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EXECUTIVE SUMMARY 
Cameco Australia Pty Ltd (Cameco) are proposing to mine uranium at the Yeelirrie Project using an 
open pit method of mining.  In addition to removal of the calcrete body hosting the uranium, de-
watering of the calcrete and groundwater abstraction from some surrounding areas will be required.  
This loss of subterranean habitat is relevant because the Yeelirrie Project area contains a very diverse 
subterranean fauna.  Historical surveys commissioned by BHP Billiton Ltd, the previous operators of 
the Project identified 56 species of stygofauna and 45 species of troglofauna in the Project area and its 
vicinity.  Cameco commissioned further stygofauna sampling in February and June/July 2015 to 
provide additional information on stygofauna species distributions.  This report provides: 
 

1. An assessment of the level of stygofauna and troglofauna sampling effort in the Project area; 
2. Lists of stygofauna and troglofauna species present in the Project area, with updating of the 

species names used in Subterranean Ecology’s (2011) report where appropriate; and 
3. An assessment of the likely ranges of stygofauna and troglofauna species in relation to the 

proposed mine pit layout and the modelled groundwater drawdown resulting from mine de-
watering and groundwater abstraction to supply processing water. 

 
The Yeelirrie Project is based on an undeveloped uranium deposit in the Northern Goldfields of 
Western Australia, approximately 70 km south-west of Wiluna and 110 km north-west of Leinster.  The 
Project is owned by Cameco Australia but prior to 2012 the lease for the area was held by BHP Billiton.  
The Project is located in the uppermost reaches of the Carey palaeochannel, which contains several 
bodies of calcrete, including the 40 km long Yeelirrie calcrete and a separate body of calcrete to the 
southeast associated with the Yeelirrie and the Albion Downs playas.  The study area lies within the 
Lake Miranda catchment, which is part of the headwaters of the larger Carey catchment. 
 
Information about the species of subterranean fauna at Yeelirrie was gathered by Subterranean 
Ecology undertaking field surveys in 2009 and 2010.  This work showed that rich stygofauna and 
troglofauna communities occur at Yeelirrie, with some species recorded only from areas proposed to 
be disturbed by pit excavation of groundwater drawdown.  In 2015, Bennelongia conducted additional 
sampling programs with the objective of showing wider distribution of stygofauna species known only 
from the predicted area of groundwater drawdown.   
 
The subterranean community in the Yeelirrie calcrete is richer than known for any other calcrete in the 
Yilgarn, partly because sampling and identification efforts have been extensive compared to other 
calcretes and perhaps also because of the hydrological and geological characteristics of Yeelirrie.  At 
least 70 species of stygofauna and 45 species of troglofauna (115 subterranean species in total) have 
been recorded in the Yeelirrie study area, which approximately matches the extent of Cameco’s 
tenements at Yeelirrie. It is estimated that 148 species of subterranean fauna may actually occur. 
 
Ten species of stygofauna and five species of troglofauna are currently known only from areas where 
the extent of habitat will be reduced by development of the Yeelirrie Project.  Predicting the true range 
of these 15 species is difficult without a better understanding of the factors driving habitat selection of 
the individual species.  However, existing evidence suggests that nine of the 15 species are unlikely to 
be restricted to the areas impacted by mining and groundwater abstraction.  There is also some 
likelihood that the other six species may occur beyond the areas impacted by mining and groundwater 
abstraction. 
 



Yeelirrie Subterranean Fauna Assessment 
Cameco Australia 

 

iii 

CONTENTS 
Executive Summary .................................................................................................. ii 
1. Introduction ........................................................................................................... 1 
2. Background .......................................................................................................... 1 

2.1. Stygofauna in the Yilgarn .................................................................................. 1 
2.2. Troglofauna in the Yilgarn ................................................................................. 3 
2.3. Legislative framework ........................................................................................ 3 
2.4. Ecological communities at Yeelirrie ................................................................ 3 
2.5. Subterranean habitats at Yeelirrie ................................................................... 4 

3. Project Impacts .................................................................................................... 4 
4. Subterranean Fauna Surveys .............................................................................. 6 

4.1. Subterranean Ecology (2011) ........................................................................... 6 
4.1.1. Survey effort and species identification .................................................... 6 
4.1.2. Stygofauna results ......................................................................................... 8 
4.1.3. Troglofauna results ........................................................................................ 8 
4.1.4. Species name changes ............................................................................... 9 

4.2. Bennelongia (2015) ............................................................................................ 9 
4.2.1. Survey effort and species identification .................................................... 9 
4.2.2. Personnel ...................................................................................................... 12 
4.2.3. Results ........................................................................................................... 12 

5. Survey Overview ................................................................................................ 13 
5.1. Survey coverage and adequacy .................................................................. 13 
5.2. Stygofauna richness ......................................................................................... 14 

5.2.1. Restricted species ....................................................................................... 15 
5.2.2. Widespread species ................................................................................... 17 

5.3. Troglofauna richness ........................................................................................ 17 
5.3.1. Restricted species ....................................................................................... 22 
5.3.2. Widespread species ................................................................................... 22 

6. Risk Assessment .................................................................................................. 22 
6.1. Yeelirrie PEC ....................................................................................................... 22 
6.2. Stygofauna ........................................................................................................ 22 
6.3. Troglofauna ....................................................................................................... 25 

7. Conclusions ........................................................................................................ 26 
8. References .......................................................................................................... 26 
9. Appendices ........................................................................................................ 29 

Appendix 1 – Species with an updated taxonomy ........................................... 29 
Appendix 2 - Bores sampled in February and June/July 2015. ........................ 30 
Appendix 3 – Samples used for DNA sequencing in 2015 ................................ 31 
Appendix 4 – DNA barcoding results in 2015 ...................................................... 32 
Appendix 5 – Species collected in 2015 .............................................................. 34 
Appendix 6 – Revised distribution of Enchytraeidae sp. Y5 .............................. 36 

 



Yeelirrie Subterranean Fauna Assessment 
Cameco Australia 

 

iv 

LIST OF FIGURES 
Figure 1. Location of the Yeelirrie Project in the Goldfields of Western Australia.

