
 
 

  
 
19 June 2015 
 
Toro Energy Ltd 
PO Box 584 
WEST PERTH, WA 6872 
AUSTRALIA 
 
Attention: Alan Tandy 
 Environmental Scientist 
 
 
 
Dear Alan, 
 
 
As discussed, the purpose of this letter is to present a review of the impacts to stygofauna arising from the 
proposed Wiluna Uranium Project, including mining at Millipede, Centipede, Lake Way and Lake Maitland, 
including water abstraction/reinjection with all mining activities.   
 
For more detailed information regarding the stygofauna environmental impacts assessments undertaken for 
each of the project areas please refer to the following reports:   

Millipede – MWH (2015) Wiluna Uranium Project: Millipede Targeted Subterranean Fauna Assessment. 
Centipede, Lake Way and West Creek Borefield – Outback Ecology (June 2012) Wiluna Uranium 

Project Stygofauna Assessment.  
Lake Maitland – Outback Ecology (April 2012) Lake Maitland Uranium Project Stygofauna Assessment. 

 
 
Yours sincerely 
 
 
 
 
 
Nick Stevens 
 
MWH Australia Pty Ltd 
  
 



 
 

1.1 CENTIPEDE MINING AREA 
Findings 

The distributions of the 34 species recorded from the Centipede project survey area indicated: 

• Thirty (88%) taxa are known to occur from outside the proposed Centipede mining area and associated 

0.5 m modelled (with no barriers) groundwater drawdown contour impact zones; 

• twelve of the fifteen species recorded from the mining area are known to have distribution ranges that 

extend beyond the proposed impact area; 

• three (9%) species are not known to have distribution ranges that extend beyond the proposed mining 

area;  

• seventeen of the 18 species recorded from within the 0.5 m modelled groundwater drawdown contour 

impact area are known to have distribution ranges that extend beyond the proposed impact area; 

• one (3%) species, is not known to have a distribution range that extends beyond the modelled 0.5 m 

drawdown contour. 

The constriction of the Hinkler Well calcrete, caused by the Erawalla Fault uplift near to where the 

Goldfields Highway crosses the calcrete, has not acted as a barrier to stygofauna movement.  The 

distributions of the amphipod Chiltoniidae sp. SAM3 and the diving beetle Limbodessus hinkleri (Dytiscidae) 

were found to cover more than 20 km from the eastern part of the calcrete in the proposed mining area 

bordering the Lake Way playa to the western part of the calcrete on the opposite side of the Goldfields 

Highway.  Limbodessus macrohinkleri and Candonopsis linnaei (Ostracoda: Candonidae) were both only 

found in this study to the east of the highway in and around the processing plant infrastructure footprint.  

However, both species were first described from material collected from the Hinkler Well more than 13 km 

west of the highway (Karanovic 2008; Watts and Humphreys 2006), demonstrating movement and 

increased distribution.   

Mining Excavation 

The three species of conservation concern because their distributions have not been recorded from beyond 

the proposed mining area are: 

• Brevisomabathynella sp. SAM2 (Bathynellacea); 

• Schizopera sp. TK4 (Copepoda); and 

• Schizopera sp. TK7 (Copepoda). 

The one species of conservation concern because its’ distribution has not been recorded from outside the 

0.5 m modelled (with no barriers) groundwater drawdown contour impact area is: 

• Schizopera sp. TK10 (Copepoda. 
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The removal of habitat through mining excavation poses a risk to three of the 15 stygofauna species 

recorded from the Centipede mining area.  The habitats in which the three species found only from within 

the Centipede mining area were collected are discussed as follows: 

• Brevisomabathynella sp. SAM2 ─ was collected from four bores, NVCP2, NVCP4, NVCT0123A and 

NVCT0508 in November 2009.  All four bores are within close proximity of each other within the delta 

area fringing the lake playa.  The salinity levels present in the upper stratum of the water column in the 

bores from which Brevisomabathynella sp. SAM2 was recorded were hypersaline ranging from 54,200 

to 108,600 µS/cm.  The bore lithologies for NVCP2, NVCP4 indicate that greater than 3 m of saturated 

calcrete was present along with overlying and underlying clay and sand strata.  The bore lithologies for 

NVCT0123A and NVCT0508 are not known.  However, both bores are within close proximity to NVCP2 

and NVCP4.  

• Schizopera sp. TK4 ─ known from one female specimen only, and collected from NVCT0058 in July 

2007.  This bore is within close proximity of Brevisomabathynella sp. SAM2 and Schizopera sp. TK7 

locations also within the delta area fringing the lake playa.  The salinity levels present in the upper 

stratum of the water column in the bore from which Schizopera sp. TK4 was recorded was hypersaline 

at 141,200 µS/cm.  The bore lithology for NVCT0058 indicates that thin bands of saturated calcrete, 

ranging from 0.5 to 1 m thick were present along with interspersed clay and sand strata.    

• Schizopera sp. TK7 ─ was collected from three bores, NVCP5, OBS1 and OBS6 in November 2009.  

All three bores are within close proximity of each within the delta area fringing the lake playa.  The 

salinity levels present in the upper stratum of the water column in the bores from which Schizopera sp. 

TK7 was recorded were mesosaline to hypersaline ranging from 33,800 to 84,500 µS/cm.  The bore 

lithology for NVCP5 is not known.  However, lithologies for bores OBS1 and OBS6 indicate that 

Schizopera sp. TK7 is not confined to calcrete habitat only.  For OBS1, the saturated habitat consisted 

of calcrete strata interspersed with gravel and clay.  For OBS6 no calcrete was present with saturated 

strata present consisting of sand, clay and gravel.  It is likely that the course gravel present provided 

sufficient interstitial pore space for Schizopera sp. TK7 to colonise. 

The habitat preference of these species might appear to be hypersaline groundwater within geology 

occurring along the interface of the calcrete and lake playa systems containing calcrete and/or gravel 

facies.  However, the habitat preferences may be broader when considering the range in habitats of the 

seven other stygofauna species, Halicyclops eberhardi, Chiltoniidae sp. SAM3, Limbodessus hinkleri, 

Dussartcyclops uniarticulatus, Schizopera uramurdahi, Nitokra sp. TK1, Nitokra sp. TK2 also collected from 

these same bores.  The distributions of these seven species extend well beyond the Centipede delta area 

either further to the west up the Hinkler Well calcrete body (viz. Chiltoniidae sp. SAM3  and Limbodessus 

hinkleri and/or from other calcrete systems (viz. Dussartcyclops uniarticulatus, Halicyclops eberhardi, 

Nitokra sp. TK1 and Nitokra sp. TK2, and Schizopera uramurdahi).  Each of these seven species, including 

other Brevisomabathynella and Schizopera species, are known to occur in less saline groundwater and 

within more substantial calcrete habitats.   

If the three restricted species, Brevisomabathynella sp. SAM2, Schizopera sp. TK4 and Schizopera sp. TK7 

do only occur in the Centipede mining area, then the long term persistence of these species would be at 
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risk because of the lack of habitat that would remain undisturbed within the resource area after mining has 

occurred.  However, it is considered unlikely that the distributions of these three species are only restricted 

to the immediate vicinity of the delta area from which they were collected because: 

• the occurrence of similar delta habitat along the calcrete-lake playa interface to the north and south of 

the centipede mining impact area; and 

• the broader distributions and habitat preference of seven other sympatric stygofauna species, including 

other Brevisomabathynella and Schizopera species, that have been recorded from less saline 

groundwater environments within more substantial calcrete habitats;  

The proposed mining of the resource area is not considered likely to pose a long term conservation risk to 

Brevisomabathynella sp. SAM2, Schizopera sp. TK4 and Schizopera sp. TK7 when taking into 

consideration the: 

• limited area of habitat removal associated with mining excavation, relative to the much greater expanse 

of adjacent habitat remaining; 

• broader habitat preferences of other Brevisomabathynella and Schizopera species; and 

• broader distribution patterns and habitat preferences of other members of the stygofauna assemblage 

that were collected sympatrically.  

Groundwater Drawdown 

Groundwater drawdowns of less than 0.5 m bgl fall within the natural variation in standing water levels 

recorded from the mining operations area, with fluctuations commonly ranging from ± 0.1 to 0.3 m bgl, with 

less common variations occurring in the range of ± 0.6 to 1.26 m bgl.  Groundwater drawdowns that exceed 

the natural variation as a result of human activities are considered to directly impact on stygofauna by 

reducing the vertical extent of habitat available.  The removal of habitat through the lowering of the 

groundwater table through mine pit dewatering poses a risk to one species Schizopera sp. TK10 whose 

distribution was not recorded from beyond the 0.5 m modelled drawdown zone.   

