during the December 2011 survey and most of these had 
only recently hatched. Many of these individuals will fall prey to other vertebrates or will not otherwise survive 
to reproduce, so their presence in the population is temporary.  

3.5.2 Trap deaths 

The number of animal deaths due to hyperthermia was low (~ 1%). This was almost certainly due to the mild 
weather conditions. Had the daily maximum temperatures been in the high 30s or low 40s, as can be 
experienced in December in the mid-west, then the number of traps deaths would have been higher.  

Vertebrates that die of hyperthermia in traps are mostly the ones that are caught after the traps have been cleared 
in the morning and before the surface temperature becomes too hot for them to be running around in unshaded 
areas. Once the ground temperature reaches an intolerable level for small reptiles, which is about 45oC, then 
activity in the unshaded areas ceases and few reptiles are caught in traps after this period until it cools later in 
the afternoon. The optimum time to clear traps in hot weather, and therefore to minimise trap deaths due to heat 
stress, is immediately before the surface soil temperature becomes intolerable for small reptiles. This results in 
all vertebrates that were caught during the previous afternoon and in the morning still having access to some 
shade in the buckets and pipes and they are removed from traps before the temperature in the traps exceeds the 
critical thermal maxima for most vertebrates. Clearing traps early in the morning often results in many of the 
individuals that were caught after the traps were cleared but before the surface temperatures reached critical 
thermal maxima dying in the traps. 
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3.5.3 Optimum survey period 

To minimise the number of hatchlings caught and trap deaths due to heat stress, it is suggested that future fauna 
monitoring surveys be undertaken in late spring (e.g. late October to November).  

3.6 Major Mitchell’s Cockatoo 

Major Mitchell’s Cockatoo has a geographic distribution that borders on the boundary of the wheat belt north of 
Southern Cross and extends to north of Geraldton. There are records of Major Mitchell’s Cockatoo throughout 
much of inland Western Australia as far north as Broome (Rowley and Chapman 1991). More recently, 
Johnstone and Storr (1998) indicated the southernmost geographical distribution of Major Mitchell’s Cockatoo 
in the vicinity of the wheat belt included a crescent shaped area north of Southern Cross to include Lake Moore 
and Lake Barlee.  

In August, breeding pairs begin regularly revisiting their fledge territories. The breeding season is late August 
and early September (Rowley and Chapman 1991). All 61 nests recorded by Rowley and Chapman (1991) were 
in Salmon Gums (E. salmonophloia).  

Major Mitchell’s Cockatoo were recorded in the Mount Gibson area by Prof Harry Recher (pers comm.), Hart, 
Simpson and Associates (2000), Dell (2001) and (Burbidge et al. 1989). They were not seen during the fauna 
survey of the area by ATA Environmental (2004) or during the first baseline vertebrate fauna monitoring survey 
undertaken in 2008 (Coffey Environments 2008). Burbidge et al. (1989) recorded them breeding in the area. 

Major Mitchell’s Cockatoo were seen on five occasions during the fauna survey. On all occasions they were 
seen over the eucalypt woodland, and in four of the five occasions it was a pair of birds. It is therefore possible 
that Major Mitchell’s Cockatoo are breeding in the large eucalypts in the general area. Rowley and Chapman 
(1991) reported a minimum distance of 1km between Major Mitchell’s Cockatoo nests with a mean of 2.7km. 
Major Mitchell’s Cockatoos form a monogamous relationship that persists throughout the year and from year-
to-year, unless one partner dies. Large flocks of Major Mitchell’s Cockatoo are rare. Most often a flock consists 
of 10-15 birds that will range over an area of about 300km2 (Rowley and Chapman 1991). 

3.7 Malleefowl 

A single Malleefowl was observed while driving to a fauna survey site one afternoon. Malleefowl are relatively 
abundant in the area and the mine monitors active mounds and birds sightings. 

3.8 Woolley’s Pseudantechinus (Pseudantechinus woolleyae) 
During the first vertebrate fauna monitoring survey in 2008 a single Woolley’s Pseudantechinus was caught in a 
pipe in the no longer used sand plain impact site. During the December 2011 survey, 13 individuals were caught 
on the control ridge. Three of these were juveniles indicating that they had bred in spring. It is likely that a more 
comprehensive survey of the control ridge would record many more individuals. Woolley’s Pseudantechinus 
was not caught on the control ridge during the first survey in 2008, indicating that their numbers have increased 
in this area in the last couple of years.  

Woolley (2008) reported that this Pseudantechinus is found in the arid Pilbara, Ashburton, Murchison and Little 
Sandy Desert regions, and it seems to favour rocky habitats with various vegetation associations. It was not 
recorded in Hart, Simpson and Associates (2000) survey of the area nor in surveys of Mount Gibson Sanctuary 
(July-December 2005) by Australian Wildlife Conservancy or a survey in August 2001 of Mount Gibson Station 
(Anom. 2001) or by Burbidge et al. (1989) in their survey of White Well which is further to the west on the sand 
plain. 

3.9 Perentie (Varanus giganteus) 
We have heard anecdotal reports of Perenties being seen on Ninghan Station, but their present has not been 
recorded during surveys by ATA Environmental (2004), Coffey Environments (2008), Hart Simpson and 
Associates (2000), Australian Wildlife Conservancy survey (Anom. 2005) or the survey of Mount Gibson 
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Station in August 2011 (Anom. 2001). Perenties are seldom abundant in eucalypt woodland, but are import 
predators in regulating ecosystems. If they are present in areas containing active Malleefowl mounds, then they 
may eat Malleefowl eggs and any newly hatched chick that they can catch. 

3.10 Unknown mammal 
The unknown mammal’s burrow was reported as it was unexpected in the area. The chamber at the end on the 
burrow was lined with fresh grass indicating that it was not a goanna burrow (e.g. V. gouldii, V. panoptes). The 
burrow entrance and burrow diameter were much too large to belong to a Notomys or Sminthopsis, yet too small 
and too short to belong to a rabbit (Oryctolagus cuniculus). Future surveys of the area may shed light on the 
mammal that dug the burrow. 

3.11 Newly recorded species 
Three species caught in the 2008 survey have had a change in nomenclature: Nephrurus milii is now 
Underwoodisauris milii; Egernia inornata is now Liopholis inornata; and Pseudonaja nuchalis is now 
Pseudonaja mengdeni. 

Two lizards, two snakes and a mammal were recorded for the survey area for the first time. The mine site is 
within the known geographic distribution of Ctenotus uber, Strophurus strophurus, Ramphotyphlops 
bituberculatus and Brachyurophis fasciolata, which were caught for the first time in the area. The single 
Notomys alexis that was caught in the new sand plain impact site was most interesting, as it was sympatric with 
N. mitchellii. None of these species had been recorded by ATA Environmental (2004), Coffey Environments 
(2008), Hart Simpson and Associates (2000), Australian Wildlife Conservancy survey (Anom. 2005), the survey 
of Mount Gibson Station in August 2011 (Anom. 2001) or the survey of White Well (Burbidge et al. 1989). 

3.12 Species not recorded 
The previous vertebrate fauna survey in 2008 (Coffey Environments 2008) recorded a number of species that 
were not recorded during this survey. Three Sminthopsis gilberti were caught in the old sand plain survey sites 
but were not recorded during this survey. This species may have had a localised population and moving the 
survey sites has resulted in them not being recorded in the current survey. It is of interest that three agamid 
lizards caught in the 2008 survey (i.e. C. cristatus, C. reticulatus and C. amphiboluroides) were not caught in 
the 2011 survey. Caimanops amphiboluroides is a sedentary arboreal species, and is generally only caught if 
traps are located within its relative small home range, so it is not surprising this species was not caught. 
Ctenophorus reticulatus is a burrowing dragon lizard with a small home range and is easily missed in surveys 
unless traps are located in its small home range, so it is not surprising that this species was not caught. 
Ctenophorus cristatus is a wide-foraging, medium sized terrestrial dragon lizard that was caught once in the 
ridge impact area, so it is not surprising that this species was not caught during the 2011 survey. 

Demansia psammophis and Furina ornata were caught on the impact ridge but were not caught in the 2011 
survey. Both of these species are in low abundance and are easily missed during a survey, particularly when 
only a limited number of funnel traps are deployed. A Lialis burtonis was caught in the eucalypt woodland 
control area in 2008 and none were caught in 2011. This is a terrestrial species that is often recorded near or in 
leaf litter or dense vegetation. Five Ramphotyphlops australis were caught in the eucalypt woodland in 2008 but 
none were caught in 2011. None of these absences from the survey data are surprising or indicate a significant 
change in the vertebrate fauna in impact or control sites. 

3.13 Appreciable difference in species relative abundance 
The number of M. musculus increased from three caught in 2008 to 56 caught in 2011. House mice numbers 
tend to fluctuate based on the resources available, so changes of this magnitude are expected. Appreciably more 
P. hermannsburgensis were caught in the eucalypt impact area than in 2008. Their numbers also fluctuate based 
on available resources and this variation is within the range expected. 

Appreciably more C. scutulatus were caught in 2008 than in 2011. Many of those caught in 2008 were 
hatchling/juveniles and would have been predated on before they became reproducing adults. In the 2008, a 
single A. stimsoni was caught on the control ridge. In 2011 a juvenile A. stimsoni was caught on the impact 
ridge, indicating that Stimson’s pythons are breeding in the area. It is likely that both ridges support a small 
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population of Stimson’s pythons. These nocturnal pythons may infrequently be seen in the mining area. 
Ctenotus severus appeared more abundant in the old sand plain impact sites than in the new ones. Only two 
Lerista gerrardii were caught in 2008, both in eucalypt control sites but 30 were caught in 2011 and they were 
caught in all areas. It is difficult to explain this variation. 
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4 SUMMARY AND RECOMMENDATIONS  

4.1 Summary 
Impact sites in the eucalypt woodland were selected to be close to the boundary of the large waste dump that 
will eventually be built in the area. Currently, the eucalypt impact and control sites are relatively undisturbed, so 
until the area is impacted, surveys in this area will continue to collect baseline data. The new impact survey sites 
on the sand plain will be near infrastructure that will be constructed by EH in the near future. Until this occurs, 
future surveys will record baseline data.  

Mining hematite has commenced in an area adjacent to the ridge impact sites. There was no obvious or 
detectable change in the vertebrate fauna on the impact ridge sites, however, Woolley’s Pseudantechinus is now 
present on the control ridge. As indicated above, it will be difficult to detect any changes in vertebrate fauna on 
the impact ridge due to the small number of individuals able to be trapped. It is likely that vertebrate fauna 
species and abundance on the ridges is lower than on the sand plain and in the eucalypt woodland but higher 
than the trapping data indicate, but the use of funnel traps on a rocky and uneven surface and aluminium box 
traps is unlikely to provide an adequate representation of the small trappable fauna in the area.  