 .................................................................................................................................. 2 
Figure 2.  The Yeelirrie study area, showing the proposed mine pit and areas 

of groundwater drawdown, groundwater salinity and the sectors referred 
to when describing species distributions. . ........................................................ 5 

Figure 3. Bores sampled in the Yeelirrie study area for stygofauna and 
troglofauna by Subterranean Ecology (2009-2010) and Bennelongia 
(2015). ...................................................................................................................... 7 

Figure 4.  Locations of stygofauna species known only from the currently 
predicted areas of groundwater drawdown. ................................................ 10 

Figure 5.  Locations of troglofauna species known only from the proposed 
mine pit. ................................................................................................................ 11 

Figure 6.  Species accumulation curves for stygofauna and troglofauna at 
Yeelirrie. ................................................................................................................. 14 

Figure 7.  Examples of stygofauna species collected at the Yeelirrie Project. . 15 
Figure 8. Number of stygofauna species recorded from each bore sampled 

for stygofauna. ..................................................................................................... 18 
Figure 9. Distributions of stygofauna species that are widespread within the 

Yeelirrie study area. ............................................................................................. 19 
Figure 10. Number of troglofauna species recorded from each bore sampled 

for troglofauna. .................................................................................................... 20 
 

LIST OF TABLES 
Table 1. Subterranean fauna sampling effort in the study area (2011). .............. 8 
Table 2. Stygofauna species known only from bores within the predicted areas 

of groundwater drawdown >0.5 m based on Subterranean Ecology (2011) 
sampling. ................................................................................................................. 9 

Table 3. Troglofauna species collected only from bores in the mine pit 
proposed in 2011. .................................................................................................. 9 

Table 4.  Stygofauna species recorded at Yeelirrie. ............................................. 16 
Table 5.  Troglofauna species recorded at Yeelirrie. ............................................ 21 
Table 6. Likely distributions of potentially restricted stygofauna species. .......... 24 
Table 7. Likely distributions of potentially restricted troglofauna species. ......... 25 
 



Yeelirrie Subterranean Fauna Assessment 
Cameco Australia 

 

1 
 

1. INTRODUCTION 
Cameco Australia Pty Ltd (Cameco) are proposing to mine uranium at the Yeelirrie Project in the 
Northern Goldfields of Western Australia using an open pit method of mining.  The uranium deposit is 
currently un-mined and, in addition to removal of the calcrete body hosting the uranium, de-watering 
of the calcrete and some surrounding areas will be required before mining can occur.  Prior to 2012, 
the Project leases were held by BHP Billiton Ltd. 
 
The Yeelirrie Project is located approximately 70 km south-west of Wiluna and 110 km north-west of 
Leinster (Figure 1).  It lies in the Lake Miranda catchment within the uppermost reaches of the Carey 
palaeochannel, which contains several bodies of calcrete including the 40 km long Yeelirrie calcrete 
and a separate body of calcrete to the southeast associated with the Yeelirrie and the Albion Downs 
Playas. 
 
Existing surveys and species inventories have shown that very diverse subterranean fauna communities 
occur in the vicinity of the Yeelirrie Project.  Surveys conducted during 2009 and 2010 in a study area 
more or less coinciding with the Yeelirrie mineral leases identified the occurrence of 55 species of 
stygofauna and 45 species of troglofauna (Subterranean Ecology 2011).  These surveys provide the 
framework for most of this report.  The copepod Mesocyclops brooksi was recorded during earlier 
sampling by the Western Australian Museum, so that in fact 111 species were known from the area by 
the end of 2010. 
 
Cameco commissioned a small amount of additional stygofauna sampling by Bennelongia in February 
and June/July 2015 to show wider distribution of stygofauna species potentially known only from the 
predicted area of groundwater drawdown associated with the Yeelirrie Project.  The results of the 2015 
stygofauna survey have been combined with the results of earlier stygofauna and troglofauna surveys 
at Yeelirrie to provide: 
 

1. An assessment of the level of stygofauna and troglofauna sampling effort in the Project area; 
2. Lists of stygofauna and troglofauna species present in the Project area, with updating of the 

species names used in Subterranean Ecology’s (2011) report where appropriate; and 
3. An assessment of the likely ranges of stygofauna and troglofauna species in relation to the 

proposed mine pit layout and the modelled groundwater drawdown resulting from mine de-
watering and groundwater abstraction to supply processing water. 

2. BACKGROUND 

2.1. Stygofauna in the Yilgarn 
Stygofauna are aquatic invertebrates that live in groundwater.  They occur in an array of different 
groundwater habitats including porous, karstic and fractured rock aquifers, springs and the hyporheos 
of streams (Eberhard et al. 2005).  Calcrete and alluvium are typically considered productive habitats 
for stygofauna because the fissures and voids in groundwater aquifers provide highly suitable habitat 
for stygofauna.  Stygofauna have mostly been recorded from fresh to brackish groundwater but may 
occur in salinities up to 50,000 µS cm-1 or more (Reeves et al. 2007; Watts and Humphreys 2006).  The 
calcrete bodies in the palaeovalleys of the Yilgarn have been identified as areas rich in stygofauna 
species, with many of these species being restricted to single calcrete bodies (Guzik et al. 2008; 
Karanovic and Cooper 2011a; Karanovic et al. 2014).  The belief that most stygofauna species are 
restricted to individual calcrete bodies is often termed the ‘calcrete island hypothesis’ (Cooper et al. 
2002, 2007).  It is suggested that each calcrete body has a high proportion of restricted species 
because areas of unsuitable habitat (e.g. high clay content, unsuitable salinity) occur between calcretes 
that prevents migration from one to another.  However, the alluvium and colluvium immediately 
around a calcrete body may be rich in the same stygofauna species present in the calcrete. 
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Figure 1. Location of the Yeelirrie Project in the Goldfields of Western Australia. 
The boundaries of the Yeelirrie Priority Ecological Community (PEC) and three other overlapping PECs are shown, 
as well as other PECs in the vicinity. 
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2.2. Troglofauna in the Yilgarn 
Troglofauna are subterranean animals that occur above the water table.  They appear to be more 
common in karstic calcrete than in other habitats in the Yilgarn (Guzik et al. 2010; Humphreys 2008), 
although they also occur widely, at low abundance, in weathered and fractured rocks (Bennelongia 
2009; GHD 2010) and may occur iin alluvium.  The groups collected in calcrete include palpigrads 
(Barranco and Harvey 2008; Giribet et al. 2014), pseudoscorpions (Edward and Harvey 2008; Harrison et 
al. 2014), spiders (Baehr et al. 2012; Platnick 2008) and isopods (Taiti 2014). 
 