Of the 18 stygofauna species collected from within the 0.5 m modelled groundwater drawdown contour 

(without barriers) in the Centipede Project survey area, Schizopera sp. TK10 was the only species not 

recorded from outside the 0.5 m drawdown zone.  Schizopera sp. TK10 is known from two specimens 

collected from bore NLW13-1 in November, 2011 (referred to as Schizopera ‘centipede’ in Karanovic 

(2012)).  The groundwater environment present within bore NLW13-1 from which Schizopera sp. TK10 was 

collected, consisted of an upper fresh (1.74 ppt) layer over 1 m deep, that was underlain by a hyposaline 

stratum (10.39 to 37.92 ppt) for at least 2 m before the bottom of the bore was reached.   

Four other stygofauna species, Chiltoniidae sp. SAM3, Limbodessus hinkleri, Fierscyclops fiersi and 

Metacyclops laurentiisae, were also recorded from bore NLW13-1 and displayed distributions that extended 

well outside the modelled 0.5 m drawdown contour and/or from other calcrete systems.  Chiltoniidae sp. 

SAM3 , Limbodessus hinkleri and Metacyclops laurentiisae were each found to occur further up the Hinkler 

Well calcrete more than 12 km west of NLW13-1.  Both copepod species Fierscyclops fiersi and 
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Metacyclops laurentiisae, were also recorded from Lake Violet calcrete.  In addition, widely distributed 

species Schizopera austindownsi and Schizopera uramurdahi, both recorded from Lake Violet and 

Uramurdah calcretes, were also recorded from Hinkler Well calcrete bores adjacent to NLW13-1.   

Bore NLW13-1 is located in the western portion of the Hinkler Well calcrete delta more than 3 km from the 

proposed Centipede mining area pit boundary and less than 500 m inside the modelled 0.5 m groundwater 

drawdown contour.  The calcrete system is expressed at the surface at NLW13-1 and extends westward 

well beyond the modelled 0.5 m drawdown contour.  How far the calcrete extends below ground at NLW13-

1 is not known.  Known lithologies of neighbouring bores NLW9 and NLW11 (located to the south and 

within 300 m of NLW13-1 and from which Schizopera uramurdahi were recorded), indicate that the calcrete 

extends from the surface to approximately 7.5 m bgl with saturated profiles ranging from 2.7 to 4.7 m thick.  

Lithologies for bores NLW22 and NLW23 (approximately 500 m to the north west of NLW13-1, and from 

which Schizopera uramurdahi was also collected), indicate that the calcrete only extends from the surface 

to 4.5 m bgl with the saturated profile ranging from 0.1 to 1 m thick.  At NLW20, approximately 500 m to the 

north west of NLW13-1, where copepod species Schizopera austindownsi was collected, no calcrete was 

recorded with the sand facies present extending for greater than 10 m bgl to the bottom of the bore.  Within 

the vicinity of NLW13-1, habitable geology will remain saturated during the operational life of the proposed 

Centipede mining area inside the modelled 0.5 m drawdown contour as well as outside in adjoining calcrete 

habitat.   

It is unlikely that Schizopera sp. TK10 is restricted to the immediate vicinity of NLW13-1 when taking into 

consideration the distribution of other stygofauna species collected from NLW13-1, the broader distributions 

and habitat preferences of other Schizopera species recorded from neighbouring bores, and the greater 

extent of adjoining habitat present.  If Schizopera sp. TK10 did happen to be restricted to the vicinity of bore 

NL13-1, then the long term survival of this species would not be considered to be at risk because of the 

extent of saturated habitat that would still persist in the area during the operational life of the Centipede 

mining area.  The apparent restricted distribution is more likely to be an artefact of sampling and the 

difficulty in detecting subterranean species that can exist at low population density levels and possess 

irregular distributions.   

The modelled groundwater drawdown greater than 0.5 m associated with the proposed mining of the 

Centipede resource area is not considered likely to pose a long term conservation risk to Schizopera sp. 

TK10 when taking into consideration the: 

• broader distribution patterns and habitat preferences of other members of the stygofauna assemblage 

that were collected from the area, including other Schizopera species, that indicate the presence of 

suitable habitat adjacent to and outside of the modelled 0.5 m drawdown contour;  

• likelihood that Schizopera sp. TK10 possesses a wider distribution range within at least the Hinkler Well 

calcrete system that extends well beyond the modelled 0.5 m drawdown zone (without barriers) 

associated with the Centipede mining area; and 

• extent of saturated habitat that would persist in the area during the operational life of the Centipede 

mining area.   
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1.2 MILLIPEDE MINING AREA 
Findings 

The distributions of the stygofauna species recorded from the targeted survey are consistent with the 

geological and hydrogeological assessments of the area which indicated that the proposed Millipede 

mining area forms a connected habitat extension of the broader Hinkler Well calcrete delta.  Eight of the 

13 stygofauna taxa collected by the targeted survey were found from within the proposed Millipede 

mining area, seven of which, Atopobathynella wattsi, Enchytraeidae-OES20, Fierscyclops fiersi, 

Halicyclops eberhardi, Nitokra sp. TK1, Nitokra sp. TK2, and Schizopera sp. TK7, were also recorded 

either as part of the targeted survey, or from previous surveys or published studies from other locations 

within the Hinkler Well calcrete outside the proposed pit boundary.  The amphipod Chiltoniidae-SAM6 

that had not been recorded previously, was the only stygofauna species not found from beyond the 

proposed Millipede pit boundary.   

 

Amphipoda 

The amphipod species, Chiltoniidae-SAM6, has been collected from two bores within the proposed 

Millipede pit area only.  Additional Chiltoniidae specimens were collected from Millipede but DNA 

sequencing was unsuccessful so these species remain indeterminate.  The seemingly restricted 

distribution of Chiltoniidae-SAM6 to within the proposed mine pit impact means this species is of 

potential conservation concern. 

 

Bathynellacea 

The parabathynellid Atopobathynella wattsi has been shown from published records to have a relatively 

widespread distribution.  Atopobathynella wattsi was first described from material collected from the 

Lake Violet calcrete and Millbillillie Calcrete, more than 20 and 75 km, respectively to the north of the 

proposed Millipede mining area (Cho et al. 2006).  Later genetic analysis included material from the 

Hinkler Well calcrete (Guzik et al. 2008).  Earlier surveys recorded this species from the eastern delta 

region of the Hinkler Well calcrete within the proposed Centipede mining area, as well as outside the 

mining areas within the modelled 1 m groundwater drawdown contour (Outback Ecology 2011a, 2012b).  

The broader distribution of Atopobathynella wattsi beyond the proposed mining impact areas means this 

species is not of conservation concern in relation to the proposed Millipede and Centipede 

developments. 

 

Copepoda 

Of the five copepod species collected from the Millipede resource area, four species (Fierscyclops fiersi, 

Halicyclops eberhardi, Nitokra sp. TK1, and Nitokra sp. TK2), have widespread distributions that extend 

well beyond the proposed Millipede and Centipede development impact areas having each been 

collected from other Lake Way associated calcretes (Lake Violet and/or Uramurdah), and, in case of 

Halicyclops eberhardi, Barwidgee Calcrete associated with Lake Maitland (Outback Ecology 2012a, b).  

Fierscyclops fiersi has been widely recorded within the Yilgarn region including locations outside the 

Carey Paleodrainage channel (Karanovic 2004).  Within the Hinkler Well calcrete system, Fierscyclops 
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fiersi has been collected further west of Millipede outside the proposed pit boundary but within the 

modelled 1 m groundwater drawdown contour.   

 

Halicyclops eberhardi has also been widely recorded from aquifers within the Yilgarn region (Karanovic 

2004, 2007a, b, 2009).  Genetic analysis of material from the Yeelirrie calcrete revealed presence of 

one, possibly two cryptic species (Subterranean Ecology 2010).  Therefore, the species may contain 

various species complexes across its full documented range in the Yilgarn, and these would require 

further research.  Within the Hinkler Well calcrete system, Halicyclops eberhardi has been commonly 

collected within the calcrete delta area from within both proposed Millipede and Centipede mine pits as 

well as from with the modelled 1 m groundwater drawdown contour.  In addition, the species distribution 

extends beyond the delta area over the Erawalla Fault uplift to the western portion of the Hinkler Well 

calcrete system.   