RDI scores for the sand plain and the eucalypt woodland are very similar to those calculated in 2008. The RDI 
score calculated for the ridge is likely to be unreliable due to the low number of individuals caught.  

4.2 Future vertebrate assemblage monitoring program 
The survey protocol deployed was successful in collecting sufficient data to calculate robust RDI scores for the 
potential impact sites on the sand plain and the eucalypt woodland. Differences in the trapped fauna 
assemblages between 2008 and 2011 were, as might be anticipated, in the context of seasonal and year-to-year 
variations in the vertebrate fauna assemblages. The same survey sites and similar protocols should be used for 
future surveys in these two habitats. However, future surveys should be undertaken in late spring (e.g. late 
October or November) to minimise trap deaths due to heat stress and to minimise the number of hatchlings that 
are caught, and traps should be cleared before the surface substrate temperature reaches the critical thermal 
maxima for small reptiles.  

Recommendations: 

• The terrestrial fauna survey protocols used in this survey for the sand plain and the eucalypt woodland 
should be used for future surveys in these habitat types. 

• Future surveys should be undertaken in late spring (e.g. late October or November). 
• Traps should cleared before, and as close as possible to when the surface soil temperature reaches a 

temperature intolerable to most reptiles. This will mean that the start time will be adjusted daily 
according to ambient conditions and how long it takes to clear all traps. 

All trapping sites have been closed and left in situ as permanent monitoring sites. The lids on the traps should be 
checked at least annually as they can be stepped on by animals (e.g. kangaroos, emus), pulled off by dogs or 
goannas in search of moisture or following a smell, or washed off after heavy rain. PVC bucket lids, although 
UV resistant, will deteriorate if exposed to solar radiation. This check should be completed at the end of winter 
before the weather warms up and the fauna become more active. Some bucket lids will need to be replaced after 
the next survey.  

Recommendations: 

• Lids on all traps are checked at least annually at the end of winter. 
• Provision is made to replace some of PVC bucket lids at the conclusion of the next survey. 

Lids on pipe pit traps are made of tin. They will eventually rust and the lids will collapse forming a permanent 
pit trap. These lids should be changed every 4 – 6 years. 

Recommendation: 

• Lids on all pipe pit-traps that are showing signs of rust are replaced after the next survey. 
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The number of species and number of individual vertebrates trapped on the control and impact sites on the 
banded iron stone ridge sites was low. As a consequence the RDI scores are susceptible to sampling error that 
may not reflect actual changes in the fauna assemblage. If there is a compelling reason for obtaining RDI scores 
for monitoring purposes for this area, then it is recommended that pit-traps are dug in on the ridges. It needs to 
be appreciated that the number of species and relative abundance of species on the ridge is probably much lower 
than that in the eucalypt woodland and the sand plain, and a comparable number of individuals will never be 
caught on the two ridges with these other sites with the same trapping effort. This suggested solution will 
increase the robustness of the RDI scores, but probably not to the level of the other two habitats. 

Recommendation: 

• Pit traps and funnel traps are installed and used on future surveys on the banded iron stone ridge 
control and impact sites. They should be set up in the similar format to those on the sand plain and 
eucalypt sites.  

 

 
 



 
 

5 REFERENCES 
Anom. 2001. Mt Gibson Station Vertebrate Trapping Survey. 
Anom. 2005. Mt Gibson Sanctuary. 
ATA Environmental. 2004. Fauna Assessment Mount Gibson. Perth. 
Bennett Environmental Consulting. 2000. Flora and Vegetation of Mt Gibson. Unpublished report for Mt 

Gibson Iron Ltd, Perth. 
Burbidge, A. A., K. W. Dixon, and P. J. Fuller. 1989. The Flora and Fauna of vacant Crown land at White 

Well, Shire of Dalwallinu, Western Australia. Department of Conservation and Land Management, 
Perth. 

Coffey Environments. 2008. Baseline Terrestrial Vertebrate Fauna Assessment Results for Mount Gibson. 
Perth. 

Cowan, M. A. and R. A. How. 2004. Comparisons of ground vertebrate assemblages in arid Western 
Australia in different seasons and decades. Records of the Western Australian Museum 22:91-100. 

Dell, J. 2001. The birds of Mount Gibson Station. Mt Gibson Biological Survey August 2011, Perth. 
Hart Simpson and Associates. 2000. Mt Gibson Iron Pellet Project. Fauna Survey. Perth. 
Hayek, L. C. and M. A. Buzas. 1997. SHE analysis: An integrated approach to the analysis of forest 

biodiversity.in F. Dallmeier and J. A. Comiskey, editors. Forest biodiversity measuring and 
monitoring. Smithsonian Institute Press, Washington DC. 

Johnstone, R. E. and G. M. Storr. 1998. Handbook of Western Australian Birds. Volume 1 - Non-Passerines 
(Emu to Dollarbird). Western Australian Museum, Perth. 

Kempton, R. A. 1979. The structure of species abundance and measurement of diversity. Biometrics 35:307-
322. 

Magurran, A. E. 1988. Ecological Diversity and Its Measurement. Princeton University Press, Princeton, 
New Jersey. 

Magurran, A. E. 2004. Measuring Biological Diversity. Blackwell, Oxford. 
Moreno, C. E. and G. Halffter. 2000. Assessing the completeness of bat biodiversity inventories using 

species accumulation curves. Journal of Applied Ecology 37:149-158. 
Pisces Conservation Ltd. 2010. Species diversity and richness II. Pisces Conservation Ltd, England. 
Rowley, I. and G. Chapman. 1991. The breeding biology, food, social organisation, demography and 

conservation of the Major Mitchell or Pink Cockatoo, Cacatus leadbeateri, on the margin of the 
Western Australian wheatbelt. Australian Journal of Zoology 39:211-261. 

Sherrod, P. H. 2001. Nonlinear Regression Analysis Program. Brentwood, Tennessee. 
Smith, B. and J. B. Wilson. 1996. A consumer's guide to evenness measures. Oikos 76:70-82. 
Soberón, J. and J. Llorente. 1993. The use of species accumulation functions for the prediction of species 

richness. Conservation Biology 7:480-488. 
Thompson, G. G. and S. A. Thompson. 2007a. Usefulness of funnel traps in catching small reptiles and 

mammals, with comments on the effectiveness of the alternatives? Wildlife Research 34:491-497. 
Thompson, G. G. and S. A. Thompson. 2007b. Using species accumulation curves to estimate trapping effort 

in fauna surveys and species richness. Austral Ecology 32:564-569. 
Thompson, G. G. and S. A. Thompson. 2008. Spatial variability in terrestrial fauna surveys; a case study 

from the goldfields of Western Australia. Journal of the Royal Society of Western Australia 91:219-
228. 

Thompson, G. G., S. A. Thompson, P. C. Withers, and J. Fraser. 2007a. Determining adequate trapping 
effort and species richness using species accumulation curves for environmental impact 
assessments. Austral Ecology 32:570-580. 

Thompson, G. G., S. A. Thompson, P. C. Withers, and E. R. Pianka. 2003a. Diversity and abundance of pit-
trapped reptiles in Australian arid and mesic habitats: Biodiversity for environmental impact 
assessments. Pacific Conservation Biology 9:120-135. 

Thompson, G. G., P. C. Withers, E. R. Pianka, and S. A. Thompson. 2003b. Assessing biodiversity with 
species accumulation curves; inventories of small reptiles by pit-trapping in Western Australia. 
Austral Ecology 28:361-383. 

Thompson, S. A. and G. G. Thompson. 2005. Temporal variation in reptile assemblages in the Goldfields of 
Western Australia. Journal of the Royal Society of Western Australia 88:25-36. 

Thompson, S. A., G. G. Thompson, and P. C. Withers. 2007b. Rehabilitation index for evaluating restoration 
of terrestrial ecosystems using the reptile assemblage as the bio-indicator. Ecological Indicators 
8:530-549. 

Wolda, H. 1981. Similarity indices, sample size and diversity. Oecologia 50:296-302. 



 
 

Woolley, P. A. 2008. Woolley's Pseudantechinus. Pages 76-77 in S. Van Dyck and R. Strahan, editors. The 
Mammals of Australia. Reed New Holland, Sydney. 



I n d i a n

O c e a n

Northampton

Mingenew

Carnamah

Perenjori

Eneabba

Leeman

Jurien

Cervantes

Lancelin

Ledge Point

Wongan Hills

Dowerin

Goomalling

Meckering

Toodyay

Wundowie

Guilderton Gingin

YORK

NORTHAM

MOORA

DONGARA

GERALDTON

PERTH

Narngulu

Great

N
or

th
er

n

Highway

B
rand

H
ighw

ay

Great

Eastern

Highway

Tathra

Three
Springs

Mullewa

Morawa

N
0 20 40 60 80

SCALE  1 : 1 750 000 at A4 (MGA)

100km

20
11

-0
03

2-
f0

1.
dg

n
P

IN
P

O
IN

T 
C

A
R

TO
G

R
A

P
H

IC
S

  (
08

) 9
56

2 
71

36

SITE
LOCATION

Figure 1

Job: 2011-0032Drawn: G. Thompson Date: 6 Feb 2012

Mount Gibson Iron Ltd and Extension Hill Pty Ltd
FAUNA MONITORING
EXTENSION HILL

REGIONAL LOCATION



Legend

20
11

-0
03

2-
f0

2.
dg

n
P

IN
P

O
IN

T 
C

A
R

TO
G

R
A

P
H

IC
S

  (
08

) 9
56

2 
71

36

N

Figure 2

Job: 2011-0032Drawn: G. Thompson

0 400 600 800200 1000m

SCALE  1 : 30 000 at A3 (MGA)

Project Layout

Hematite Mine Infrastructure

Fauna Survey Site

E1E1

E2E2

E3E3

E4E4

E5E5

E6E6

E7E7

E8E8

E9E9

E10E10

S1S1 S2S2
S3S3 S4S4 S5S5

S6S6

S7S7

S8S8
S9S9

S10S10

H21H21

H22H22
H23H23

H24H24

H25H25

H26H26

H27H27

H28H28
H29H29

H30H30

H31H31

H32H32
H33H33

H34H34
H35H35

H36H36

H37H37
H38H38

H39H39

H40H40

H1H1
H2H2

H3H3 H4H4

H5H5 H6H6

H7H7

H8H8
H9H9

H10H10

H11H11
H12H12

H13H13

H14H14

H15H15
H16H16

H17H17
H18H18

H19H19

H20H20

Date: 7 Feb 2012

Mount Gibson Iron Ltd and Extension Hill Pty Ltd
FAUNA MONITORING
EXTENSION HILL

EXTENSION HILL VERTEBRATE FAUNA
MONITORING SITES

Co-located Waste Dump/Co-located Waste Dump/
Dry Tailings Storage FacilityDry Tailings Storage Facility