Troglofauna associated with calcrete deposits occur in the zone of unsaturated calcrete.  Troglofauna 
species often have smaller ranges than stygofauna species (Lamoureux 2004) and, given their small 
ranges and possible preference for calcrete habitats, would be expected to be restricted to single 
calcretes.  Relatively few troglofauna species in the Yilgarn have been found to be widespread (Guzik 
et al. 2010).  

2.3. Legislative framework 
Faunal species in Western Australia, including subterranean fauna, are protected by State and federal 
legislation.  At the State level, protection is afforded principally through the Wildlife Conservation Act 
1950 (WC Act), which provides general protection for fauna as well as a special level of protection for 
listed species.  The Environmental Protection Act 1986 also provides State-level protection for 
subterranean fauna in the environmental impact assessment process, with the Environmental 
Protection Authority’s (EPA) Environmental Assessment Guideline 12 and Guidance Statement 54a 
(EPA 2007, 2013) providing frameworks for assessment.  At the federal level, the Environmental 
Protection and Biodiversity Conservation Act 1999 (EPBC Act) provides protection for listed species. 
 
Two fish, 17 invertebrate stygofauna and 17 invertebrate troglofauna species are listed for protection 
under the WC Act in Western Australia, while two fish and one stygofauna species are listed under the 
EPBC Act.  In addition, the EPBC Act provides protection for listed ecological communities. While five 
subterranean fauna communities have been listed in the south-west of Western Australia as 
threatened ecological communities (TECs) under the EPBC Act, no TEC from the Yilgarn has been 
EPBC-listed.  The WC Act does not provide for listing of communities but the Minister of the 
Environment has endorsed a list of Western Australian TECs to be protected by processes outside the 
WC Act.  This list contains eight stygofauna communities, including the community at Depot Springs in 
the Yilgarn, and one troglofauna community in the Pilbara. 
 
The Department of Parks and Wildlife (DPaW) also maintains lists of priority species and priority 
ecological communities (PECs).  These are species and communities considered to be potentially 
threatened but for which there is little information.  Two species of stygofauna and two species of 
troglofauna are listed as priority species.  More significantly, 87 subterranean fauna communities in 
calcretes are listed as PECs, including the Yeelirrie calcrete groundwater assemblage type on Carey 
palaeodrainage on Yeelirrie Station, which is a Priority 1 PEC (there are three categories, with threat 
most likely for Priority 1). 
 
The Project is subject to the provisions of the Uranium (Yeelirrie) Agreement Act 1978. 

2.4. Ecological communities at Yeelirrie 
Variable sized buffer zones are ascribed to the area around the known occurrence of each PEC and 
proponents of projects within a buffer zone need to determine whether or not the listed ecological 
community occurs within the area of their project. 
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As well as occupying the buffer zone of the Yeelirrie calcrete groundwater assemblage type on Carey 
palaeodrainage on Yeelirrie Station PEC, the Yeelirrie Project covers the centroid of the PEC (Figure 1) 
and the PEC must be regarding as occurring within the Project area.  The threat to the PEC is identified 
as mining. 
 
A second Priority 1 PEC ‘Albion Downs calcrete groundwater assemblage type on Carey palaeodrainage 
on Albion Downs Station’ and its buffer lie entirely within the Yeelirrie PEC.  While the buffer of the 
Albion Downs PEC intersects part of the Yeelirrie study area, it lies outside the Project area (Figure 2). 
The buffer zones of two other Priority 1 PECs (Hinkler Well calcrete groundwater assemblage type on 
Carey palaeodrainage on Lake Way Station and Kaluwiri calcrete groundwater assemblage type on 
Raeside palaeodrainage on Kaluwiri Station) overlap the periphery of the Yeelirrie PEC but also do not 
extend into the Project area.   

2.5. Subterranean habitats at Yeelirrie 
The Yeelirrie palaeochannel comprises five major land forms: i) breakaways; ii) wash plains; iii) sand 
plains; iv) playas and v) calcretes (Subterranean Ecology 2011).  Of these land forms, calcrete was 
identified as the most prospective habitat for subterranean fauna, although associated alluvium must 
be considered to have similar prospectivity.  The Yeelirrie calcrete, which occupies a 40 km length of 
the middle of the palaeochannel (Figure 2), began to be laid down approximately 30 million years ago.  
The calcrete subsequently largely dissolved, before beginning to re-form in the last 10 million years in 
a constant process of re-mobilisation and formation (Mann and Horwitz 1979; Morgan 1993). 
 
Stygofauna in the palaeochannel are considered to occur in areas of saturated calcrete and adjacent 
alluvium.  The depth to watertable is about 5 m in the area of the proposed mine pit and about 10 m 
north-west of the mine pit.  The thickness of saturated calcrete is mostly 3-5 m but reaches 13 m in 
north-western parts of the calcrete, while some other small parts of the Project area have very little 
saturated calcrete.  There is a substantial gradient in groundwater salinity across the study area, with 
salinities mostly varying from about 1-2 g L-1 in the north-west to 10-25 g L-1 in the south-east (Figure 
2).  However, within this broad gradient there is substantial small-scale spatial variability.  Salinity 
ranges from about 2 g L-1 to 33 g L-1 within the area of the proposed mine pit.  Haloclines are present 
in some drill hole, where, for example, salinity may vary from 2 g L-1 at the groundwater surface to 7 g 
L-1 at 3 m below the surface. 
 