 

Within the Hinkler Well calcrete, both Nitokra sp. TK1 and Nitokra sp. TK2 were commonly collected 

from the delta area within both proposed mine pits as well as from within the modelled 1 m groundwater 

drawdown contour.  Although both species were not collected from beyond the modelled 0.5 m 

groundwater drawdown contour (i.e. non-impact area) within the Hinkler Well calcrete, Nitokra sp. TK1 

was collected from the Uramurdah calcrete and Nitokra sp. TK2 was collected from both the Lake Violet 

and Uramurdah calcretes (Outback Ecology 2011a, 2012b).  Both species are not considered to be of 

conservation concern  

 

The distribution of Schizopera sp. TK7 was expanded by the targeted survey with specimens collected 

from the Millipede resource area as well as further west along the Hinkler Well calcrete beyond the 

proposed mining areas but within the modelled 1 m groundwater drawdown zone.  Previously, 

Schizopera sp. TK7 had only been recorded from within the proposed Centipede pit boundary and was 

one of three species of potential conservation concern due to proposed mining excavation (Outback 

Ecology 2011a, 2012b).  The risk assessment conducted concluded that Schizopera sp. TK7 was not at 

risk by the implementation of the project due to the greater extent of suitable habitat outside the 

proposed impact zone.  This is indicated by the broader distribution of sympatric species including other 

Schizopera species, as well as by geological and hydrogeological assessments.  The broader 

distribution of Schizopera sp. TK7 demonstrated by the 2015 targeted survey highlights the previous 

vagaries faced in assessing a species distribution from only a few records, but also confirms the 

usefulness of biological surrogates (e.g. sympatric and/or closely related species) and physical 

surrogates (e.g. habitat from geology, hydrogeology and groundwater physicochemical attributes) to 

assess likely distributions.  The collection of Schizopera sp. TK7 from beyond the Centipede deposit 

provides further confirmation that the copepod species is more broadly distributed within and around the 

Hinkler Well calcrete and not confined to the proposed deposit areas only.  This species, along with the 

other four broadly distributed copepod species recorded from the Millipede deposit, are not considered 

to be species of conservation concern in relation to the proposed Millipede and Centipede 

developments.   

 

Oligochaeta 
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The distribution of the oligochaete Enchytraeidae-OES20 is widespread within the Hinkler Well calcrete 

occurring from the western portion of the Hinkler Well Calcrete through to the eastern delta area within 

the proposed Millipede pit.  The relatively broad distribution of this species is consistent with findings 

from other studies in the Goldfields, Pilbara, and Kimberley regions (Outback Ecology 2013a, 2014, 

Subterranean Ecology 2008a).  Genetic analysis of enchytraeids from non-calcrete habitat bordering 

Lake Austin revealed a relatively diverse assemblage with a number of the species present possessing 

relatively widespread distributions, one of which was recorded from the north of Lake Austin as well 

from the south indicating that the hypersaline conditions of the salt lake did not pose a barrier to 

dispersal (Leijs and King (2013) in (Outback Ecology 2013a).  Other genetic studies have demonstrated 

within a fractured rock aquifer system that only a single species was present that possessed a relatively 

widespread distribution exceeding a linear distance of 12 km (Outback Ecology 2014).  Genetic analysis 

of enchytraeids from the Yeelirrie calcrete system uncovered a diverse assemblage and seemed to 

indicate that each species sequenced possessed a limited distribution (Subterranean Ecology 2010).  

However, it is important to note that most of enchytraeid material collected was not sequenced and 

remained as indeterminate.  In addition, most locations from which enchytraeids were collected were not 

represented in the analysis.  

 

The taxonomy and ecology of the Enchytraeidae is poorly known, with no stygal species described to 

date (Pinder 2009, Pinder 2007).  These worms are commonly recorded in subterranean fauna surveys, 

and occur in both surface and subterranean aquatic systems (freshwater and marine), or semi-aquatic 

and terrestrial habitats (Outback Ecology 2014, Rota et al. 2007, van Vliet et al. 1997).  It is not known 

categorically whether Enchytraeidae-OES20 is strictly an aquatic (inhabiting the aquifer), semi-aquatic 

or terrestrial oligochaete species.  All enchytraeid material recorded from Yeelirrie was treated as semi-

aquatic (Subterranean Ecology 2010).  Terrestrial invertebrate fauna are often collected in stygofauna 

nets having either being dislodged from the soil profile during retrieval of the nets or collected from the 

water column into which they may have fallen (Outback Ecology 2011b, 2012a, 2013a, b, Subterranean 

Ecology 2008a, b).  Some Enchytraeidae species have been demonstrated to not be obligate 

groundwater inhabitants, with genetic data showing material collected in troglofauna traps were 

conspecific (same species) with material collected from stygofauna net hauls (Leijs 2013, Outback 

Ecology 2011b).  However, no Enchytraeidae-OES20 material was collected from the relatively 

substantial trapping effort conducted.  It is for this reason that Enchytraeidae OES20 is considered a 

putative stygofauna species, but not of conservation concern. 

 

Mining Excavation 

The proposed Millipede pit excavation poses a risk to the conservation of one stygofauna species, the 

amphipod Chiltoniidae-SAM6 that had not been recorded previously, and was the only stygofauna 

species not to have been found from beyond the proposed Millipede pit boundary.  No other species of 

stygofauna or troglofauna were considered of conservation concern in the context of the extension of 

the Wiluna project with the proposed implementation of the Millipede deposit development, as all 

species, except Chiltoniidae-SAM6, were found to be distributed beyond the proposed pit boundary.   
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Previous risk assessments concluded that the proposed development of the Centipede mining area and 

associated groundwater drawdown and infrastructure did not pose a long term conservation risk to any 

species of the Hinkler Well calcrete stygofauna priority ecological community or the Hinkler Well calcrete 

troglofauna assemblage (Outback Ecology 2011a, 2012b).  These conclusions were soundly based 

upon the greater extent of suitable habitat outside the proposed impact zone.  Suitability of this habitat 

was demonstrated by the broader distributions of the majority of subterranean fauna species recorded, 

as well as by geological and hydrogeological assessments.  The 2015 targeted survey demonstrated 

these conclusions to be valid, with the demonstrated broader distribution of Schizopera sp. TK7 that had 

previously been found only from within the Centipede deposit area.  This further confirmed the 

usefulness of biological surrogates (e.g. sympatric and/or closely related species) and physical 

surrogates (e.g. habitat from geology, hydrogeology and groundwater physicochemical attributes) to 

assess likely distributions.   

 

Although, the implementation of the Millipede deposit development will result in an accumulated 

excavation impact approximately twice the extent originally proposed for Centipede (i.e. proposed 

Millipede pit is approximately equal in area to proposed Centipede pit), sufficient habitat present outside 

the proposed pits and deeper groundwater drawdown depressions will still remain.  The extent of the 

modelled 0.5 m groundwater drawdown associated with the development of the Millipede and Centipede 

deposits will be similar to the previously modelled 0.5 m groundwater drawdown contour for dewatering 

of the Centipede deposit.  

 
The removal of habitat through mining excavation poses a conservation risk to only one of the eight 

stygofauna species recorded from within the proposed Millipede pit boundary.  The amphipod, 

Chiltoniidae-SAM6, was recorded from two Millipede bores only, Gt12 and Gt1-A.  It is not possible to 

reliably assess the distribution range of stygofauna species that are known from only one or two bores.  

The seemingly restricted distribution of a species to a single bore is likely to be an artefact of that 

species occurring at low population densities and/or possessing an irregular distribution in response to 

varying habitat factors, biological interactions and availability of energy resources (Boulton 2000, 

Boulton et al. 1998, Humphreys 2009).  It is considered unlikely that the actual species distribution is 

confined to such a limited area that was intercepted by a single bore.    

 

Biological and physical surrogates can assist in determining likely species distributions and addressing 

the artefact of sampling difficulties associated with subterranean fauna.  Reviewing records of closely-

related species, or species collected sympatrically (biological surrogates), and expanse of neighbouring 

geological habitat (physical surrogate) can provide further insight into the potential distribution patterns 

of species that are known from a few records only.  This was highlighted by the range expansion 

demonstrated for Schizopera sp. TK7 that had previously been found from within the Centipede deposit 

area only but whose wider distribution was initially hypothesised using physical and biological 

surrogates. 