Proposed Deviation ofProposed Deviation of
Great Northern HighwayGreat Northern Highway

Hematite PlantHematite Plant
& Infrastructure& Infrastructure

ServiceService
CorridorCorridor

Extension HillExtension Hill
PitPit

ROMROM
PadPad

CampCamp
AreaArea

ProposedProposed
AirstripAirstrip

See Inset 2See Inset 2
for Detailfor Detail

See Inset 1See Inset 1
for Detailfor Detail

INSET 1INSET 1

INSET 2INSET 2

6 725 000mN6 725 000mN

6 727 500mN6 727 500mN

51
0 

00
0m

E
51

0 
00

0m
E

51
2 

50
0m

E
51

2 
50

0m
E

51
5 

00
0m

E
51

5 
00

0m
E

51
7 

50
0m

E
51

7 
50

0m
E



 
 

 

 

 

 

 

 

 

 

Appendix A 

Article that explains the Rehabilitation and 
Degradation Index and how it is calculated 
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Rehabilitation index for evaluating restoration of terrestrial
ecosystems using the reptile assemblage as the bio-indicator
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1. Introduction

The rehabilitation objective for most mine sites and other

large-scale landscape disturbance projects is to restore biotic

integrity to a disturbed area. Biotic integrity is defined here as

the ability of an ecosystem to support and maintain ‘‘a balanced,

integrated, adaptive community of organisms having a species

composition, diversity and functional organization comparable

to that of the natural habitat of the region’’ (Karr, 1981).

1.1. Bio-indicators

To fully understand an ecosystem it is necessary to under-

stand the community and how all of its organisms interact

among themselves and the abiotic parameters of the habitat.

In most circumstances this information is not available and

prohibitively expensive to collect. Bio-indicators are used as a

proxy for measuring every aspect of the ecosystem. Intuitively

it seems obvious that within a developing ecosystem, some

species are sufficiently similar, that the inclusion of both adds

redundancy to the bio-indicator. However, in the absence of

this information it is not possible to distinguish which species

are redundant. So what then are some of the useful indicators?

Within a developing ecosystem there are a number of

functional levels. These may include the physical and

chemical properties of the environment. The next are trophic

levels, with the first being the producers (e.g. vegetation), then

the consumers of the producers or their products (e.g. primary
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We developed an index to quantify rehabilitation success for terrestrial environments using

data on reptile assemblages from five rehabilitated mine site waste dumps and adjacent

undisturbed areas. It is based on the multi-metric principles of the index of biotic integrity

(IBI). This rehabilitation and degradation index (RDI) is a quantitative measure of the extent

to which the reptile assemblage in a rehabilitated site resembles that in an analogue site. It

utilises a combination of diversity, assemblage composition and ecological parameters.

Each of these parameters is further sub-divided and an overall weighted score out of 100 can

be calculated for a disturbed area. This index can also be used to quantify the impact of

grazing, feral predators or noise and dust on functional terrestrial ecosystems. Data from

the Western Australian goldfields are used to explain the calculations necessary to achieve

an RDI score.

# 2007 Elsevier Ltd. All rights reserved.

* Corresponding author. Tel.: +61 8 9385 2398.
E-mail addresses: scott_thompson@coffey.com.au (S.A. Thompson), g.thompson@ecu.edu.au (G.G. Thompson),

pwithers@cyllene.uwa.edu.au (P.C. Withers).

avai lable at www.sc iencedi rec t .com

journal homepage: www.e lsev ier .com/ locate /ecol ind

1470-160X/$ – see front matter # 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ecolind.2007.07.001



Author's personal copy

consumers). Then there are those that consume consumers,

and this group includes secondary and tertiary consumers. In

addition there are the detritivores and the decomposers which

function to break down the remains of various organisms and

recycle the nutrients. Although this structuring of the

ecosystem is overly simplified and to some extent arbitrary,

it makes the point that to have the full suite of secondary and

tertiary consumers in a developing ecosystem, then the

appropriate prey must be present, which in turn requires

the appropriate vegetation be in place, which requires the

appropriate physical and chemical properties be in place. To

have the full suite of secondary and tertiary consumers

therefore requires most, if not all of the elements of the lower

trophic levels to be functional. If the full suite of secondary and

tertiary consumers are present, it is probably reasonable to

assume there is a functional ecosystem present.

We have presumed that the primary objective of the

rehabilitation program is to create a self-sustaining, func-

tional ecosystem, similar to that which would have existed

prior to a disturbance such as mining. In this circumstance it is

often appropriate to use an undisturbed habitat either

adjacent to the rehabilitated area or nearby as the analogue

site for comparison purposes.

Karr (1987) in discussing the conceptual framework for

biological monitoring indicated two of the most common errors

were the use of single species and species diversity indices by

themselves. He went on to suggest that ‘ecological guilds’ were

better bio-indicators but this approach also had weaknesses.

He concluded that the best long-term approach was to develop

a suite of metrics that reflect individual, population, commu-

nity and ecosystem attributes in an integrative framework.

Karr and his colleagues (Angermeier and Karr, 1986; Fausch

et al., 1984; Karr, 1977, 1981, 1987; Karr et al., 1987) developed

the index of biotic integrity (IBI) to measure the extent of

freshwater stream degradation. The IBI uses 12 metrics of the

fish community to assess biotic integrity of an ecosystem; six

are attributes linked with species richness, three are based on

trophic composition and three are based on attributes of

abundance and individual condition (Karr et al., 1986).

Since changes in habitat (e.g. degradation or rehabilitation)

are likely to impact on species, taxonomic groups and guilds

differently then a diverse range of species that occupy various

niches makes for a better bio-indicator of habitat change (Hilty

and Merenlender, 2000). It is for this reason that single or

keystone species are seldom an adequate indicator.

Karr et al.’s IBI and variations on the theme have

subsequently been used in a variety of aquatic habitats

(Breine et al., 2004; Butcher et al., 2003; Simon et al., 2000) and

in a modified form in terrestrial environments where taxa

other than fish have been used, including invertebrates

(Bisevac and Majer, 1999; Nakamura et al., 2003) and birds

(Bradford et al., 1998; O’Connell et al., 1998, 2000; Glennon and

Porter, 2005). Karr et al. (1986) explains that the ‘strength of the

IBI is its ability to integrate information from individual,

population, community, zoogeographic and ecosystem levels

into a single ecologically based index’.

We selected reptiles as the bio-indicator taxon because

they:

� have high species richness across Australia;

� are easily sampled and identified;

� are readily identified by field ecologists compared with

mammals or invertebrates;

� generally have defined activity areas;

� generally have relatively long life spans enabling recoloni-

sation in disturbed areas;

� have a complex and diverse community structure based on

dietary requirements, activity period, habitat requirements

and predatory strategies and;

� have a range of body sizes (Thompson and Thompson,

2005).

We also have a good knowledge of reptile assemblage

structure in semi-arid and arid Australia (Thompson et al.,

2003). We considered adding small mammals and amphi-

bians to the index. However, for arid and semi-arid

Australian habitats, small mammals are mostly nocturnal,

have low species richness, can be difficult to identify in the

field, are mostly widely foraging and their numbers fluctuate

based on environmental factors such as rainfall. Although

plentiful in arid and semi-arid environments, amphibians

are difficult to sample as they only become surface-active

after heavy rain. Birds could have been used but rehabilita-

tion sites are generally small (<50 ha) and birds being very

mobile could visit rehabilitated areas during their foraging

but not be dependent on these sites. Many are also

migratory or shift around arid and semi-arid areas based

on local conditions which are often driven by rainfall. These

attributes detracted from using mammals, amphibians and

birds as a robust bio-indicator, so we developed the index

using reptiles.

1.2. Rehabilitation and degradation index

The rehabilitation and degradation index (RDI) that we have

developed assesses the extent to which a rehabilitated or

disturbed area has progressed toward the creation of a

functional ecosystem similar to that in an undisturbed area.

The approach adopted here was based on the assumption

that the full suite of terrestrial fauna in the adjacent

undisturbed area will recolonise the rehabilitated or

disturbed site if the chemical and physical parameters

and the vegetation in that site are suitable, presuming

there are suitable interfaces (corridors) between the undis-

turbed and the rehabilitated site through which the fauna

can move. Below we describe the components and cal-

culations necessary to obtain a RDI score for a particular

site. We use a rehabilitated mine site waste dump in the Ora

Banda region of Western Australia (WA) as an example to

illustrate how to calculate a RDI for a particular site (see

Appendix A).

Three broad parameters are used in the RDI; diversity,

species composition and ecological groups. Each of these

parameters is divided into sub-parameters. The parameters

chosen are measurable attributes of the reptile assemblage.

The sub-parameter scores are summed to provide a single

score between zero (a totally degraded ecosystem) and the

highest possible score of 100, which represents a natural, self-

sustaining, functional ecosystem equivalent to that in the

undisturbed area.
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2. Methods

2.1. Study sites

We sampled communities of reptiles at five rehabilitated mine

site waste dumps (Gimlet, Golden Arrow, Palace, Rose and

Wendy Gully) and the adjacent ‘undisturbed’ areas, plus

another five ‘undisturbed’ areas (Salmon Gums, Spinifex,

Davyhurst, Security and Crossroads) in the gold mining region

of Ora Banda (308 270 S, 1218 40 E; approximately 50 km north of

Kalgoorlie, WA). Undisturbed areas were relatively intact with

no obvious changes to the soils or vegetation and it was

presumed that the reptile assemblages in these areas had been

largely unaffected by any minor anthropogenic disturbance

impacts to the area. Rehabilitation had been in place at the

commencement of this project (June 2000) at Wendy Gully for 3

years, Palace for 4 years, Rose for 7 years, and Gimlet for 8

years. At Golden Arrow there was a two-stage rehabilitation;

rehabilitation on the top of the waste dump was there for 5

years and on the sides for 9 years. Natural sites that were only

separated from the waste dump by a vehicle track were

surveyed as undisturbed sites. Five undisturbed areas not

adjacent to a waste dump were also included in our analysis

of; (a) the maximum practical index score; and (b) a target

score (see Section 2).