Troglofauna habitat in calcrete extends upwards from the watertable to a point below the ground 
surface where relative humidity levels begin to decline and surface soil animals become abundant.  
This is considered likely to be 2-3 m below ground surface at Yeelirrie, although troglofauna habitat 
may extend closer to the surface.  In rocky habitats in Europe, troglofauna habitat may be found as 
close as 0.1 m below the surface (Pipan et al. 2010).  Assuming conditions become suitable for 
troglofauna 2-3 m below ground surface, troglofauna habitat is probably 2-3 m thick across most of 
the calcrete and thicker in the north-west, where it may be up to 10 m thick.  During periods of 
flooding, when the watertable rises, the volume of troglofauna habitat probably contracts 
substantially. 

3. PROJECT IMPACTS 
The main factors likely to adversely impact on subterranean fauna at Yeelirrie are mine pit excavation 
and groundwater abstraction.  Mine pit excavation causes loss of troglofauna habitat.  While 
excavation also reduces stygofauna habitat, the mine pit will be contained within a larger area of 
lowered water tables as a result of mine pit de-watering and abstraction of processing water.  Thus the 
focus of assessment of impacts on stygofauna is the extent of groundwater drawdown. 
 
The extent of the proposed mine pit and the predicted areas of groundwater drawdown are shown in 
Figure 2, based on modelling by Cameco Corporation (2015).  The mine pit and areas of groundwater  
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Figure 2.  The Yeelirrie study area, showing the proposed mine pit and areas of groundwater drawdown, groundwater salinity and the sectors referred to when describing species distributions. . 
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drawdown are considered to be the only areas of significant impact on troglofauna and stygofauna, 
respectively.  The mine pit is proposed to occupy an area of 726 ha.  The predicted area of 
groundwater drawdown associated with mine pit de-watering will occupy an area of 25,840 ha at the 
0.5 m drawdown contour and is referred to in this report as the central drawdown.  Another predicted 
area of groundwater drawdown to the north-west, associated with abstraction of processing water, 
occupies 6125 ha. 
 
For the purposes of documenting the distributions of stygofauna species known only from Yeelirrie, 
the following terms were applied.  North-west means a species occurred west of the mine pit and 
outside the central drawdown, south-east means it occurred east of the mine pit and outside the 
central drawdown.  Yeelirrie playa means a species occurred east of the Project area but within the 
study area.  Most of Yeelirrie playa lies within the Albion Downs drawdown (which is not considered in 
this report).  Species were considered to be widespread if they occurred in at least two sectors (Figure 
2). 
 
The same terminology was applied to troglofauna except that the proposed mine pit, rather than the 
area of central drawdown, comprised the impact area. 
 
The impact of the drawdown of the Albion Downs wellfield, which is operated by BHP Billiton Nickel 
West, on areas within the Yeelirrie Project was taken into account when Cameco developed the 
groundwater model for Yeelirrie and predicted the extent of drawdown (refer to the Cameco PER 
document).  The potential for the Albion Downs wellfield to impact elsewhere, such as at Yeelirrie 
playa, is not considered in this report because the wellfield is not related to the Yeelirrie Project.  

4. SUBTERRANEAN FAUNA SURVEYS 
4.1. Subterranean Ecology (2011) 
4.1.1. Survey effort and species identification 
The survey design and methods employed in the Level 2 field sampling program fit the framework 
outlined in the EPA’s Environmental Assessment Guideline 12 (EPA 2013).  
 
Between March 2009 and September 2010, Subterranean Ecology (2011) undertook six field surveys 
that resulted in collection of a total of 797 subterranean fauna samples from 259 existing bores and 
exploration drill holes (all referred to hereafter as bores) (Table 1; Figures 2 and 3).  The same sample 
sometimes yielded both stygofauna and troglofauna, which increased the amount of information on 
both these groups. 
 
Across the study area as a whole, stygofauna were collected either by net hauling (318 samples), 
pumping (26 samples), examination of root mats (3 samples) or when scrape sampling for troglofauna 
(111 samples).  The deliberate stygofauna effort comprised 344 samples.  Troglofauna were collected 
by scraping (299 samples), trapping (149 samples) or when net hauling for stygofauna (32 samples) 
(Table 1).  Calculation of the deliberate troglofauna sampling effort is complex because it is best 
practice to collect both a scrape and a trap sample from a bore (Halse and Pearson 2014) and single 
trap or scrape samples are often treated as half-samples.  If this is applied to Subterranean Ecology’s 
(2011) sampling, the deliberate troglofauna sampling effort comprised 224 samples.  Totals of 158 
deliberate stygofauna samples and 51 deliberate troglofauna samples were collected from areas 
proposed for disturbance, while by-catch contributed a further 59 samples of stygofauna and four 
samples of troglofauna (Table 1).  Deliberate troglofauna sampling effort in the impact area was much 
higher (101 samples), however, if scrapes and trap samples are treated as separate sample units. 
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Figure 3. Bores sampled in the Yeelirrie study area for stygofauna and troglofauna by Subterranean Ecology (2009-2010) and Bennelongia (2015). 
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Figure 4.  Locations of stygofauna species known only from the currently predicted areas of 
groundwater drawdown. 
Enchytraeidae sp. Y5 is not shown because it was collected outside the predicted drawdown in 2015 (see Appendix 6). 
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Figure 5.  Locations of troglofauna species known only from the proposed mine pit. 
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Taxonomic identifications were mostly based on morphology using information given in previous 
reports and the available scientific literature (Karanovic 2007; Karanovic and Cooper 2011; Karanovic 
and Cooper 2012; Karanovic et al. 2014).  Stygofauna animals were dissected and slide-mounted as 
needed to aid the identification process.  DNA analyses were carried out on 41 animals to refine 
identifications using the CO1 barcoding gene (Appendix 3).  When pairwise sequence divergences 
were <9.5%, animals were considered to belong to the same species (see Appendix 4 for results; also 
Castalanelli et al. 2014; Hebert et al. 2003).  