 

Physical and biological evidence indicating the likely wider distribution of Chiltoniidae-SAM6 is as 

follows: 
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• Physical — The geological and hydrogeological assessments of the Hinkler Well calcrete indicate 

that the Millipede deposit is part of the same geological and aquifer unit as Centipede with both 

deposits hosted within the deltaic calcrete depositional setting.  The Hinkler Well calcrete delta 

extends from the lake playa for more than 6 km to the west to the Erawalla Fault.  Between the 

Erawalla Fault and the lake playa the calcrete profile varies in thickness from 0.5 m to 24 m (RPS 

Aquaterra 2010a).  The distribution of a number of the stygofauna species either side of the 

Erawalla Fault indicate that the uplift of the bedrock has not isolated the western portion of the 

Hinkler Well calcrete aquifer from the eastern delta aquifer system.  

• Biological: 

– Chiltoniidae-SAM6 was collected sympatrically with four stygofauna species, Atopobathynella wattsi, 

Fierscyclops fiersi, Halicyclops eberhardi, Nitokra sp. TK1, and Nitokra sp. TK2, all of which possess 

distributions that extend beyond the Millipede deposit into the broader Hinkler Well calcrete.  The 

broader distributions of the sympatric species recorded indicate that the aquifer sampled within the 

Millipede deposit is connected to, and forms part of the greater calcrete aquifer associated with the 

Hinkler Well calcrete (i.e. the groundwater associated with the Millipede deposit is not an isolated 

aquifer) which is consistent with the geological and hydrogeological evidence.   

– The closely related Chiltoniidae-SAM3 (8.9 to 9.5 % genetic divergence) is widely distributed within 

the Hinkler Well calcrete.  The geographical range of this species extends from the mesosaline to 

hypersaline groundwater conditions within the Centipede deposit more than 18 km to the west to the 

freshwater conditions within the western portion of the calcrete system.  In addition, Chiltoniidae 

species collected from Lake Violet and Uramurdah calcretes were demonstrated to possess relatively 

widespread distributions within their respective calcrete systems, with Chiltoniidae sp. SAM1b 

distribution extending from Lake Violet calcrete more than 30 km to the northwest to Millbillillie Bubble 

Well calcrete.  These species also displayed a tolerance for varying groundwater conditions from 

saline to freshwater conditions.  Chiltoniidae-SAM6 was collected from mesosaline groundwater 

conditions that became hypersaline at two metres depth.  Chiltoniidae-SAM6 is considered likely to 

display a similar tolerance to varying groundwater salinity levels and broader distribution range as 

displayed by other closely related chiltoniid species also from Lake Way associated calcrete systems. 

– Intra-specific (within species) genetic variation displayed between the two specimens of Chiltoniidae-

SAM6 sequenced was 1.2% which was marginally greater than that displayed for the more commonly 

collected Chiltoniidae-SAM3 with 1.1%.  The co-occurrence of a higher level of haplotype diversity 

among specimens collected within a limited geographical area can be an indication of a relatively 

large and more widespread population than location records may show.   

 

It is considered unlikely that the distribution of Chiltoniidae-SAM6 is confined to the Millipede deposit 

area and associated modelled groundwater drawdown contours when taking into account the physical 

and biological evidence that demonstrates: 

• presence of suitable and connected habitat beyond the proposed Millipede pit areas; and 

•  high likelihood that Chiltoniidae-SAM6 does possess a relatively widespread distribution and is able 

to tolerate varying groundwater salinities.   
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The implementation of the proposed mining of the Millipede and Centipede deposits are not considered 

likely to pose a long term conservation risk to Chiltoniidae-SAM6 when taking into consideration: 

• Limited area of habitat removal associated with mining excavation and associated dewatering 

groundwater drawdown, relative to the much greater expanse of adjacent habitat that would remain;  

• Broader distribution patterns and habitat preferences of closely related chiltoniid species; and  

• Broader distribution patterns of other members of the stygofauna assemblage, many of which were 

collected sympatrically.  

 

 

1.3 LAKE WAY MINING AREA 
Findings 

The distributions of the 36 species recorded from the Lake Way project survey area indicated: 

• thirty three (91.7%) taxa are known to occur from outside the proposed Lake Way mining area and 

associated 0.5 m modelled (with no barriers) groundwater drawdown contour impact zones; 

• all twelve species recorded from the mining area are known to have distribution ranges that extend 

beyond the proposed impact area; 

• fourteen of the 17 species recorded from within the 0.5 m modelled groundwater drawdown contour 

impact area are known to have distribution ranges that extend beyond the proposed impact area; 

• three of the 17 species are not known to have distribution ranges that extend beyond the 0.5 m 

modelled (with no barriers) drawdown contour. 

In the previous assessment report (Outback Ecology 2011a) Brevisomabathynella uramurdahensis 

(Bathynellacea) was stated as only occurring within the 0.5 m modelled groundwater drawdown contour 

(without barrier) at Lake Way project area.  However, since then a published molecular study has 

demonstrated that populations of this species also occur in Millbillillie Bubble Well calcrete (Abrams et al. 

2012).  The distribution range of Brevisomabathynella uramurdahensis from Uramurdah calcrete sites to 

Millbillillie Bubble Well calcrete 38 km to the north-west indicates that contiguous habitat exists across the 

northern Lake Way calcrete systems, including the Lake Violet calcrete.  In addition, the alignment of DNA 

sequence data with previously sequenced material from Millbillillie Bubble Well and Lake Violet calcretes 

indicated that Limbodessus wilunaensis (Coleoptera) is more widely distributed and not confined to 

Uramurdah calcrete (Leijs (2010)).   

Recent DNA analysis indicated that the Uramurdah specimens of what was previously referred to as 

Chiltoniidae sp. SAM1 represent a separate genetic lineage to their Lake Violet and Millbillillie Bubble Well 

calcrete counterparts, Chiltoniidae sp. SAM1b (Leijs et al. (2012).  The Uramurdah lineage, Chiltoniidae sp. 

SAM1a, displayed an intra-lineage variation for the CO1 fragment sequenced of 0.6 to 1.64 % and an inter-

lineage divergence from the Chiltoniidae sp. SAM1b lineage of 1.86 to 3.47% (Leijs et al. (2012).  Published 

molecular studies of Chiltoniidae species from the Pilbara, Yilgarn and North America have found inter-

specific divergence levels to range from greater than 4% (Witt et al. 2006), greater than 6% (Finston et al. 

2007), and greater than 11% (Bradford et al. 2010).  The determination of whether or not the Uramurdah 
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calcrete Chiltoniidae sp. SAM1a lineage represents a separate species or a population of Chiltoniidae sp. 

SAM1b cannot be solved from imposing a CO1 pairwise genetic divergence threshold.  Instead, further 

analysis would be required using population level genetic markers, such as microsatellites, that would be 

more appropriate to analysing such closely related genetic lineages. 

The three species of conservation concern because their distributions have not been recorded from outside 

the modelled 0.5 m drawdown contour are: 

• Paramelitidae sp. SAM2 (Amphipoda); 

• Brevisomabathynella sp. OES6 (Bathynellacea); and 

• Parapseudoleptomesochra sp. ?TK2 (Copepoda). 

 

Mining Excavation 

For the Lake Way project area, none of the 12 species recorded from within the mining area are of 

conservation concern through mining excavation as all species are known to have distribution ranges that 

extend beyond the mining impact area.  It was previously reported in Outback Ecology (2011a) that a single 

species, Kinnecaris sp. TK2 (Copepoda), was confined to the proposed Lake Way mining area.  However, 

Kinnecaris TK2 was recently considered to be the same species as Kinnecaris sp. TK1 recorded from 

Hinkler Well and Lake Violet calcretes and formally described as Kinnecaris lakewayi (Karanovic and 

Cooper 2011).   

Groundwater Drawdown 

The removal of habitat through the lowering of the groundwater table through mine pit dewatering poses a 

risk to three species whose distributions were not recorded from beyond the 0.5 m modelled drawdown 

zone: 

• Brevisomabathynella sp. OES6, Paramelitidae sp. SAM2, and Parapseudoleptomesochra sp. ?TK2. 