Ora Banda lies on Archaen granites that underlie lateritic

gravel soils. The vegetation in the region was heterogenous,

ranging from Eucalypt-Casuarina-Mulga woodlands inter-

spersed with Acacia, to sparsely distributed spinifex (Triodia

spp.) and shrubs (Acacia spp.) to dense shrubs (Acacia spp.,

Atriplex spp., Allocasuarina spp.). The 10 undisturbed areas

were located in different habitats based on major vegetation

types identified for the area by Mattiske Consulting (1995).

Each site was a homogenous habitat type (i.e., it did not

incorporate multiple habitat types).

2.2. Data collection

Field survey data were collected over a period of 2 years to

develop the RDI and for another three additional January

surveys to monitor rehabilitation progress. All sites other than

Golden Arrow were pit-trapped on 13 occasions between

September 2000 and January 2006 (September and December

in 2000; January, April, June, September and December in 2001;

January, April and June in 2002 to develop the RDI and then

again in January 2003, 2004 and 2006 to monitor rehabilitation

progress) using alternating 20 L PVC buckets and 150 mm PVC

pipes (600 mm deep) joined by 250 mm high � 30 m long fly-

wire drift fences. Golden Arrow was added to the survey

program in September 2001 and was included in all sub-

sequent surveys. Each undisturbed site had eight rows of six

pit-traps that were joined by a drift fence (a line). On waste

dumps there were six lines on the side of the waste dump and

six lines on the top of the waste dump. All pit-traps were dug in

during June–July 2000 (except Golden Arrow, which was dug in,

during June 2001) to minimise potential digging-in effects on

reptile capture rates. For the surveys from September 2000

until January 2003, each pit-trap was opened for 7 days and pit-

traps were cleared daily. For the January 2004 and 2006

surveys, six funnel traps (800 mm � 200 mm � 200 mm, with a

funnel at each end) were placed along each drift fence and all

traps were left open for 14 days to increase the survey effort as

it became evident that a high trapping effort was important to

obtain robust RDI scores (see Section 3). The difference in

trapping effort on waste dumps compared with the adjacent

undisturbed areas can be adjusted for in the calculations.

2.3. RDI analysis

Fox (1982) and Fox and Fox (1984) reported that densities for

early colonisers were generally higher in the early stages of

succession than when the ecosystem had matured. Therefore,

our RDI is structured to measure deviation for each parameter

or sub-parameter from the undisturbed value, be it lower or

higher. If the waste dump had the same reptile assemblage as

the adjacent undisturbed area, then each site would con-

tribute 50% of the total captures for the combined area, both

sites would have the same diversity and evenness scores for

the same trapping effort, and they would have a similarity

score of 1. The greater the deviation between the rehabilitated

and adjacent undisturbed area, the less the rehabilitated area

resembled the adjacent undisturbed area. In our RDI this

deviation is converted to a percentage. The relative difference

between the rehabilitated site and the adjacent undisturbed

area for each sub-parameter shows the extent to which this

rehabilitated site is similar to (or deviated from) the adjacent

undisturbed area. The formula used to calculate the difference

between a rehabilitated site and adjacent undisturbed area for

each sub-parameter as a percentage is:

Relative score

¼ 100� 2� ABS 50� rehab
undistþ rehab

� �
� 100

� �� �� �
(1)

where rehab = sub-parameter score for the rehabilitation site

(i.e., evenness, Log series diversity or SR score), undist = score

for the undisturbed area (i.e., evenness, Log series diversity or

species richness score), and ABS = absolute values (all values

are converted to a positive).

2.4. Diversity parameter

The diversity parameter consists of four sub-parameters:

species richness, Log series diversity, similarity and evenness.

It is appreciated that there is some interdependence among

these measures, however, they are sufficiently different for

each to make a significant contribution to the RDI score. The

method for calculating each of these scores is described below.

2.5. Species richness

Absolute species richness is rarely if ever known for a faunal

community (Gotelli and Graves, 1996; Rodda et al., 2001), so we

need an acceptable proxy for species richness in the RDI.

Species richness (S) calculated from rarefaction curves (SR)

was used to compare S between the disturbed (with a

smaller sample size) and undisturbed (with a larger sample

size) areas. Rarefaction calculates the expected number of

species in each sample, if samples were of a standard size
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(Gotelli and Graves, 1996). Rarefaction is based on the shape of

the species abundance curve rather than the absolute number

of individuals per sample. A line of best fit was plotted through

the rarefied data for the undisturbed area using the Beta-P

non-linear regression model (Thompson et al., 2003). The SR

for the undisturbed area was calculated using the total

number of individuals caught for the rehabilitated area (see

Fig. 1) as the measure of effort. In our examples, species

richness for a given trapping effort was always higher in the

undisturbed area than the rehabilitated area. However, should

the number of individuals caught in the rehabilitated area

exceed that in the adjacent undisturbed area, the lower value

for the undisturbed area is used when assessing relative

species richness in the two sites.

The reptile assemblage in the undisturbed area was ranked

from those species with the highest abundance to those with

the lowest abundance, and rarefied using EcoSim Software

(http://www.worldagroforestrycentre.org/sites/RSU/

resources/biodiversity/software/EcoSim.asp). The default ran-

domisation algorithm with independent sampling was set at

100 iterations (Gotelli and Entsminger, 2001). The formula for

the Beta-P non-linear regression model to calculate a curved

line of best fit through the data is:

Beta-P non-linear model ¼ a� 1� 1þ
c

� �d
� ��b

 !
(2)

where a = asymptote or total number of species (S), b = rate of

accumulation, c = scaling factor for the x-intercept, d = index

for shape of the function; and # = number of individuals cap-

tured (Thompson et al., 2003).

Using the maximum number of individuals caught on the

waste dump and reading off the number of species for this

number of individuals on the rarefied curve for the undis-

turbed area enables a direct comparison to be made between

the number of species likely to be caught in the undisturbed

and waste dump areas for the same number of individuals

caught. This relative species richness score for the undis-

turbed area and the actual species richness score for the waste

dump are then inserted into Eq. (1) to calculate a relative

species richness index score.

2.6. Log series diversity

Log series diversity was used to compare the diversity in

rehabilitated sites with the adjacent undisturbed areas

because it has good discriminating ability, low sensitivity to

sample size and is simple to calculate (Kempton and Taylor,

1974; Magurran, 1988). Its low sensitivity to sample size is a

result of its greater dependence on the number of species of

intermediate abundance and is therefore relatively unaffected

by rare or very common species (Magurran, 1988).

The Log series diversity scores for the waste dump and

adjacent undisturbed area were calculated using the proce-

dure described in Magurran (1988; p. 132–135). The relative

score for the waste dump compared with the adjacent

undisturbed area for Log series diversity was calculated using

Eq. (1).

2.7. Similarity

Morisita–Horn similarity scores were used to compare the

similarity of reptile assemblages between waste dumps and

adjacent undisturbed areas. The Morisita–Horn similarity

index (CmH) is a quantitative similarity index (Magurran,

1988) and was selected because it is not strongly influenced by

species richness or sample size (Wolda, 1981), and was

recommended by Magurran (1988). The Morisita–Horn simi-

larity index was calculated using EstimateS software (Colwell,

R.; http://viceroy.eeb.uconn.edu/EstimateS).

2.8. Evenness

Evenness (E) of a population was used as another measure of

diversity since it describes the extent to which individuals are

equally partitioned among all species. If the evenness score for

a site is 1, then each species makes up an equal proportion

of the assemblage (i.e., equal abundance of each species;

Magurran, 1988).

The score for the waste dump compared with the adjacent

undisturbed area for evenness is then calculated using Eq. (1).

Equal weightings (25%) were applied to each of the four sub-

parameters then added to calculate a score out of 100 for the

diversity parameter.

2.9. Assemblage composition

The ‘assemblage composition’ compares the number of

individuals in each taxa (e.g. for our example the number of

agamids, geckos, pygopods, skinks, varanids, scolecophidians

and elapids found on the waste dump with the adjacent

undisturbed area). We refer to these as ‘taxonomic groups’.

Each of these taxonomic groups was considered a sub-

parameter of the assemblage composition parameter. If the

relative abundance for each taxonomic group was similar for

the waste dump and the adjacent undisturbed area, then the

waste dump could be considered approaching an advanced

stage in the development of an ecosystem similar to the

adjacent undisturbed area.

If the trapping effort on the rehabilitated area and the

undisturbed area differ, then the number of individuals used

in the calculation of the assemblage composition and

Fig. 1 – Species richness calculated from the relationship

between the abundance at the example waste dump and

the expected species richness for the adjacent undisturbed

area.
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ecological parameters needs to be adjusted to reflect this

difference. This is done using the proportion of trap effort on

the waste dump and the undisturbed area (i.e., adjusted

abundance on the waste dump = actual abundance on the

waste dump � trapping effort on undisturbed area/trapping

effort on waste dump).

The relative score for the waste dump compared with the

adjacent undisturbed area for each taxonomic group was then

calculated using Eq. (1).

Different weightings are applied to each of these sub-

parameters because each taxonomic group is not equally

represented in the reptile assemblage in each undisturbed

area. The weightings were calculated based on the relative

proportion that each taxonomic group represents in the

undisturbed area. For example, if 5% of all reptiles captured on

the undisturbed area were agamids, then agamids would be

weighted as 5% of the total.

2.10. Ecological parameter

The niche structure for an assemblage of reptiles can be

partitioned in at least three basic ways; temporally, spatially

and trophically (Pianka, 1973). A difference among species in

activity period, use of space and dietary preference reduces

competition and presumably allows the coexistence of a

variety of species (MacArthur, 1972; Pianka, 1973, 2000). If the

ecological groups were similarly proportioned for the waste

dump and the adjacent undisturbed area, then the waste

dump could be considered adequately rehabilitated in terms of

reptile ecological assemblage structure.

The ecological parameter compares how reptile assem-

blages in rehabilitated areas and the adjacent undisturbed

areas are segregated into these niches. The ecological sub-

parameters are dietary preference, dietary specialists, habitat

preference, predatory strategy and activity period. Each sub-

parameter is further divided into categories [dietary prefer-

ence—O, predominantly omnivore; C, predominantly verte-

brate carnivore; and I, predominantly invertivore (a species

that predominantly eats invertebrates); habitat preference—

predominantly terrestrial, T; predominantly arboreal, A; and

predominantly fossorial, F; predatory strategy—predomi-

nantly sit-and-wait predator, S; predominantly active forager,

A; and predominantly widely foraging reptile, W; activity

period—predominantly nocturnal, N; and predominantly

diurnal, D]. The categories selected for each species are based

on a search of the literature, our on-site observations, and

personal communication with an expert panel. Occasionally

multiple preferences are presented in the literature, some of

which may reflect geographic variation. In these circum-

stances we chose the most common or took advice from an

expert panel. We defined an active-foraging species as a

species that forages over a large search area looking for

dispersed food sources (e.g. Varanus gouldii). A widely-foraging

reptile was defined as a species that forages for a concentrated

food source and then stays at the site of this food source for a

period of time (e.g. Moloch horridus eating ants). A sit-and-wait

predator does not move around searching for prey but waits in

ambush for its prey to come past.