4.2.2. Personnel 
Fieldwork in 2015 was undertaken by Michael Curran, Dean Main and Jim Cocking and all samples 
were sorted in the laboratory by Jane McRae.  Morphological identifications were made by Jane 
McRae (beetles, crustaceans, worms) and Stuart Halse (ostracods).  DNA laboratory work and analyses 
were undertaken by Danilo Harms. 

4.2.3. Results 
Ten of the 20 bores sampled in February yielded stygofauna.  These were six bores in a small area of 
<8 km2 west of the central groundwater drawdown and four holes to the southeast of the central 
groundwater drawdown (see Figure 3).  The ten bores that did not yield any specimens were mostly 
on the periphery of the cluster of western bores that yielded.  Thirty four bores of the 46 bores 
sampled in June/July yielded stygofauna.  The bores that did not yield were mostly from the southern 
periphery of the central drawdown area. 
 
Altogether 1352 (534 in February and 818 in June/July) specimens were collected and they 
represented at least 36 species of stygofauna (Appendix 5).  Fifteen of these species were recorded at 
Yeelirrie for the first time.  Fourteen of the species are undescribed and have unknown distributions, 
while the described copepod Halicyclops kieferi is common in the Yilgarn (Karanovic 2004).  
 
Only one targeted species was collected in the 2015 sampling.  The worm Enchytraeidae sp. Y5, 
previously identified using DNA analysis as three animals from two bores (Subterranean Ecology 
2011), was collected from another two bores outside the predicted drawdown area and now has a 
known linear range of at least 23 km (Appendix 6).  Enchytraeidae sp. Y5 was collected at salinities of 
2.4 and 7.6 g L-1 in 2015 compared with 11.6 g L-1 in 2009-2010. 
 
As a result of collecting Enchytraeidae sp. Y5, the number of stygofauna species known only from the 
groundwater drawdown areas was reduced from 11 to 10.  There are several likely reasons for failure 
to collect more targeted species in 2015.  One is the small sample effort in 2015 compared with the 
earlier surveys of Subterranean Ecology (2011).  The 66 samples collected by Bennelongia in 2015 
represent only 14% of the sampling effort of 2009 and 2010 surveys (Table 1), so that only a small 
subset of the species found during the earlier surveys would be expected to be collected again. 
 
Another possible reason for failing to collect the target species is the difficulty of identifying 
prospective microhabitats prior to sampling.  For example; there was relatively poor agreement 
between the salinities of the bores sampled in 2015 and the salinities at which the targeted species 
were collected.  Sixty-seven per cent of samples in 2015 were collected from groundwater salinities 
<5 g L-1 TDS although it was intended to sample more saline groundwater because seven of the eight 
targeted species for which salinity data was recorded in 2009-2010 came from saline water (Table 2).  
Only 16% of samples collected in 2015 were from salinities 7-14 g L-1, which is the salinity range in 
which six of the eight species were collected in 2009-2010.  Only one sample in 2015 had a salinity of 
24 g L-1 to match the known occurrence of Schizopera emphysema, although another three samples 
were collected from water 16 19 g L-1, which may possibly represent suitable Schizopera emphysema 
habitat. 
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5. SURVEY OVERVIEW 

5.1. Survey coverage and adequacy 
Species accumulation curves implied that 76-88% of stygofauna and 67-83% of troglofauna species 
present were documented by Subterranean Ecology (2011).  While there is no explicitly recognized 
threshold of survey adequacy, these percentages compare quite favourably with the results of most 
subterranean surveys undertaken for environmental assessment purposes (e.g. Biota 2006, 
Subterranean Ecology 2011; see also Halse et al. 2006) and suggest the level of survey meets the 
requirements of Environmental Assessment Guideline 12 (EPA 2013). 
 
Additional stygofauna sampling in 2015 added 15 species to the list of stygofauna known from 
Yeelirrie, which is now 70 species compared with Subterranean Ecology’s (2011) accumulation curve 
prediction of 71 stygofauna species.  Species accumulation curves for both stygofauna and 
troglofauna were re-calculated using EstimatesS software (http://viceroy.eeb.uconn.edu/estimates/), 
the ICE richness estimator (see Colwell et al. 2012) and the combined datasets of Subterranean 
Ecology (2011) and Bennelongia (2015).  The curves were first calculated for the study area as a whole 
and then separately for the mine pit and groundwater drawdown areas.  Only the results of dedicated 
stygofauna and troglofauna sampling were included in the accumulation curves and estimates of 
species richness.  In reality, 10 stygofauna and one troglofauna species recorded in 2009-2010 were 
collected as by-catch when sampling for the opposite group (i.e. 10 stygofauna species were collected 
when scraping for troglofauna). 
 
Species accumulation curves did not appear to have flattened off for both stygofauna and troglofauna 
at Yeelirrie as a whole (Figure 6) and, based on the ICE species richness estimator, 83 species of 
stygofauna and 65 species of troglofauna occur at Yeelirrie.  This suggests that 84% of estimated 
stygofauna and 69% of estimated troglofauna species have been collected.  Despite an extra 15 
stygofauna species having been recorded in 2015, the estimates provided here are in broad 
agreement with those of Subterranean Ecology (2011), who using ICE estimated 81% of stygofauna 
and 69% of troglofauna had been collected.  The other three estimators used by Subterranean 
Ecology (2011) suggested a range of sampling efficiencies for stygofauna but ICE, Chao1 and Jacknife 
made consistent estimates of sampling efficiency for troglofauna (67-69%), with the estimate of 83% 
by Bootstrap being an outlier. 
 
The most probable reason for the large subterranean sampling effort at Yeelirrie failing to collect all 
(or nearly all) of the species present is high spatial turnover of species across the calcrete.  This 
turnover led to 15 additional species being collected from a small area in 2015, despite previous 
sampling in 2009-2010 of bores nearby.  Other parts of Yeelirrie that have not previously been 
sampled intensively are also likely to yield more species.  For this reason, even the current estimate of 
82 stygofauna species occurring at Yeelirrie is likely to be low. 
 