Of the 14 stygofauna species collected from within the 0.5 m modelled groundwater drawdown contour in 

the Lake Way Project survey area, three species, Brevisomabathynella sp. OES6, Paramelitidae sp. SAM2, 

and Parapseudoleptomesochra sp. ?TK2, were not recorded from outside the 0.5 m drawdown zone.  All 

three Lake Way species of conservation concern were found to occur sympatrically at bore LW7 along with 

seven other, more widely distributed stygofauna species, including other Brevisomabathynella 

(Brevisomabathynella uramurdahensis), and Parapseudoleptomesochra (Parapseudoleptomesochra sp. 

TK1) species.  All three species of conservation concern were only collected on one occasion.   

The calcrete habitat in the vicinity of LW7 is relatively extensive. Bore LW7 is located more than 850 m from 

the proposed Lake Way mine pit boundary within the main body of the Uramurdah calcrete where the 

calcrete is up to 15 m thick with approximately 7 m saturated.   The Uramurdah calcrete extends for more 

than 10 kms to the north of LW7 and extends in an east to west direction for more than 5 kms.  Within the 

vicinity of LW7, habitable geology will remain saturated during the operational life of the proposed Lake 
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Way mining area inside the modelled 0.5 m drawdown contour as well as outside in adjoining calcrete 

habitat.  The apparent restricted distribution of these three species is more likely to be an artefact of 

sampling and the difficulty in detecting subterranean species that can exist at low population density levels 

and possess irregular distributions. 

The proposed groundwater drawdown greater than 0.5 m is not considered to pose a significant risk to the 

long term persistence of the three species Brevisomabathynella sp. OES6, Paramelitidae sp. SAM2, and 

Parapseudoleptomesochra sp. ?TK2 because: 

• broader distribution patterns and habitat preferences of other members of the stygofauna assemblage 

that were collected from LW7, indicate the presence of suitable habitat adjacent to and outside of the 

modelled 0.5 m drawdown contour; 

• likelihood that each species possesses a wider distribution range within the Uramurdah calcrete system 

that extends well beyond the modelled 0.5 m drawdown zone (without barriers) associated with the 

Lake Way mining area; and 

• extent of saturated habitat that would persist in the the vicinity of LW7 during the operational life of the 

Lake Way mining area.  

 

1.4 WEST CREEK BOREFIELD 
Findings 

The distributions of the 35 species recorded from the West Creek Borefield project survey area indicated: 

• thirty one (88.6%) taxa are known to occur from outside the proposed borefield 0.5 m modelled 

groundwater drawdown contour impact zone; 

• eighteen of the 23 species recorded from within the 0.5 m modelled groundwater drawdown 

contour impact area are known to have distribution ranges that extend beyond the proposed impact 

area; and 

• five of the 23 species are not known to have distribution ranges that extend beyond the modelled 

0.5 m drawdown contour. 

The alignment of DNA sequence data extracted from specimens from Bores Windmill in the West Creek 

borefield project survey area with previously sequenced material of the described Limbodessus millbilliensis 

(Coleoptera) from Millbillillie Bubble Well showed the distribution of this dytiscid beetle species ranges for at 

least 20 km along the West Creek drainage catchment (Leijs (2010) and Leijs et al. (2012).  The 

demonstrated distribution ranges of Limbodessus millbilliensis support the proposed notion that the calcrete 

aquifer extends from Millbillillie Bubble Well calcrete approximately 18 km to the north-east of the borefield 

to the Lake Violet calcrete (Aquaterra 2010).   

The five species of conservation concern because their distributions have not been recorded from outside 

the modelled 0.5 m drawdown contour are: 
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• Chiltoniidae sp. SAM2 (Amphipoda); 

• Brevisomabathynella sp. SAM3 (Bathynellacea);  

• Brevisomabathynella sp. SAM4 (Bathynellacea); 

• Parabathynellidae sp. OES13 (Bathynellacea); and 

• Parapseudoleptomesochra sp. TK2 (Copepoda). 

 

Groundwater drawdown 

The removal of habitat through the lowering of the groundwater table through groundwater abstraction for 

the Projects water supply poses a risk to five species whose distributions were not recorded from beyond 

the 0.5 m modelled drawdown zone.  These species are:  

• Brevisomabathynella sp. SAM3, Brevisomabathynella sp. SAM4, Chiltoniidae sp. SAM2, 

Parabathynellidae sp. OES13, and Parapseudoleptomesochra sp. TK2. 

Of the 23 stygofauna species collected from within the 0.5 m modelled groundwater drawdown contour of 

the proposed West Creek Borefield these five species were recorded from within the modelled borefield 

groundwater drawdown of greater than 3 m and are not known to have distribution ranges that extend 

beyond the modelled 0.5 m drawdown contour.   

The five species of conservation concern were collected from bores that intercepted the north western 

portion of the Lake Violet calcrete that extends beneath colluvial sediments.  The Lake Violet calcrete 

extends from the north western border of the Lake Way playa north, where it is exposed at the surface, 

westwards beneath the soil cover to beyond the proposed borefield bores with thickness varying from 5 m 

to 20 m (Aquaterra 2010).  Aquaterra (2010) considered it plausible that the calcrete aquifer occurs right 

along the 32 km West Creek drainage system to the Millbillillie Bubble Well calcrete located in and beyond 

a narrow valley in the Finlayson Range 18 km to the north west of the borefield.  This notion is supported by 

genetic results reported in Abrams et al. (2012), Outback Ecology (2011), and herein, that demonstrated 

the distribution of amphipod, Bathynellacea and dytiscid species to extend from Millbillillie Bubble Well 

calcrete to Lake Violet and Uramurdah calcretes.   

The distributions of the five species only detected from inside the modelled 0.5 m groundwater drawdown 

contour are unlikely to be restricted to the immediate vicinity of the bores from which they were collected.  

As noted for the other project areas, the distribution patterns of the majority of species detected from these 

bores indicate the presence of a wider extent of contiguous suitable habitat occurring along the West Creek 

drainage catchment to the north-west and south-east of the proposed borefield.  The apparent restricted 

distributions are more likely to be an artefact of the limited sampling from a wider area outside of the 

predicted drawdown contours and the difficulty in detecting subterranean species that can often exist at low 

population density levels and posses irregular distributions in space and time.   
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Bores Windmill, P18, and P22 are located in the modelled 3 to 4 m drawdown contour zone, with P70 

occuring within the 4 to 5 m drawdown contour zone.  It is estimated that a considerable portion of the 

calcrete profile would stay saturated within the drawdown area with a potential maximum saturated zone of 

approximately 20 m remaining.  Aquaterra (2010) estimated under the expanded borefield scenario 6, that 

60 % of the saturated thickness would be maintained with a 40 % permissable drawdown over 10 years of 

extraction.   

It is worth noting that water abstraction for mining has occurred in the past at West Creek.  Although, no 

stygofauna baseline data was collected prior, all the usual taxonomic components of a stygofauna 

assemblage found within other calcrete systems (eg Amphipoda, Dystiscidae, Bathynellacea, Copepoda, 

Oligochaeta and Ostracoda species), are present at West Creek with a species richness comparable to 

other areas.  This gives an indication that the stygofauna assemblage present at West Creek was either 

robust enough to withstand the impacts of the groundwater drawdown regime imposed, or was able to 

recolonise from surrounding habitat, or a combination of both.   

The proposed groundwater drawdown of 0.5 to 5 m is not considered to pose a significant risk to the long 

term persistence of the five species because: 

• likelihood that each species has a wider distribution range within the Lake Violet calcrete system that 

extends beyond the 0.5 m drawdown zone associated with the proposed West Creek borefield. 

• broader distributions of other members of the stygofauna assemblage that were collected from within 

the proposed borefield that indicate the presence of suitable habitat adjacent to and outside of the 

modelled 0.5 m drawdown contour; 

• likelihood that each of the species of conservation concern possess distributions that range beyond the 

modelled 0.5 m drawdown zone of the proposed borefield; and 

• extent of saturated habitat that would persist within the modelled 0.5 m drawdown contour during the 

operational life of the proposed borefield.  