Species are assigned to a category in each sub-parameter

based on adult species behaviour. It is acknowledged that

some of these categories are somewhat artificial as there is

likely to be an overlap as some species will fit into more than

one category; for example, see Perry (1999) for discussion on

predatory strategies.

After adjusting for the different trapping effort on the

rehabilitated waste dump and the adjacent undisturbed area

the relative score for the waste dump compared with the

adjacent undisturbed area for each category was calculated

using Eq. (1). Each sub-parameter was given an equal

weighting, as was each category score within each sub-

parameter. These weighted scores were summed to provide

the ecological parameter score for the waste dump.

2.11. Parameter weightings and RDI calculations

The diversity, assemblage composition and ecological para-

meters were weighted differently to calculate the final RDI

score. The weights were determined so that the RDI score had

minimum variance for ‘identical’ undisturbed sites. The

parameter weightings for diversity, taxonomic and ecological

groups in our example were calculated by comparing two

hypothetical ‘near identical’ sites. Data sets for the ‘near

identical’ sites were obtained by sub-sampling each of the 10

undisturbed areas surveyed at Ora Banda between 2000 and

2002. Captures from each undisturbed area were divided into

two sub-areas (lines 1, 3, 5, 7; and lines 2, 4, 6, 8) for the 2 year

survey period. Sub-sampling from the same pit-trapping grid

was considered the most similar that any two data sets could

be in the Ora Banda area.

A minimum variance model between the overall scores

for the 20 sub-sampled undisturbed areas was used to

calculate the most appropriate weightings for each para-

meter. An RDI score was calculated for each sub-sampled

undisturbed area (i.e., odds versus evens, and evens versus

odds; n = 20) for all possible combinations (i.e., 4851) of

different weightings for each of the three parameters (i.e.,

weightings of 1,1,98; 1,2,97; 1,3,96, etc.) for the 20 sub-

sampled undisturbed areas. These were ranked and the

mean weightings for the 50 combinations with lowest

variance calculated. Fifty combinations were chosen, as

there were only minimal differences in variance for many

different combinations. The mean weightings that resulted

in the minimum variance for the sub-sampled undisturbed

areas were 32 for the diversity parameter, 43 for the

assemblage composition parameter, and 25 for the ecological

parameter. These weightings when multiplied by the

parameter score optimised the RDI score for the rehabili-

tated site. These weightings have been used in all further

calculations of RDI scores.

2.12. Target RDI score

A score of 100 for a rehabilitated waste dump, although ideal,

is unlikely. Even if the reptile assemblage on the waste dump

was a perfect replica of the adjacent undisturbed area, pit-

trapping data for the two sites are unlikely to be identical due

to sampling error, and a range of other variables. As a

consequence a target score of 100 for a waste dump is an

unreasonable expectation but what is a reasonable target

score?
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Complete rehabilitation of a waste dump is likely to take

many years, possibly decades or even longer. The ultimate

goal is to identify when land managers can be relieved of

their environmental obligations to the site, knowing that

with time and natural processes, the rehabilitated area will

eventually become a near-natural, self-sustaining, func-

tional ecosystem similar to that in the adjacent undisturbed

area. This is a judgement decision, and science can only

provide the information to be used as a basis for making this

judgement. What follows is a rationale for a practical target

RDI score for a rehabilitated area. This is a level that when

achieved requires no further intervention by land managers

and the rehabilitated areas will continue to progress towards

a functional ecosystem similar to that in the adjacent

undisturbed area.

To develop a target score, each of the 10 homogenous

undisturbed biotopes was sub-divided into two sampling

areas (as used when calculating a weighting for each

parameter). One was called the ‘undisturbed area’ and the

other the ‘rehabilitation area’, and RDI scores were calcu-

lated for each. The designation of each of the two sampling

areas was then reversed and RDI scores calculated for the

other 10 sites, providing RDI scores for 20 sites compared

with their ‘identical’ neighbour. These are the maximum

scores likely to be achieved with the sampling effort we

employed.

The mean RDI score for the 20 ‘rehabilitation sites’ was

86.5 � S.E. 0.91. This suggests that when an undisturbed area

was sub-sampled the highest rehabilitation score that could

be achieved was approximately 86.5, reflecting sampling

variability and minor variations in the homogeneity of sites.

So an appropriate target rehabilitation score for practical

purposes is about 86. The decision as to how far below this

score is ‘reasonable’, is an arbitrary judgement. However,

government regulators will require such a score if they are to

use the RDI. Based on an assessment of the Ecosystem

Function Analysis (Tongway, 2001) scores for four waste

dumps and a detailed knowledge of their reptile assemblages,

it is suggested that the target score might be 10 standard errors

below a mean of 86.5 (i.e., 77.5). A similar target score could be

calculated as two standard deviations below the mean score

(i.e., 78.5) or a distance below the mean score equivalent to the

distance above to reach 100 (i.e., 100–86.5 = 13.5; 86.5–

13.5 = 73). These are likely to be ‘high’ target scores and

continued refinement of the RDI will assist in assessing

whether the target score needs to be adjusted.

3. Discussion

3.1. What does the RDI score mean?

A waste dump is devoid of vegetation and fauna when it is

created. An appropriately constructed and vegetated waste

dump should then move through various succession stages as

the rehabilitation matures, to eventually achieve the final

objective of a self-sustaining, functional ecosystem. As the

rehabilitated site develops its biotic integrity, the RDI score

will increase. A completely disturbed area (e.g. newly

constructed waste dump) that is devoid of reptiles will have

a score of zero. The score will increase towards 100 as the

reptile assemblage on the waste dump converges with that in

the adjacent undisturbed area. The attributes for each of the

stages in this progression are described in Table 1. These are

not discrete stages, but are a continuum of rehabilitation

progress.

Our advice to practitioners using the RDI is that the scores

should generally progressively increase with time in a well

planned rehabilitation program, however, small reductions

in the score can occur over a period of a couple of years that

are the result of local environmental variables such as an

extended dry period or a period of unusually high rainfall

that impacts on the composition of the local reptile

assemblage. Increases in the RDI score will be faster in

the initial stages of the rehabilitation program when the

earlier colonisers move into the area. For example, Thomp-

son and Thompson (in press) reported in excess of 50% of the

species in the adjacent undisturbed areas were present on

rehabilitated waste dumps within 10 years of commencing

the rehabilitation program. However, species with a specia-

list diet or micro-habitat requirements are generally much

slower to colonise rehabilitated waste dumps. These

specialised diets (e.g. termites) and microhabitats (e.g. loose

surface soil, hollows in mature trees) often take many years

to develop in rehabilitated areas. Our monitoring of five sites

at Ora Banda (2001–2006) indicates that RDI scores of 50–75

were achievable within 10 years of the rehabilitation

program commencing, for high, steep-sided waste dumps

that were often badly eroded and where the surface soil and

vegetation community on the waste dump differed appre-

ciably from that in the adjacent undisturbed areas. Higher

scores should be anticipated on flat areas, with similar soils

and a vegetation community that matches that in the

adjacent undisturbed areas.

Table 1 – Suggested reptile assemblage attributes associated with each class of RDI score

Attributes RDI score

Comparable to the best situation without human impact; regionally expected species for habitat type;

species present with a full array of age (size) classes; balanced ecological structure; self-sustaining functional ecosystem

86–100

Species richness approaching expected levels; not all late succession species present, some species present

with less optimal abundances or size distribution; ecological structure incomplete

61–85

Species richness below that in the undisturbed area, some groups not well represented, some specialists not present 41–60

Lack of specialists, fewer species than in the undisturbed area, skewed ecological structure and relative abundances 21–40

Few vertebrates present; only early colonisers present, lack of community structure. 11–20

Only opportunistic early colonisers are present. No community structure 0–10

No reptiles present 0
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Our advice to environmental regulators is that a RDI score

that is 10 standard errors below the target score, when

calculated as shown above, would indicate that without

further intervention and management the rehabilitated area is

likely to continue to develop into a functional ecosystem and

environmental bonds could be returned. However, as a note of

caution, waste dumps in the goldfields of Western Australia

are often high and unstable structures that are prone to severe

erosion during periods of unusually high rainfall. Significant

failure of all or part of a waste dump due to an episodic high

rainfall event may destroy a large section of rehabilitated fauna

habitat resulting in an immediate drop in the RDI score for that

area. RDI scores for rehabilitated areas below 50 would be

viewed as unacceptable for the release of environmental bonds.

3.2. Robustness of the RDI

If a measure of biotic integrity or a bio-indicator is to become

widely accepted, then it must be robust. The RDI could be

considered robust if:

� the calculated results were intuitively correct,

� the index score was not overly influenced by sample-to-

sample fluctuations in reptile assemblages that were not

related to rehabilitation progress (e.g. year-to-year variation

or hatching of reptiles),

� the index score was not overly influenced by rare species

(e.g. singletons and doubletons),

� the index score was not overly influenced by small sample

sizes and;

� it could be successfully applied in a range of habitats.

We can address three of these criteria empirically; sample

size, temporal variations (e.g. year-to-year, temporary pre-

sence of hatchlings), and number of rare species in the reptile

assemblage.

3.3. Influence of sample size

The number of reptiles captured on waste dumps and adjacent

undisturbed areas can greatly affect the RDI score if surveying

effort is inadequate. When sample sizes were small the

change in the RDI was pronounced. When the sample size was

larger, small variations in captures were less influential on the

overall RDI score. During January 2004 and 2006 we quad-

rupled the trapping effort to provide a much more robust RDI

score for each of the waste dumps (Table 2). We believe the

January 2004 and 2006 RDI scores provide the most robust

assessment of rehabilitation success for the five waste dumps

we examined.

3.4. Temporal variation

Thompson and Thompson (2005b) demonstrated significant

temporal variations in the reptile assemblages in undisturbed

sites. Re-surveying all sites in January 2003, 2004 and again in

2006 provided an opportunity to assess changes over five

January periods. There were noticeable differences in the RDI

scores across the five January survey periods (Table 2). It had

been unusually dry for the 2 years leading up to the January

2003 survey and we believe the reptile assemblage had

changed as a result of this, thus the reason for the very

different results in January 2003 compared with other years for

Wendy Gully, Rose and Palace. Sampling error that is

associated with small samples and natural variations in

assemblage structure influence RDI scores particularly for the

first three January surveys. However, we believe that RDI

scores are robust enough to reflect changes in ecosystems, as

long as there is an appreciation that there are variations in

vertebrate assemblages due to temporal variations in envir-

onmental variables.