In contrast to the study area as a whole, sampling efficiency for stygofauna in the drawdown areas 
appears to have been close to complete, with an ICE estimate of 23 species and 25 species actually 
collected.  More species were collected than estimated because four species were collected while 
scraping for troglofauna and 21 were collected by dedicated stygofauna sampling.  There are likely to 
be very few undocumented species of stygofauna in the drawdown areas. 
 
Idiosyncrasies in the data prevented ICE providing a realistic estimate of troglofauna richness in the 
mine pit.  The Chao 2, Jacknife and MM Means algorithms suggest between 15 and 29 troglofauna 
species occupy in the mine pit, which translates to a sampling efficiency of 24-47%.  At this level of 
efficiency, algorithms usually underestimate the number of species present and the troglofauna 
community in the mine pit appears to be poorly documented, in contrast to the greater efficiency of 
collection across the study area as a whole.  However, it should be recognised that the characteristics  
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Figure 6.  Species accumulation curves for stygofauna and troglofauna at Yeelirrie. 
 
 
of the mine pit data that led to problems with ICE may also have caused overestimates in the other 
algorithms and the mine pit sampling may have been more efficient than the estimators suggest. 

5.2. Stygofauna richness 
The 70 stygofauna species documented within the Yeelirrie mining tenement (see examples in Figure 
7) represent greater richness than is known from any other area of the Yilgarn.  It should be noted, 
however, that 10 species occurred only at Yeelirrie playa (Table 6).  In addition to lying within the 
Yeelirrie PEC, some of the Yeelirrie playa also lies within the boundary of the Albion Downs PEC and 
the species there are probably more closely linked to the Albion Downs than Yeelirrie PEC.  
Nevertheless, these species all occur within the Yeelirrie tenement. 
 
The number of stygofauna species collected from individual bores ranged up to 27 species at bore 
YU1 in the northwest sector (Figure 8).  Thirteen bores had 10 or more species, with six bores in the 
northwest sector, five in the central drawdown and two at Yeelirrie playa.  This pattern of very high 
species richness in a small number of bores seems to be typical of stygofauna and has been recorded 
in the Pilbara, too (Eberhard et al. 2009).  Despite the picture based on richness per bore being 
somewhat confounded by the distribution of bores sampled and the greater sampling effort in many 
of the central drawdown and northwest sector bores, there appears to be a richer ‘community’ in the 
northwest and central calcrete sectors than in adjacent parts of the study area and this richer area may 
perhaps represent the Yeelirrie PEC, with the bores at Yeelirrie playa perhaps sampling the Albion 
Downs PEC. 
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Figure 7.  Examples of stygofauna species collected at the Yeelirrie Project. 
A= Atopobathynella sp. S5; B = nr Phreatochiltonia sp. n. S1; C = Schizopera sp. B16; D = Halicyclops kieferi; E = Candonopsis sp. 
Y1; and F = Pseudectinosoma sp. indet. 
 
While considerable numbers of stygofauna species have been collected from a relatively small number 
of bores at Yeelirrie, it should also be recognized that there are probably many calcretes in the Yilgarn 
that are rich in stygofauna (Humphreys 2001, 2008).  High numbers of stygofauna recorded in 
calcretes include 58 species at three calcretes in the Lake Way area north of Yeelirrie (Outback Ecology 
2012), 33 species from a small part of the Yeo palaeochannel (Bennelongia 2013) and 18 species from 
a small calcrete at Sturt Meadows (Allford et al. 2008).  Nevertheless, the richness of the copepod 
fauna at Yeelirrie (36 species; 63% of all stygofauna species) is especially striking.  The study area 
harbours between 35-40% of the known regional copepod diversity (Karanovic et al. 2014).  
 
Much of the apparently higher species richness at Yeelirrie than other areas is the result of intensive 
sampling and better species level resolution in the identification process than achieved at most other 
calcretes because of the detailed morphological and genetic work undertaken by Subterranean 
Ecology (2011).  However, it also seems likely that the occurrence of a range of salinities within the 
Yeelirrie tenement, and the diverse physical structure within the calcrete and the surrounding alluvium 
(combined with a complex mosaic of salinities), have contributed to the high recorded species 
richness. 

5.2.1. Restricted species 
A total of 10 stygofauna species are currently known only from the central drawdown (Table 4).  Nine 
species are currently known from single bores and one species is known from only two bores.  Seven 
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Figure 8. Number of stygofauna species recorded from each bore sampled for stygofauna.  
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Figure 9. Distributions of stygofauna species that are widespread within the Yeelirrie study area. 
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Figure 10. Number of troglofauna species recorded from each bore sampled for troglofauna. 
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areas.  In one of the more comprehensive surveys, Outback Ecology (2011) collected 20 troglofauna 
species in the calcretes of the Lake Way area and cited unpublished Western Australian Museum 
reports referring to “numerous [other] troglomorphic species” in these calcretes.  The Western 
Australian Museum collected at least 17 troglofauna species at Sturt Meadows with sampling effort 
and taxonomic rigour that were considerable less than applied at Yeelirrie.  Thus, much of the high 
species richness at Yeelirrie compared with other areas may be attributable to sampling effort and 
detailed taxonomic resolution, based on both detailed morphological and genetic work, applied by 
Subterranean Ecology (2011). 

5.3.1. Restricted species 
A total of five troglofauna species are presently known only from the proposed mine pit at Yeelirrie.  
Four of the species were collected from single bores, while the fifth species was collected from two 
bores (Table 3).  Four of the restricted species were found in the most north-western part of the 
proposed mine pit (Figure 5).  The other species (Trichorhina sp. n. F) was also collected in the western 
part of the mine pit.  

5.3.2. Widespread species 
Subterranean Ecology (2011) concluded that the millipede Polyxenida sp. S1 (Yeelirrie) and bug 
Meenoplidae sp. Y1 are regionally widespread, while other species of troglofauna are likely to be 
restricted to the study area.  This fits with experience in the Pilbara where some polyxenid millipede 
and meenoplid bug species are widespread. 
 