 

1.5 LAKE MAITLAND MINING AREA 
Findings 

In total, 27 species were collected with an additional species, Limbodessus usitatus (Coleoptera: 

Dytiscidae), that was not collected in this study has been recorded from the Barwidgee calcrete previously 

from outside the LMUP impact zones (Watts and Humphreys 2006) bringing the total number of species 

recorded to 28.  Important findings were: 

• stygofauna diversity and abundance was greatest from within the calcrete habitats of the Carey 

palaeovalley associated with the Barwidgee calcrete system and northern Lake Maitland playa with all 

seven higher level taxonomic groups present, represented by 23 species. 

• stygofauna diversity and abundance was much lower in the upper tributary catchment area to the north 

of Lake Maitland associated with the proposed borefield, which is characterised by weathered 
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basement geologies of the Yandal greenstone belt (Golder Associates 2011).  Only two higher level 

groups, Copepoda and Oligochaeta were present, represented by six species. 

The pattern of higher stygofauna species diversity and abundance from palaeochannel calcrete associated 

geologies is consistent with other published findings in the Yilgarn region (Humphreys et al. 2009, Outback 

Ecology 2011a, Watts and Humphreys 2006).  The diversity of the Barwidgee calcrete stygofauna PEC 

recorded was comparable to the Lake Way associated calcrete PEC’s , Lake Violet, Hinkler Well and 

Uramurdah, that have at least 36, 29, and 23 species recorded to date, respectively (Humphreys et al. 

2009, Outback Ecology 2011a).    

Of the ten species recorded from the Mining operations resource impact area: 

• four species, representing 14.8 % of the total number of species recorded (28), were unique to the 

designated area.  However, stygophiles Halicyclops eberhardi and Ameiropsyllus sp. TK1 have been 

found to occur in other studies from outside the LMUP area.  Therefore, only two species, Chiltoniidae 

sp. SAM4, and Schizopera sp. TK1 have not been found to occur outside the Mining operations 

resource area; 

• three species (10.7 %), Halicyclops sp. TK1, Halicyclops sp. TK2, and Haloniscus sp. OES1, were 

shared with the Mining operations modelled groundwater drawdown (> 0.5 m) impact area; 

• five species (17.9 %), Halicyclops sp. TK1, Halicyclops sp. TK2, Nitokra lacustris, Nitokra sp. TK3, and 

Naididae sp. OES2, were also shared with the non-impact area outside of the Mining operations 

modelled 0.5 m drawdown contour; and  

• no species were shared with the Borefield groundwater drawdown (> 0.5 m) impact area or the non-

impact area in the northern catchment outside of the modelled borefield drawdown contour of 0.5 m. 

Of the eight species recorded from the Mining operations modelled groundwater drawdown (> 0.5 m) 

impact area: 

• no species were found to be unique to the designated area; 

• three species, Halicyclops sp. TK1, Halicyclops sp. TK2 and Haloniscus sp. OES1, referred to above, 

were shared with the Mining operations resource area.  Of these, Haloniscus sp. OES1, has not been 

found to occur outside the Mining operations drawdown contour of 0.5 m; 

• seven species (25.9 %), Chiltoniidae sp. OES1, Halicyclops sp. TK1, Halicyclops sp. TK2, Schizopera 

sp. TK5, Schizopera sp. TK6, Schizopera sp. TK8, and Candonopsis dani, were shared with the non-

impact area outside of the Mining operations drawdown contour of 0.5 m; and  

• no species were shared with the Borefield groundwater drawdown (> 0.5 m) impact area or the non-

impact area in the northern catchment outside of the borefield groundwater drawdown contour of 0.5 m. 

Of the 19 species known to occur from the non-impact area outside of the Mining operations area modelled 

drawdown contour of 0.5 m: 
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• seven species (25.9 %),  Atopobathynella sp. OES6, Bathynellidae sp. OES1, Limbodessus 

barwidgeensis, Limbodessus usitatus, Halicyclops sp. TK3, , Kinnecaris sp. TK3, and Candonopsis sp. 

IK2, were unique to the designated area; 

• five species (17.9 %), Halicyclops sp. TK1, Halicyclops sp. TK2, Nitokra lacustris pacifica, Nitokra sp. 

TK3, and Naididae sp. OES2, referred to above, were shared with the Mining operations resource area; 

• seven species (25.9 %), Chiltoniidae sp. OES1, Halicyclops sp. TK1, Halicyclops sp. TK2, Schizopera 

sp. TK5, Schizopera sp. TK6, Schizopera sp. TK8, and Candonopsis dani, referred to above, were 

shared with the Mining operations groundwater drawdown (> 0.5 m) impact area; and 

• two species, Enchytraeidae sp. OES1 and Enchytraeidae sp. OES2 were shared with the Borefield 

groundwater drawdown (> 0.5 m) impact area; 

• one species, Enchytraeidae sp. OES1, was shared with the non-impact area outside of the borefield 

drawdown contour of 0.5 m; 

The removal of habitat through mining excavation poses a risk to two of the three species that are of 

conservation concern. These are Chiltoniidae sp. SAM4 and Schizopera sp. TK1. 

Chiltoniidae sp. SAM4 

Chiltoniidae sp. SAM4 is known from three specimens collected in March, 2010 from bore EH01, the only 

time the bore was sampled.  Bore EH01 is located south of the surface expression of the Barwidgee 

calcrete within the lower lying areas fringing the lake playa where groundwater salinity levels present in the 

upper stratum of the water column of the bore were hypersaline (105.9 mS/cm).  The low lying environment 

fringing the lake playa is relatively extensive and consists at the surface of clays/silts with a salt crust.  

The bore lithology for EH01 is not known.  Known lithologies of bores BH06 and BH09 to the east of EH01 

recorded substantial calcrete strata at depths greater than 10 m bgl (RPS Aquaterra 2010).  While to the 

west of EH01, calcrete was expressed at the surface at bore BH10 (RPS Aquaterra 2010).  The surface 

calcrete layer extended to 4 m bgl with the standing water level occurring at 2.84 m bgl resulting in 1.16 m 

of saturated calcrete (RPS Aquaterra 2010).  At EH01, a thin persistent layer, less than 1 m in thickness, of 

brown gypcrete/brecciated calcrete that is fractured and sometimes vuggy, was observed to be present 

approximately 2 m bgl with an underlying layer of low permeable clay (RPS Aquaterra 2010).  This thin 

band of brown gypcrete/brecciated calcrete was observed to be present in at least seven of the ten 

hydrogeological testing locations conducted at and near to bores BH06, BH08, BH11, EH05, LMAC0147 

and LMAC0168 that are located across the southern half of the northern lake playa system (RPS Aquaterra 

2010).  How extensive this thin band of gypcrete/brecciated calcrete is outside of the resource area has not 

been investigated.  However, the low lying environment fringing the lake playa, beneath which the thin 

persistent layer of gypcrete/brecciated calcrete is known to occur, does extend beyond the resource area to 

the west of EH01 and to the south within the southern lake playa system.   

The distribution ranges and habitat preferences of stygofauna species that are known from only a few 

records are difficult to reliably assess.  The seemingly restricted distribution of a species to only one or two 

bores is likely to be an artefact of that species occurring at low population densities and/or possessing an 

irregular distribution in response to varying habitat factors, biological interactions and availability of energy 
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resources (Boulton 2000, Boulton et al. 1998, Humphreys 2009), rather than the actual distribution being 

confined to such a limited area that perchance was intercepted by a single bore.  Reviewing records of 

closely related species, or species collected sympatrically, can provide further insight into the potential 

distribution patterns and habitat preferences of species that are known from a few records only.   

Genetic data was successfully sequenced from Chiltoniidae sp. SAM4 specimens collected to confirm 

morphological determination and to investigate evolutionary relatedness with other Chiltoniidae species 

from the Carey palaeodrainage system.  The phylogenetic analysis of the CO1 gene fragment sequenced 

showed the intraspecific genetic divergence was 2.4 % for the two Chiltoniidae sp. SAM4 specimens that 

were collected in the same sample (Leijs 2011).  This undescribed species is morphologically and 

genetically distinct from the more abundant and widely distributed Chiltoniidae sp. OES1 that was also 

collected in this study (Leijs 2011).  DNA sequence data showed Chiltoniidae sp. SAM4 was more closely 

related to Chiltoniidae sp. OES1, with a genetic divergence of 13.8 to 14.9 %, compared to other Chiltoniid 

species sequenced from Lake Way associated calcretes that showed a genetic divergence of 15.6 to 

17.1 % (Leijs (2011).   