3.5. Effect of rarity

A singleton is defined as a species of reptile that was sampled

once (i.e., a single individual), and a doubleton is a species

caught twice (i.e., two individuals). A singleton may be a rare

species or a common species that is not easily trapped.

Removing singletons or both singletons and doubletons,

reduced the index score for each site (Table 3). When catch

rates were low (e.g. single survey periods) the effect of

removing singletons or both singletons and doubletons was

greater than when catch rates were high. In some cases the

removal of singletons/doubletons resulted in the removal of

entire families of reptiles from data sets (e.g. pygopods,

varanids or elapids). There was an increased propensity for the

common reptiles in the assemblage to appear ‘rare’ (i.e.,

represented by singletons and doubletons) when only a small

number of reptiles had been captured, simply because

insufficient individuals had been caught (Thompson and

Withers, 2003). With adequate surveying effort the relative

impact of ‘rare’ species on the RDI was diminished. It is

therefore recommended that singletons and doubletons are

left in the data set, but the data sets need to be sufficiently

large so that common species do not appear ‘rare’.

3.6. Effect of hatchlings

For some species, hatchlings are highly seasonal, and seem

more easily pit-trapped than adults. It is probable that many of

these hatchlings will not survive to join the adult population

Table 2 – RDI scores for five waste dumps calculated from data collected during January survey periods

Wendy Gully Rose Palace Gimlet South Golden Arrow

January 2001 31.7 51.2 38.5 39.5

January 2002 54.3 59.8 36.1 38.2 51.1

January 2003 71.0 36.0 25.0 51.8 49.7

January 2004 44.2 68.6 52.6 49.7 51.3

January 2006 57.9 61.2 76.8 49.3 58.3
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(Tinkle and Dunham, 1986) due to predation and will therefore

not form part of the reproductive population for that species in

the area. Catching large numbers of hatchlings alters the

interpretation of the reptile assemblage for an area and can

therefore affect the RDI score (see Table 3). The influence of

hatchlings on the RDI score was therefore potentially

significant in survey periods when young are frequently

caught. Most hatchlings were captured in January and April

survey periods, as they generally hatched from December to

March. It is therefore recommended that hatchlings be

excluded from the analysis.

3.7. Other variables affecting the robustness of the Index

Other issues such as the homogeneity or heterogeneity of the

sampled undisturbed area, the spatial placement of the traps,

the trapping effort, the size of rehabilitated areas, the size of

the areas sampled, and the impact of unknown anthropogenic

Table 3 – Summary of RDI scores for pooled data for the two years of survey effort with and without singletons and
doubletons, and with and without hatchlings for Wendy Gully, Rose, Palace and Gimlet South waste dumps
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influences (e.g. vehicle movements, dust, noise) on both the

rehabilitated and the ‘undisturbed’ analogue sites are

unknown. But they are largely unknown for most bio-

indicators reported in the literature and therefore warrant

further investigation. Rehabilitated areas such as waste

dumps are often small in size increasing the edge effects,

which are known to alter fauna assemblages (Anderson and

Burgin, 2002; Bragg et al., 2005; and references therein). The

extent to which edge effects will impact on the robustness of

the Index is not known, but they will probably vary from site-

to-site and with the relative size of the rehabilitated areas.

Suffice to say, the larger the rehabilitated area, the smaller the

edge effects.

In some situations rehabilitated areas are ‘islands’ where

the developing habitat is different to those in adjacent areas.

Different species in the reptile assemblage have different

space and habitat requirements. As a consequence, small

‘islands’ will place constraints on the use of that space for

some species. For example, large, widely-foraging carnivorous

reptiles (e.g. Varanus gouldii) require larger home ranges than

Table 3 (Continued )
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Table 4 – Summary of RDI scores for Mount Whaleback, WA (Walker et al., 1986), for Cobar, NSW (Halliger, 1993) and the Misima mine site

und, undisturbed area; wd, waste dump or rehabilitated site.
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the smaller sit-and-wait agamids or widely-foraging skinks. It

would therefore be unrealistic to expect these large, widely-

foraging species to occupy and remain in small rehabilitated

sites, but they will include these areas within their activity

areas when conditions are appropriate, as frequently happens

around Ora Banda in the more mature rehabilitated sites. This

is more of a constraint on establishing a functional ecosystem

in a rehabilitated area than it is on the RDI, but it is a factor that

must be considered when interpreting the RDI score for a

particular site.

3.8. Applicability of RDI scores for other habitats

One of the criteria for assessing the robustness of the RDI is its

applicability over a range of habitats. There is a paucity of data

in the literature on reptile assemblages that have been

systematically surveyed in rehabilitated areas and adjacent

undisturbed areas over a period of years or even 1 year. We

calculated RDI scores for data from two other Australian sites

and a wet-dry tropical site on Misima Island east of Papua New

Guinea.

3.8.1. Mount Whaleback, WA
Walker et al. (1986) reported a survey of the Mount Whaleback

waste dump at Mount Newman between March 1984 and

January 1986. The recaptures and unidentified reptiles are

excluded from the calculation of the RDI score. Mount

Whaleback had a RDI score of 45 (parameter scores are shown

in Table 4). These data show that 9 years after rehabilitating

the area, the reptile assemblage was still appreciably different

to the adjacent undisturbed site. The RDI score was similar to

the waste dumps around Ora Banda where scores ranged from

37 to 55. Walker et al. (1986) made no overall comment about

the success of the rehabilitation on the Mount Whaleback

waste dump, but did say that almost half of the regionally

present vertebrate ground fauna species were caught, despite

having only minor remnants of vegetation and a steep

unvegetated slope.

3.8.2. Cobar, NSW
Halliger (1993) investigated the development of two rehabili-

tated mine site areas near Cobar, New South Wales and

compared them to an adjacent unmined site. One area was

mined until 1919, and the other until around 1952. Although

not explicitly stated, it is implied that no planned rehabilita-

tion was undertaken at either of these mine sites and the

vegetation and fauna present were due to natural processes.

Recaptures are excluded from these analyses. The area that

had not been mined since 1919 had an RDI score of 70.7 and the

area not mined since 1952 had a score of 51.6. Although the

species richness was lower than at Ora Banda and fewer

reptiles were captured, the RDI score showed that the older

rehabilitated site more closely resembled the nearby analogue

undisturbed area (Table 4).

3.8.3. Misima, PNG
The RDI was applied to three rehabilitated areas associated

with the Misima mine site and an adjacent rainforest site.

These areas had been rehabilitated for 20 months, 5 years and

9–10 years at the time of the assessment. Reptiles and frogs

were incorporated into the calculations of RDI scores. The

comparison between these three sites and the rainforest

indicates that there was a clear progression in the develop-

ment of the rehabilitated sites from the site rehabilitated 20

months ago (RDI = 38.3), to the site rehabilitated 5 years ago

(RDI = 43.1) to the site rehabilitated 9–10 years ago (RDI = 54.4;

Table 4). These three waste dumps all had low scores for the

ecological parameter. This is often the case for emerging

ecosystems, as a range of niches for particular species are not

available during the early stages of the rehabilitation process.

It might also be expected that the relatively rare species, with

particular niche requirements, would be slow to colonise the

rehabilitated sites and this will significantly reduce the

ecological parameter score. Most of the herpetofauna caught

were invertivores, which was what would generally be

expected for an assemblage of small tropical lizards and frogs

(Vitt and Zani, 1998; Vitt et al., 1999). Differences between

natural and rehabilitated sites were most noticeable in the

number of individuals that were arboreal and fossorial. In the

rainforest analogue sites, 20 of the 88 individuals caught were

arboreal, and 31 of the 88 individuals caught were fossorial.

However, the number of individuals in each of these

categories in the sites rehabilitated 20 months, 5 years and

9–10 years ago were 1 of 130, 10 of 42 and 0 of 97 being arboreal,

and 0 of 130, 3 of 42 and 0 of 97 being fossorial. This is not

surprising and is typical of developing rehabilitated areas in

the early stages of succession. Few mature trees and a

different substrate in rehabilitated areas means that it takes

much longer for ecological niches suitable to sustain arboreal

and fossorial species to become available compared with the

terrestrial niches.

3.9. Trapping effort

Our data (Thompson et al., 2003, 2007) suggest that about 180

individuals are necessary to catch 80–90% of the species

present in most habitats as long as the trapped animals are not

dominated by one or two species. This represents the number

of individuals that should be caught in the undisturbed area.

The comparable number of individuals caught in the rehabi-

litated area will vary in accordance with the development of

the ecosystem in the rehabilitated site. We are confident this

number of individuals caught will provide a reasonably robust

RDI score.

3.10. Correlations and redundancy among diversity and
ecological sub-parameters

It is acknowledged that in most habitats sampled there will be

a correlation among measures of species richness, Log series

diversity, similarity and evenness (e.g. see discussion in Hayek

and Buzas, 1997; Magurran, 2004 about links between

measures of species richness, evenness and diversity). We

relied on the advice of earlier researchers that developed

various indices of biotic integrity that each of these sub-

parameters make a useful contribution to the overall index

score and no one sub-parameter makes any of the others

redundant. However, this issue needs to be examined when

data are available for numerous sites. This should be a

relatively simple task. Systematically deleting each of the sub-
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parameters from the calculation of the RDI score and then

correlating the new score with some independent measure of

rehabilitation success should provide an indication of any

redundancy of sub-parameters. It is also possible that there

will a significant correlation between some of the ecological

sub-parameters, but it is our view that this is less likely than a

correlation among the diversity sub-parameters, as differ-

ences among species in activity period, use of space and

dietary preference reduces competition and presumably

allows the coexistence of a variety of species (MacArthur,

1972; Pianka, 1973, 2000). Again this issue should be tested

when data are available for numerous sites.

3.11. Weightings

To some extent the method of weighting parameter and sub-

parameter scores is arbitrary. Overall, the diversity, assem-

blage composition and ecological parameters could have been

weighted equally, but this would provide slightly lower overall

index scores for each rehabilitated site, and we saw merit in

providing a weighting system that maximised the index score.

However, this is offset by the need to calculate the weightings

for each parameter for each rehabilitated area assessed. This

is an additional calculation that some users of the RDI may

wish to ignore. Whether the weighting system for parameter

scores is or is not used, is much less important than

consistency in what is done, particularly if scores for

successive years are to be compared and used to monitor

rehabilitation progress.