Fourteen of these species are widespread within the study area, including all three diplurans and two 
centipedes (Chilopoda) collected and at least one species of each faunal group other than symphylans 
and pauropods (Table 5).  In approximately two-thirds of samples, species were represented by single 
animals which suggests that the distributions of species within the study area are probably poorly 
documented because insufficient numbers of animals have been collected (see Wisz et al. 2008).  
Collection of additional specimens would enable species ranges to be better defined.  In most cases, 
ranges are likely to be larger than present estimates suggest. 

6. RISK ASSESSMENT 

6.1. Yeelirrie PEC 
The Yeelirrie subterranean fauna community is a Priority 1 PEC.  It is currently the most species-rich 
stygofauna community known from the Yilgarn, although this may be a result of sampling effort being 
much higher in the Yeelirrie calcrete than any other part of the Yilgarn.  Approximately 52% of the 
saturated calcrete habitat within the PEC will experience >0.5 m drawdown as a result of development 
of the Yeelirrie Project.  It is difficult to assess the significance of this loss in terms of the conservation 
values of the PEC as a community because the extent of the PEC has not been defined.  This cannot be 
done without a clear statement from the listing agency (DPaW) about the character of the PEC or 
general guidelines about how the extent of PECs should be determined.  Consequently, the 
assessment of threat was undertaken principally at the species level (see below). 

6.2. Stygofauna 
Ten species of stygofauna are currently known from the area of central groundwater drawdown.  They 
are the worms Enchytraeidae sp. Y4, Enchytraeidae sp. Y6, syncarid Atopobathynella sp. ‘line K’, 
copepods Halicyclops cf. eberhardi sp. B, Kinnecaris lined, Novanitocrella ‘araia’ sp. n., Schizopera 
akolos, Schizopera emphysema, Schizopera sp. 7439 and isopod Philosciidae sp. n. Y2.  The likelihood 
of these species being restricted to the drawdown area is discussed below and summarised in Table 6.  
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Enchytraeidae sp. Y4 
In total, 1133 enchytraeid worms were collected throughout the Yeelirrie calcrete and the Yeelirrie 
Playa and a handful yielded DNA to show that nine species are present.  Subterranean oligochaetes, 
including enchytraeids, are usually moderately widespread (Pinder 2008) and the pattern of localised 
occurrence at Yeelirrie inferred from DNA results is unusual.  It is most likely that Enchytraeidae sp. Y4, 
which was detected genetically from a single animal (the other 37 enchytraeids in the sample were 
assumed to be the same species), occurs more widely in the Yeelirrie calcrete.  Enchytraeidae sp. Y4 
was probably identified in only one sample because a very small proportion of worm specimens were 
analysed genetically.  
 
Enchytraeidae sp. Y6 
This amphibious species was collected in one sample from one bore within the proposed mine pit.  As 
with Enchytraeidae sp. Y4, identifications were based on DNA sequence data (here for a single animal) 
and the remaining three animals from the same locality were attributed to this species.  Based on 
existing information, it is considered most likely that Enchytraeidae sp. Y6 is occurs more widely at 
Yeelirrie.  
 
Atopobathynella sp. ‘line K’ 
This syncarid species was collected from a single drill hole in the southeastern part of the central 
groundwater drawdown. Atopobathynella sp. ‘line K’ is one of six species of Atopobathynella collected 
in the study area and the two species collected from multiple drill holes were both widespread (Table 
6).  This suggests that it is likely further sampling would show Atopobathynella sp. ‘line K’ occurs 
outside the central groundwater drawdown. 
 
Halicyclops cf. eberhardi sp. B 
The copepod Halicyclops cf. eberhardi sp. B was collected in four samples from a single bore on the 
periphery of the proposed mine pit within the central groundwater drawdown.  The closely related H. 
cf. eberhardi sp. A is more widely distributed in the Yeelirrie calcrete and, perhaps, regionally.  Another 
closely related species, H. cf. eberhardi sp. C, was collected at Yeelirrie playa.  Little can currently be 
said about the likely range of H. cf. eberhardi sp. A other than that the species may possibly be 
restricted to the central groundwater drawdown.  
 
Kinnecaris lined 
This copepod species was referred to as Kinnecaris ‘lined’ sp. n. by Subterranean Ecology (2011) but 
has been formally described as Kinnecaris lined (Karanovic and Cooper 2011).  A total of 100 
specimens were collected from a single bore in the southeastern part of the central groundwater 
drawdown.  The identification was based on DNA sequence data and morphology (Karanovic and 
Cooper 2011).  Given that six species of Kinnecaris occur in the study area, with all species other than 
K. uranusi having restricted known ranges, it is likely most of the species occupy specific microhabitats 
within the study area.  Thus, it is possible that K. lined may be restricted to the central groundwater 
drawdown.  
 
Novanitocrella ‘araia’ sp. n. 
The copepod Novanitocrella ‘araia’ sp. n. is known only from a single animal in a sample from within 
the proposed mine pit.  The species is defined morphologically and a further 123 animals belonging 
to a subspecies Novanitocrella ‘araia linec’ ssp. n. are known from the east of the mine pit in the 
central groundwater drawdown.  The species and subspecies are treated here as a single taxonomic 
unit.  Given the differentiation that has occurred between the nominate species and the subspecies 
within the central groundwater drawdown, it is possible that the species, or a valid taxonomic unit, is 
restricted to the 40 km drawdown area. The only other species of the genus, Novanitocrella 
aboriginesi, has a known linear range of about 20 km (Karanovic 2004). 
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Symphyla sp. Y7 
All seven symphylan species collected from the study area have apparently restricted distributions, 
although as with pauropods this is often the result of single animals being collected, as was the case 
with Symphyla sp. Y7.  Little can be said about the likely range of Symphyla sp. Y7 because of the poor 
taxonomic framework for this group in Australia and the resultant lack of species level identifications.  
Thus, it must be considered possible that Symphyla sp. Y7 is restricted to the proposed mine pit, 
although the proximity of the one record to the edge of the mine pit suggests that, on balance, the 
species’ range is likely to extend outside the pit.  