In this study Chiltoniidae sp. OES1 has been shown to occur throughout the Barwidgee calcrete, ranging 

from near the resource area to more than 10 km westward, and to exist in groundwater environments that 

range in salinities from hyposaline to mesosaline.  In the Lake Way associated calcretes, two chiltoniid 

species have been confirmed by molecular analysis to be relatively widespread and to also exist within a 

broad range of groundwater salinity levels (Outback Ecology 2011a).  Chiltoniidae sp. SAM3 from the 

Hinkler Well calcrete was demonstrated to have a distribution that ranged from along the margin of the Lake 

Way playa, in hypersaline groundwater environments that exceeded 108 mS/cm, to more than 16 km 

westward up the Hinkler Well calcrete, in fresh groundwater with salinity levels as low as 2.6 mS/cm 

(Outback Ecology 2011a).  More commonly, the salinity levels that Chiltoniidae sp. SAM3 specimens were 

collected from were in the hyposaline (5─30 mS/cm) to mesosaline (30─70 mS/cm) range.  The distribution 

range of Chiltoniidae sp. SAM1 was found to extend for more than 30 km from Millbillillie Bubble Well 

calcrete, approximately 18 km north west of Wiluna, to Uramurdah calcrete, approximately 14 km south 

east of Wiluna (Outback Ecology 2011a).  The salinity levels that Chiltoniidae sp. SAM1 specimens were 

recorded from also ranged from hyposaline to mesosaline groundwater environments (Outback Ecology 

2011a).  The predominant geological habitat present at the location that each of the chiltoniid species 

discussed above were collected from contained calcrete.  The possible exception to this may be for the 

bores located near to the Lake Way playa in which Chiltoniidae sp. SAM3 was recorded where the amount 

of calcrete that may have been present was not known.  The data collated indicate that, although chiltoniid 

species can tolerate hypersaline environments near to salt lake playas where the extent of calcrete may be 

limited, the preferred environments where species were more commonly collected are less saline conditions 

within calcrete geologies.  

Four other species of stygofauna collected sympatrically with Chiltoniidae sp. SAM4 from Bore EH01, 

Halicyclops sp. TK1, Halicyclops sp. TK2, Nitokra lacustris pacifica, and Nitokra sp. TK3, were also 

recorded from bores outside of the Mining operations impact areas.  Each of these species was found to be 

able to exist within a broad range of groundwater salinity levels ranging from the hypersaline environment 

near to the lake playa to hyposaline conditions further westward up the Barwidgee calcrete system at and 
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beyond Little Well.  The broader distributions and habitat preferences of these four species indicate that 

contiguous habitable saturated geologies do extend beyond the Mining operations impact areas from along 

the margins of the northern lake playa system.  

A wider distribution range beyond the Mining operations resource area was not demonstrated by this study, 

or from other accessible records for the area, for Chiltoniidae sp. SAM4.  However, when considering the 

wider expanse of potential habitat outside of the resource area, the wider distribution patterns and habitat 

preferences of other chiltoniid species, as well as other sympatric stygofauna, it is likely that the distribution 

range of Chiltoniidae sp. SAM4 is of wider extent within the Barwidgee calcrete ─ Lake Maitland playa 

system and not confined to the immediate vicinity of the bore from which it was collected.   

The proposed mining of the resource area is not considered likely to pose a long term conservation risk to 

Chiltoniidae sp. SAM4 when taking into consideration the: 

• limited area of calcrete habitat removal associated with mining excavation, relative to the much 

greater expanse of adjacent calcrete habitat remaining; 

• broader distribution patterns and habitat preferences of other chiltoniid species;  

• broader distributions habitat preferences of other sympatric members of the stygofauna 

assemblage; and 

• expected operational life of the LMUP (12 years).  

Schizopera sp. TK1 

The distribution of Schizopera sp. TK1 is known to extend for over 10 km from the northern resource area 

down to the southern resource area.  Six specimens of Schizopera sp. TK1 were collected in May, 2007 

from bores LMAC0352 and LMAC0448, and in March, 2010 from bore EH01.  Only bore LMAC0352 was 

sampled on one further occasion in 2008, but no additional specimens were collected.  All three bores 

occur within the lower lying areas fringing the lake playa where groundwater salinity levels present in the 

upper stratum of the water column of the each bore was hypersaline with values ranging from 105.9 to 

132.3mS/cm.  The range in salinity levels other more widely distributed Schizopera species have been 

recorded from in this study as well as from Lake Way (Outback Ecology 2011a) range from hyposaline to 

hypersaline conditions.   

The bore lithology for EH01, as discussed above, is not known.  However, lithologies for bores LMAC0352 

and LMAC0448 indicate that Schizopera sp. TK1 is not confined to calcrete habitat only.  For LMAC0352, 

no calcrete was present with saturated strata present consisting of clay and ferricrete.  For LMAC0448, over 

1.4 m of saturated calcrete habitat was recorded.   

Schizopera sp. TK1 has been collected sympatrically with seven species, Ameiropsyllus sp. TK1, 

Halicyclops sp. TK1, Halicyclops sp. TK2, Haloniscus sp. OES1, Naididae sp. OES2, Nitokra lacustris 

pacifica, and Nitokra sp. TK3.  The distributions of these seven species extended beyond the Mining 

operations resource area further to the west up the Barwidgee calcrete body and all are known to occur in 

less saline groundwater and within more substantial calcrete habitats.  The broader distributions and habitat 

preferences of these sympatric species indicate that contiguous habitable saturated geologies do extend 
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beyond the Mining operations resource area from along the margins of the northern lake playa system from 

where Schizopera sp. TK1 was recorded.  

A wider distribution range beyond the Mining operations resource area was not demonstrated by this study, 

or from other accessible records for the area, for Schizopera sp. TK1.  However, when considering the 

wider expanse of potential habitat outside of the resource area, the wider distribution patterns and habitat 

preferences of other Schizopera species, as well as other sympatric stygofauna, it is likely that the 

distribution range of Schizopera sp. TK1 is of wider extent within the Barwidgee calcrete ─ Lake Maitland 

playa system and not confined to the mining operations resource area.   

The proposed mining of the resource area is not considered likely to pose a long term conservation risk to 

Schizopera sp. TK1 when taking into consideration the: 

• limited area of calcrete habitat removal associated with mining excavation, relative to the much greater 

expanse of adjacent calcrete habitat remaining; 

• broader habitat preferences of other Schizopera species;  

• broader distribution patterns and habitat preferences of other members of the stygofauna assemblage 

that were collected sympatrically; and 

• broader distributions habitat preferences of other sympatric members of the stygofauna assemblage; 

Groundwater Drawdown  

The removal of habitat through the lowering of the groundwater table through mine pit dewatering poses a 

risk to Haloniscus sp. OES1, one of the three species that are of conservation concern.  Groundwater 

drawdowns of less than 0.5 m fall within the natural variation in standing water levels recorded from the 

mining operations area, with fluctuations commonly ranging from ± 0.1 to 0.3 m, with less common 

variations occurring in the range of ± 0.6 to 1.26 m.  Groundwater drawdowns that exceed the natural 

variation as a result of human activities are considered to directly impact on stygofauna because can 

reduce the vertical extent of habitat available (EPA 2007).    

Haloniscus sp. OES1 

The stygal isopod species Haloniscus sp. OES1 has a distribution that extends outside of the resource area 

but has not been collected from outside the mining operations modelled 0.5 m drawdown contour.  This 

species is known from 15 specimens collected in total over the May, 2007, December, 2008, March and 

August, 2010, and March 2011 surveys.  Eight specimens were collected from within the resource area 

from bores LMAC0012, LMAC0352, and LMAC0448.  The remaining seven specimens were from within the 

0.5 m drawdown contour from bores LMAC0545 and LMST008.   

Haloniscus sp. OES1 specimens have been recorded from hyposaline and hypersaline environments.  The 

salinity levels recorded in the resource area were hypersaline and ranged from 80 mS/cm at bore 

LMAC0012 to as high as 132.3 mS/cm at bore LMAC0448.  Outside of the resource area within the 

modelled 0.5 m drawdown, conditions further west up the main Barwidgee calcrete body were hyposaline 

(20.09 mS/cm) at bore LMST008, but to the north were hypersaline (75.5 mS/cm).  
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Bore lithologies for LMAC0012, LMAC0352, LMAC0448 and LMAC545 indicate that Haloniscus sp. OES1 

can occur in non-calcrete sediments.  For LMAC0352, no calcrete was present with saturated strata present 

consisting of clay and ferricrete.  For LMAC0012, near the eastern margin of the surface expression of the 

main Barwidgee calcrete body, calcrete began at 1.5 m bgl and was approximately 5 m thick and was 

mostly saturated with SWL’s ranging from 1.5 to 1.8 m bgl.  For LMAC0448 and LMAC545, the vertical 

extent of calcrete was less with only 1.43 m and 0.5 m saturated calcrete habitat present, respectively.   