We could see no good reason why the sub-parameters that

make up the diversity and ecological parameters should be

weighted differently so they are weighted equally. The

weighting for each of the taxonomic groups reflects the

proportion of individuals represented by each taxonomic

group in the assemblage. Intuitively this seemed a better

approach than weighting each taxonomic group equally when

the number of individuals in each group varied appreciably

within and among sites.

3.12. RDI as a degradation index

The RDI is calculated by comparing the reptile assemblage on

one site with another. For rehabilitated degraded areas, the

ecosystem is progressing through numerous succession

stages and RDI scores should progressively increase as the

reptile assemblage in the rehabilitated area moves closer to

mimicking that in the adjacent undisturbed area. The reverse

is the situation for an area where the ecosystem is being

impacted on by a disturbance variable such as pollution, feral

animals or weed invasion. The RDI can be used to compare a

‘control’ site with one that is progressively being degraded. It is

therefore a useful tool in quantifying rehabilitation success

and degradation of habitats if appropriate analogue sites are

available.

4. Conclusion

The RDI provides an indication of the relative success or

degradation of a site compared to the functional ecosystem

present in the nearby or adjacent comparison area, measured

in terms of the reptile assemblage. The RDI score is a multi-

metric measure of the extent to which the reptile assemblage

in a disturbed or rehabilitated area resembles the reptile

assemblage in the adjacent undisturbed area. The principles

underlying the RDI are the same as for the IBI. If the reptile

assemblage is a useful proxy of the development of the

functional ecosystem for a rehabilitated site when compared

with the adjacent undisturbed area (see Thompson and

Thompson, 2005a), this score can be used by land managers

as a measure of rehabilitation success. As the RDI only

monitors the assemblage structure of small reptiles, it needs

to be considered in conjunction with other measures or

indices of soil stability (e.g. Landscape Function Analysis;

Tongway, 2001) and vegetation structure to provide an overall

assessment of ecosystem function.

Karr et al. used the IBI to measure the degradation in

freshwater streams and rivers using fish assemblages. The RDI

can also be used in a similar fashion to measure the impact of a

disturbance factor on a functional terrestrial ecosystem.

Disturbance factors such as grazing, introduction of feral

pests (e.g. cane toads), mine site impact on adjacent

undisturbed areas, noise and dust pollution are all likely to

impact on ecosystems.

Our RDI provides an objective and relatively easy to

interpret tool that can be used to measure both the success

of a rehabilitation program in creating a functional ecosystem

in a degraded area or the impact of a disturbance on a

functioning ecosystem. The results are influenced by seasonal

and year-to-year fluctuations and changes in the reptile

assemblage but are not overly influenced by rare species and

can be applied in a variety of habitats. Small field sample sizes

reduce the robustness of the RDI scores.
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Appendix A. Calculations for a rehabilitated
waste dump at Ora Banda

Below we have used data from a single rehabilitated waste

dump and adjacent undisturbed area to illustrate how a RDI

score is calculated.

Twenty-eight species of reptile were caught on the

example waste dump and adjacent undisturbed area

(Table A1). The classification for each of these 28 species into

their primary trophic level, habitat preference, predatory

strategy and activity period is shown in Table A1.

A.1. Calculation of species richness

The reptile assemblage in the undisturbed area was ranked

from those species with the highest abundance to those
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Table A1 – Abundance, trophic level, habitat preference, predatory strategy and activity period of reptile species captured at an example waste dump and adjacent
undisturbed area

Species Abundance in
undisturbed area

Abundance in
rehabilitation area

Trophic
level

Habitat
preference

Predatory
strategy

Activity period Source for categorical data

Geckos

Diplodactylus granariensis 31 26 I T S N Chapman and Dell (1985); Roberts (1998)

Diplodactylus maini 34 I T A N Chapman and Dell (1985); How, R. unpublished data; EX

Diplodactylus pulcher 50 I T W N Pianka (1969a,1986); Pianka and Pianka (1976); Roberts (1998)

Gehyra purpurascens 3 I A S N How, R. unpublished data; EX

Gehyra variegata 20 7 O A S N Henle (1990a,b); Kitchener et al. (1988);

Pianka (1969a), Pianka and Pianka (1976)

Heteronotia binoei 5 4 I T W N Bustard (1968); Henle (1990b); Pianka (1969c);

Pianka and Pianka (1976)

Nephrurus laevissimus 1 I T S N Delean and Harvey (1981); How et al. (1990);

Pianka (1969a, 1986); Pianka and Pianka (1976); EX

Oedura reticulata 4 I A A N How, R. unpublished data; How and Kitchener (1983);

Kitchener et al. (1988); Pianka and Pianka (1976); EX

Rhynchoedura ornate 40 I T W N Pianka (1969a, 1986): Pianka and Pianka (1976);

Roberts (1998)

Underwoodisaurus milii 5 36 I T S N Chapman and Dell (1985); How et al. (1990);

Read (1999); EX

Skinks

Cryptoblepharus plagiocephalus 6 I A A D James et al. (1984); Pianka (1986); EX

Egernia formosa 1 I A S D Cogger, 1992; EX

Egernia inornata 17 I T S N Greer (1989); Henle (1989); Pianka (1969a, 1986);

Pianka and Giles (1982)

Lerista muelleri 4 2 I F A N Pianka (1986); EX

Lerista picturata 3 I F A N EX

Menetia greyii 18 23 I T A D Henle (1989); Pianka (1986); Smyth and Smith (1974)

Morethia butleri 14 3 I T A D Pianka (1986); EX

Agamids

Ctenophorus cristatus 1 1 I T S D Pianka (1971); EX

Ctenophorus reticulatus 12 9 O T S D Pianka (1986); EX

Pogona minor 2 9 O T A D Chapman and Dell (1985); Pianka (1986);

Thompson and Thompson (2003)

Tympanocryptis cephala 1 I T S D EX

Varanids

Varanus caudolineatus 1 I A A D Pianka (1969a,b, 1986); Thompson (1993, 1995)

Varanus gouldii 2 I T A D Pianka (1970, 1986, 1994): Shine (1986);

Thompson (1996); EX

Pygopods

Lialis burtonis 2 C T S D Bustard (1970); Chapman and Dell (1985); Martin (1972);

Patchell and Shine (1986a, b); Pianka (1986)

Elapids

Parasuta monachus 1 3 C T A N Greer (1997); Shine (1988); EX

Simoselaps bertholdi 1 C F A N How and Shine (1999); Strahan et al. (1998); Swan (1983)
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species with the lowest abundance (Table A2) and rarefied

using EcoSim Software (http://www.worldagroforestrycentre.

org/sites/RSU/resources/biodiversity/software/EcoSim.asp).

The default randomisation algorithm with independent

sampling was set at 100 iterations. The output diversity data

for the undisturbed area from EcoSim Software (Table A2)

were used in a Beta-P non-linear regression equation (NLREG

software with 1000 iterations; http://www.nlreg.com) to

calculate a curved line of best fit though the data. Parameter

scores calculated from the Beta-P non-linear regression for

the undisturbed area were: a—298.89, b—0.0178, c—4.0944, and

d—1.1156, for 278 reptile captures.

When 278 individuals were caught in the undisturbed area

a total of 24 species (we caught four species on the waste dump

that were not caught in the adjacent undisturbed area) had

been captured (Fig. 1). The expected species richness for the

undisturbed area is calculated when 129 individuals were

caught (i.e., equivalent to the total number of individuals

caught on the waste dump). The expected species richness

value for the undisturbed site is 19.85 (Fig. 1). A total of 16

species were captured at the waste dump. The relative species

richness score for the waste dump was calculated using Eq. (1),

and is as follows:

Relative score ¼ 100� 2� ABS 50� 16
19:85þ 16

� �
� 100

� �� �� �
¼ 89:25

A score of 89.25 represents the relative species richness

score for the waste dump compared with the adjacent

undisturbed area, out of a possible score of 100.

A.2. Calculation of Log series diversity

The Log series diversity scores for the waste dump and

adjacent undisturbed area were calculated using the proce-

dure described in Magurran (1988, p. 132–135). The input data

are in Table A3. The Log series diversity scores were 6.30 and

4.81 for the undisturbed area and waste dump, respectively.

The relative score for the waste dump compared with the

adjacent undisturbed area for Log series diversity is calculated

using Eq. (1), and is as follows:

Relative score ¼ 100� 2� ABS 50� 4:81
6:30þ 4:81

� �
� 100

� �� �� �
¼ 86:6

The score of 86.6 represents the relative Log series diversity

score for the waste dump compared to the adjacent

undisturbed area, out of a possible score of 100.

A.3. Calculation of similarity

The Morisita–Horn similarity index was calculated using

EstimateS software (Colwell, R.; http://viceroy.eeb.ucon.edu/

EstimateS) and input data are shown in Table A3. The calculated

similarity score between the waste dump and the adjacent

undisturbed area was 0.365, which was then multiplied by 100.

The relative similarity between the waste dump and adjacent

undisturbed area was 36.5, out of a possible 100.
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A.4. Calculation of evenness

The calculated evenness for the waste dump was 0.52 and

the adjacent undisturbed area was 0.55 using data in Table A3.

These values are then inserted in Eq. (1).

Relative score ¼ 100� 2� ABS 50� 0:52
0:55þ 0:52

� �
� 100

� �� �� �
¼ 97:04

A score of 97.04 represents the relative evenness score for

the waste dump compared with the adjacent undisturbed

area, out of a possible score of 100.

A.5. Diversity parameter weights

Equal weightings (25%) were applied to each of the four

sub-parameters then added to calculate a score out of 100 for

the diversity parameter (i.e., Log series diversity = 86.6/4,

SR = 89.25/4, evenness = 97.04/4, and site similarity = 36.5/4

and summed together). In this example the waste dump

scored 77.35 for the diversity parameter.