The bore lithology for LMST008 is not known but the bore is situated on the main Barwidgee calcrete body, 

which is expressed near to the surface, in similar surface habitat to what exists at bores Little Well, LT104, 

LT105 and LT107 that occur westward beyond the 0.5 m drawdown contour.  Although the vertical extent of 

saturated calcrete present at LMST008 is unknown, the Barwidgee calcrete formation has been 

characterised as been generally between 7 and 10 m thick (Golder Associates 2011).  Standing water 

levels recorded at LMST008 ranged from 4.25 to 4.34 m bgl.  Therefore, it is plausible that approximately 3 

to 6 m of saturated could be present in the vicinity of LMST008.  As this area would be subjected to a 

modelled drawdown of between 0.5 to 1 m, approximately 2 to 5 m of saturated calcrete would still remain 

after proposed 12 years of abstraction without mitigation.   

It is likely that the distribution range of Haloniscus sp. OES1 does occur outside the Mining operations 

modelled 0.5 m drawdown contour.  The surface expression of the Barwidgee calcrete body extends for a 

least 10 km westward of the 0.5 m drawdown contour along the palaeochannel towards Lake Way (Figure 

5, Figure 9).  In addition, Haloniscus sp. OES1 has been collected sympatrically with six other stygofauna 

species, Chiltoniidae sp. OES1, Ameiropsyllus sp. TK1, Halicyclops eberhardi, Halicyclops sp. TK1, 

Halicyclops sp. TK2, and Naididae sp. OES2, whose distributions extend beyond the Mining operations 

impact areas further to the west up the Barwidgee calcrete body.  The broader distributions of these 

sympatric species and the extent of the habitat indicated by the surface expression of the Barwidgee 

calcrete reveal that contiguous habitable saturated geologies do extend beyond the Mining operations 

impact areas from where Haloniscus sp. OES1 was recorded.  

The modelled groundwater drawdowns associated with the proposed mining of the resource area is not 

considered likely to pose a long term conservation risk to the stygal isopod, Haloniscus sp. OES1, when 

taking into consideration the: 

• the depth of the modeled groundwater drawdowns within the 0.5 to 1 m drawdown contours are not 

considered to be of a large enough magnitude to lower the SWL to such an extent to render the 

inhabited subterranean environments present uninhabitable;   

• large lateral and vertical extent of adjacent calcrete habitat remaining outside of the Mining operations 

impact areas;  

• broader distribution patterns of other members of the stygofauna assemblage that were collected 

sympatrically; and 

• broader distributions habitat preferences of other sympatric members of the stygofauna assemblage; 
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1.5 LAKE MAITLAND BOREFIELD AREA 
Of the three species recorded in this study from the Borefield groundwater drawdown (> 0.5 m) impact area: 

• one species, Australocamptus similis, was unique to the area.  However, Australocamptus similis has 

been found to occur in other studies from outside the LMUP area.  Therefore, no species have been 

found to be confined to the Borefield’s modelled 0.5 m drawdown contour; 

• two species, Enchytraeidae sp. OES1 and Enchytraeidae sp. OES2, referred to above, were shared 

with the non-impact area outside of the Mining operations area modelled drawdown contour of 0.5 m 

• one species, Enchytraeidae sp. OES1, was shared with the non-impact area outside of the borefield 

drawdown contour of 0.5 m. 

• no species were shared with the Mining operations resource or drawdown (> 0.5 m) impact areas. 

Of the four species recorded in this study from the non-impact area in the northern catchment outside of 

the borefield groundwater drawdown contour of 0.5 m: 

• three species, Mesocyclops brooksi, Microcyclops varicans, and Naididae sp. OES1, were unique to the 

area. However, both Mesocyclops brooksi and Microcyclops varicans have been found to occur in other 

studies from outside the LMUP area;  

• one species, Enchytraeidae sp. OES1, referred to above, was in common with both the Borefield impact 

area as well as the non-impact area outside of the Mining operations area; and 

• no species were shared with both the Mining operations impact areas. 

 

1.5 LAKE MAITLAND REINJECTION SCHEME 
For the Lake Maitland project area, Toro are proposing a groundwater reinjection scheme in and around the 

Lake Maitland playa and associated Barwidgee calcrete system to manage water from mine pit dewatering 

that is surplus to reuse in the operational water supply (Pennington Scott 2015) (Figure 1, Figure 2).  This 

process will involve the reinjection of hypersaline water taken from the ore body into aquifers of comparable 

salinity levels within the project area. The previous Lake Maitland stygofauna fauna assessments 

completed for Mega Uranium in 2012 had addressed the main direct impacts of mining excavation and 

associated groundwater drawdown.  However, the potential impacts of groundwater reinjection on 

stygofauna at Lake Maitland were not assessed.   

The reinjection of hypersaline water into fresh water systems has the potential to render groundwaters 

unsuitable for habitat by subterranean fauna populations which may compromise the continuing viability of 

populations/species present.  The mounding associated with reinjection has the potential to spread 

hypersaline water within the local aquifers and could potentially impact the stygofauna in the Barwidgee 

calcrete.   

The modelled results of two conceptual reinjection scenarios by Pennington Scott (2015) were mapped in 

conjunction with groundwater quality results and stygofauna species distributions previously recorded 
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(Figure 2 to Figure 9).  The salinity levels recorded (as Electrical Conductivity (EC)) from within the 

proposed mining area that is situated primarily within the lake playa are hypersaline ranging to as high as 

176 mS/cm.  The salinity level of the upper groundwater strata declines with distance from the lake playa 

northwestwards up the Barwidgee calcrete.  The salinity of the groundwater recorded within the vicinity of 

the proposed processing plant near the reinjection bores ranges from 33 to 38 mS/cm.  Further up the 

calcrete towards Little Well the upper groundwater strata becomes fresher and extends to greater depth.   

The proposed placement of the reinjection bores on the actual Barwidgee calcrete where the upper 

groundwater three to five times less saline than the groundwater within the proposed pit areas that would 

be reinjected would pose a risk to the integrity of the calcrete habitat hosting the Barwidgee calcrete Priority 

Ecological Community.  It is recommended that alternative reinjection sites where groundwaters are of 

comparable quality be further investigated.  In future engineering studies Toro will look at methods to 

ensure that hypersaline and fresh waters do not mix, such as different borefield configurations, more 

effective water barriers and altering mining schedules and areas to minimise the need for dewatering and 

thus reinjection. 
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Figure 1:  Overview Lake Maitland Project including proposed reinjection borefield scenarios 
WellsM4A and M4B.  
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Figure 2:  Overview Lake Maitland mining operations area.  Values in yellow indicate salinity 
levels (as Electrical Conductivity (EC) mS/cm).  
 



 
 

 

Figure 3:  Recorded Amphipoda taxa distributions.  Values in yellow indicate salinity levels (as Electrical Conductivity (EC) mS/cm).  
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Figure 4:  Recorded Bathynellacea taxa distributions.  Values in yellow indicate salinity levels (as Electrical Conductivity (EC) mS/cm).  
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Figure 5:  Recorded Dytiscidae (Coleoptera) taxa distributions.  Values in yellow indicate salinity levels (as Electrical Conductivity (EC) 
mS/cm).  
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Figure 6:  Recorded Cyclopoida (Copepoda) taxa distributions.  Values in yellow indicate salinity levels (as Electrical Conductivity (EC) 
mS/cm).  
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Figure 7:  Recorded Harpacticoida (Copepoda) taxa distributions.  Values in yellow indicate salinity levels (as Electrical Conductivity (EC) 
mS/cm).  
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Figure 8:  Recorded Isopoda taxon distribution.  Values in yellow indicate salinity levels (as Electrical Conductivity (EC) mS/cm).  
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Figure 9:  Recorded Oligochaeta taxa distributions.  Values in yellow indicate salinity levels (as Electrical Conductivity (EC) mS/cm).  
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