A.6. Differential trapping effort on rehabilitated site and
undisturbed site

The trapping-effort (pit-trap nights) was greater for each

waste dump than the adjacent undisturbed area. There were

Table A2 – Input and output data from EcoSim Software to calculate species richness from rarefaction

Input Output

Species
category

Example undisturbed
area data

Abund. Ave.
diversity

Median
diversity

Variance
diversity

95% Conf.
low

95% Conf.
high

1 1 1 1.00 1 0.00 1.00 1.00

2 1 12 7.65 8 1.38 5.35 9.95

3 1 24 10.98 11 2.36 7.97 13.99

4 1 35 12.89 13 2.97 9.51 16.27

5 1 47 14.48 15 3.30 10.92 18.04

6 2 58 15.60 15 3.03 12.19 19.01

7 2 70 16.51 17 2.78 13.24 19.78

8 3 81 17.25 17 2.43 14.19 20.31

9 3 93 18.03 18 2.62 14.86 21.20

10 3 104 18.68 19 2.28 15.72 21.64

11 4 116 19.23 20 1.96 16.49 21.97

12 4 127 19.68 20 1.88 17.00 22.36

13 5 139 20.24 20 1.64 17.73 22.75

14 5 150 20.78 21 1.75 18.19 23.37

15 6 162 21.24 21 1.92 18.52 23.96

16 12 173 21.50 22 1.93 18.78 24.22

17 14 185 21.91 22 1.78 19.30 24.52

18 17 196 22.14 22 1.60 19.66 24.62

19 18 208 22.38 23 1.31 20.14 24.62

20 20 219 22.65 23 0.96 20.73 24.57

21 31 231 22.99 23 0.70 21.35 24.63

22 34 242 23.25 23 0.55 21.79 24.71

23 40 254 23.52 24 0.39 22.29 24.75

24 50 265 23.73 24 0.30 22.66 24.80

277 23.98 24 0.02 23.70 24.26

278 24.00 24 0.00 24.00 24.00

Ave., mean; Abund., cumulative abundance.

Table A3 – Input data for Log series diversity and
Morisita Horn similarity

Species Undisturbed
species

abundance

Waste dump
species

abundance

Diplodactylus granariensis 31 26

Diplodactylus maini 34 0

Diplodactylus pulcher 50 0

Gehyra purpurascens 3 0

Gehyra variegata 20 7

Heteronotia binoei 5 4

Nephrurus laevissimus 0 1

Oedura reticulata 4 0

Rhynchoedura ornata 40 0

Underwoodisaurus milii 5 36

Cryptoblepharus plagiocephalus 6 0

Egernia formosa 1 0

Egernia inornata 17 0

Lerista muelleri 4 2

Lerista picturata 3 0

Menetia greyii 18 23

Morethia butleri 14 3

Ctenophorus cristatus 1 1

Ctenophorus reticulatus 12 9

Pogona minor 2 9

Tympanocryptis cephala 0 1

Varanus caudolineatus 0 1

Varanus gouldii 2 0

Lialis burtonis 0 2

Parasuta monachus 1 3

Simoselaps bertholdi 1 0

Ramphotyphlops bituberculatus 1 0

Ramphotyphlops hamatus 3 1
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5040 pit-trap nights on the waste dump and 3360 pit-trap

nights for the adjacent undisturbed area. The abundance of

reptiles captured could not be scaled to equal trapping effort,

as diversity indices, species richness, similarity and evenness

must be calculated on actual data (i.e., not scaled data). Our

higher trapping effort on each waste dump would most

probably result in slightly inflated index scores (more similar

to undisturbed area) for the diversity parameter, but this is

not of concern here as we are describing the concept and

methods only. Adjusted abundance on the waste dump =

actual abundance � 3360/5040. The input and adjusted data

are shown in Table A4.

The relative score for the waste dump compared with the

adjacent undisturbed area for the agamid taxonomic group

was calculated first by obtaining the relative score using Eq. (1),

and is as follows:

Relative score for agamids

¼ 100� 2� ABS 50� 13:33
15þ 13:33

� �
� 100

� �� �� �
¼ 94:10

The same calculations were done for each taxonomic

group. The results are in Table A5.

Table A4 – Data for taxonomic groups

Undisturbed
reptile

abundance

Waste dump
reptile

abundance

Adjusted waste
dump reptile
abundance

Agamids 15 20 13.33

Geckos 192 74 49.33

Pygopods 0 2 1.33

Skinks 63 28 18.67

Varanids 2 1 0.67

Scolecophidians 4 1 0.67

Elapids 2 3 2.00

Table A5 – Results for taxonomic groups

Output
score

Weighting
(%)

Adjusted
score

Agamids 94.1 5.40 5.08

Geckos 40.9 69.06 28.24

Pygopods 0.0 0.00 0.00

Skinks 45.7 22.66 10.36

Varanids 50.0 0.72 0.36

Scolecophidians 28.6 1.44 0.41

Elapids 100.0 0.72 0.72

Total 45.16

Table A6 – Data for ecological parameter sub-categories

Species Abundance in
undisturbed area

Abundance in
rehabilitation area

Adjusted abundance in
rehabilitation area

Trophic

Carnivores 2 5 3.33

Omnivores 34 25 16.67

Invertivores 242 99 66.00

Dietary strategy

Dietary Sp 95 3 2.00

Non dietary specialist 183 126 84.00

Habitat preference

Arboreal 34 8 5.33

Fossorial 12 3 2.00

Terrestrial 232 118 78.67

Predatory strategy

Active forager 89 41 27.33

Sit and Wait forager 90 83 55.33

Widely foraging 99 5 3.33

Activity period

Diurnal 56 49 32.67

Nocturnal 222 80 53.33

Sp, specialist.

Table A7 – Results for trophic groups

Calculated
score

Weighting Adjusted
score

Trophic

Carnivores 75.00 1/15 5.00

Omnivores 65.79 1/15 4.39

Invertivores 42.72 1/15 2.86

Dietary strategy

Dietary Sp 4.12 1/10 0.41

Not dietary specialist 62.92 1/10 6.29

Habitat preference

Arboreal 27.12 1/15 1.81

Fossorial 28.57 1/15 1.90

Terrestrial 50.64 1/15 3.38

Predatory strategy

Active forager 46.99 1/15 3.13

Sit and Wait forager 76.15 1/15 5.08

Widely foraging 6.51 1/15 0.43

Activity period

Diurnal 73.68 1/10 7.37

Nocturnal 38.74 1/10 3.87

Total 45.92

Sp, specialist.
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Table A8 – Results for trophic parameters

Calculated score Weighting (%) Overall adjusted score

Diversity parameter 77.35 32 24.75

Assemblage composition parameter 45.16 43 19.42

Ecological parameter 45.92 25 11.48

Total 55.65

Table A9 – A summary of all scores used in the calculation of the RDI for the example rehabilitated waste dump
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A.7. Weights for taxonomic groups

The weightings for each taxonomic group were calculated

based on the relative proportion that each taxonomic group

represents in the undisturbed area. For example, 5.40% of all

reptiles captured on the undisturbed area were agamids.

Therefore, if the waste dump was a perfect replica of the

undisturbed area, 5.40% of captures on the waste dump should

be agamids. The adjusted taxonomic group scores are

calculated by multiplying the relative score for each family

by the weighting; scores are shown in Table A5. Weighted

scores were summed and the taxonomic parameter score for

the waste dump was 45.16. This score represents the relative

similarity between the waste dump and the adjacent

undisturbed area for the taxonomic parameter, out of a

possible score of 100.

A.8. Ecological parameter calculation

The number of individuals caught on the rehabilitated

waste dump was adjusted to equate the trapping effort (based

on pit-trap nights) with that in the adjacent undisturbed

area. There were 5040 pit-trap nights on the waste dump

and 3360 pit-trap nights in the adjacent undisturbed area;

thus adjusted abundance on the waste dump = actual

abundance � 3360/5040. The input and adjusted data are in

Table A6. The relative score for the waste dump compared

with the adjacent undisturbed area for each category of

the ecological parameter was calculated using Eq. (1), as

follows:

Relative score for carnivores

¼ 100� 2� ABS 50� 3:33
2þ 3:33

� �
� 100

� �� �� �
¼ 75:0

The same calculations were performed for each ecological

category; results are in Table A7.

Each ecological sub-parameter was given an equal weight-

ing (i.e., 0.2). Categories within each ecological sub-parameter

are also equally weighted (i.e., nocturnal and diurnal activity

periods each have a 0.1 weighting; and carnivore, omnivore

and invertivore dietary preferences each have a 0.067

weighting; Table A7). The adjusted ecological category

scores are in Table A7. These weighted scores are summed

to provide the ecological parameter score for the waste dump

(i.e., 45.92).

A.9. Parameter weightings and RDI calculations

The mean weightings that resulted in the minimum

variance for the 20 sub-sampled undisturbed areas were 32

for the diversity parameter, 43 for the assemblage composi-

tion parameter, and 25 for the ecological parameter. These

weightings when multiplied by the parameter score opti-

mise the RDI score for the rehabilitated site (Table A8).

These adjusted scores are summed to give the RDI score for

the waste dump (55.4). Table A9 provides a summary of all

the parameter and sub-parameter scores that added

together made up the total score for the example waste

dump.
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Appendix A. Coordinates of survey sites 
Site name UTM Zone UTM Easting UTM Northing 

E1 50 520075 6725681 
E2 50 519932 6725999 
E3 50 519668 6726379 
E4 50 519375 6726746 
E5 50 518937 6727583 
E6 50 518027 6728052 
E7 50 518462 6728282 
E8 50 518404 6728509 
E9 50 518285 6728696 
E10 50 517982 6728982 
S1 50 509856 6728182 
S2 50 510642 6728163 
S3 50 512216 6728102 
S4 50 512531 6728092 
S5 50 512783 6728062 
S6 50 514463 6726496 
S7 50 514451 6726450 
S8 50 515099 6726850 
S9 50 515181 6726852 
S10 50 515273 6726852 
H1 50 516088 6727428 
H2 50 516131 6727404 
H3 50 516102 6727379 
H4 50 516138 6727367 
H5 50 516120 6727345 
H6 50 516178 6727325 
H7 50 516150 6727273 
H8 50 516176 6727257 
H9 50 516215 6727244 
H10 50 516199 6727216 
H11 50 516220 6727183 
H12 50 516249 6727173 
H13 50 516249 6727129 
H14 50 516286 6727146 
H15 50 516265 6727107 
H16 50 516315 6727101 
H17 50 516289 6727057 
H18 50 516321 6727055 
H19 50 516234 6727214 
H20 50 516194 6727277 
H21 50 516825 6725182 
H22 50 516817 6725204 
H23 50 516858 6725209 
H24 50 516869 6725198 
H25 50 516895 6725211 
H26 50 516938 6725182 
H27 50 516945 6725154 
H28 50 516975 6725161 
H29 50 516985 6725121 
H30 50 516903 6725195 
H31 50 516928 6725161 
H32 50 517001 6725111 
H33 50 517019 6725111 
H34 50 517009 6725097 
H35 50 517011 6725073 
H36 50 517045 6725080 
H37 50 517057 6725061 
H38 50 517078 6725060 
H39 50 517098 6725010 
H40 50 517127 6725032 
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