7. CONCLUSIONS 
The proposed Yeelirrie Project lies in a palaeovalley that contains the 40 km long Yeelirrie calcrete.  
This calcrete appears to provide the main habitat for subterranean fauna within the area. 
 
The subterranean community in the Yeelirrie calcrete is richer than known for any other calcrete in the 
Yilgarn, partly because sampling and identification efforts have been extensive compared to other 
calcretes and perhaps also because of the hydrological and geological characteristics of Yeelirrie.  
Subterranean fauna sampling has confirmed the presence of at least 70 species of stygofauna and 45 
species of troglofauna (115 subterranean species in total).  It is estimated that 83 species of 
stygofauna and 65 species of troglofauna occur at Yeelirrie (148 subterranean species in total), 
although this may include a broader community than the Yeelirrie PEC. 
 
Ten species of stygofauna and five species of troglofauna are currently known only from areas where 
the extent of habitat will be reduced by development of the Yeelirrie Project.  Predicting the true 
range of these 15 species is difficult without a better understanding of the factors driving habitat 
selection of the individual species.  However, existing evidence suggests that nine of the 15 species 
are unlikely to be restricted to the areas impacted by mining and groundwater abstraction.  There is 
also some likelihood that the other six species may occur beyond the areas impacted by mining and 
groundwater abstraction. 
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Appendix 4 – DNA barcoding results in 2015 
A total of 23 genetic species were inferred by molecular analyses of the CO1 genetic data.  There are fourteen 
widespread species: Atopobathynella sp. S5, Atopobathynella sp. Y3, Bathynellidae sp. S2, Bathynellidae sp. S4, 
Dussartstenocaris idioxenos, Enchytraeidae sp. Y5, Halicyclops cf. eberhardi sp. C, Halicyclopus kieferi, Kinnecaris 
uranusi, Schizopera akation, S. leptofurca, S. kronosi, S. uranusi, and nr Phreatochiltonia sp. n. S1.  Nine species 
have not been recorded previously: five oligochaete worms, one Halicyclops, one Nitokra, one Pseudectinosoma, 
and two Schizopera.   
 
Atopobathynella: With a pairwise sequence divergence of 7.8 % between the sample from bore YU1 and the 
2011 reference sequence, this specimen belongs to the widespread species Atopobathynella sp. S5.  The pairwise 
divergences between the four Atopobathynella sp. Y3 sequences from 2011 and the recent samples from bores 
YYHC0137 and YRAC0014 is quite high (9.7% between six samples) but overall the genetic variation is indicative 
of a single evolutionary unit that is highly structured genetically across a range of at least 17.7 km.  The DNA 
amplification for the sample from bore YYHC0056B failed and the specimen cannot be identified further. 
 
Bathynellidae: The two samples from bores YU1 and TPB33-1 are almost identical and belong to a common 
species Bathynellidae sp. S02 (<7.7% pairwise divergences between the 2011 and 2015 samples).  The sample 
from bore YYHC0047B belongs to Bathynellidae sp. S4, previously known only from Snake Bore, and both 
specimens are genetically identical (0.0% sequence divergence).  Both bathynellid species are widespread at 
Yeelirrie. 
 
Dussartstenocaris: A specimen belonging to this species was sampled from bore YYHC0053C.  The sample was 
initially identified as Kinnecaris sp. but differs from the Dussartstenocaris idioxenos reference sequence from 2011 
by only 0.4% in the genetic data. 
 
Enchytraeidae: The two samples from bores YU1 and YYHC0056 clearly represent distinct species with 20.6 % 
pairwise sequence divergence between both samples.  The sample from YYHC0052B differs from all other 
samples with more than 10.7% and is also a distinct species. All three species differ from the seven species that 
were recorded by Subterranean Ecology (2011).  Enchytraeidae sp. B03 is closest to Enchytraeidae sp. Y5 but 
differs by at least 10.7%.  Enchytraeidae sp. B04 is closest to Enchytraeidae sp. Y7 but differs by 11.3%.  
Enchytraeidae sp, B05 is closest to Enchytraeidae sp. Y2 but differs by 10.7%.  Enchytraeidae sp. Y5 was previously 
known only from the area of groundwater drawdown but two additional samples from bores YU1 and YUN1 
belong to this species.  The genetic variation between these samples is moderate (4.3%) and Enchytraeidae sp. Y5 
has a linear range of at least 23 km in the central calcrete.  
 
Halicyclops: Four species of Halicyclops have been recorded from Yeelirrie, H. kieferi and three genetic species in 
the H. eberhardi species-complex.  Halicyclops kieferi was collected from bore YYHC0056B and differs from the cf. 
eberhardi species by >17% in the genetic data.  The four samples from bores YU1, YYHC0054C, YRAC0013 and 
YRAC0002 belong to Halicyclops cf. eberhardi sp. C; a widespread species in the Yeelirrie pan.  Genetically, these 
specimens are almost indistinguishable from the reference sequences (Subterranean Ecology 2011; <1.9 % 
sequence divergences for 13 samples).  The sample from bore YYHC0056B is genetically distinct (>14% sequence 
divergence) from any of these species.  It is the fourth species in the eberhardi-complex and is the fifth 
Halicyclops species in the survey area.  
 
Kinnecaris: With pairwise sequence divergences of less than 0.9% between the samples from bores YU1, 
YRAC0002 and YY00053 and the reference sequence, the specimens clearly belong to K. uranusi. 
 
Nitokra: The specimen from bore YYHC0056B differs from both Nitokra esbe and N. yeelirrie.  It is closest to N. 
esbe but differs with 12.0 % in the genetic data.  It represents a new species Nitokra sp. B03. 
 
Phreodrilidae: The two samples from bores YU1 and YYHC0049B clearly represent distinct species with 22.1 % 
pairwise sequence divergence between both samples.  These new species, Phreodrilidae sp. B06 and B07, are also 
distinct from the widespread Phreodrilidae sp. S8 and differ with 20.7% and 22.9%, respectively. 
 
Pseudectinosoma: The specimen from bore YYHC0056B at Yeelirrie playa differs from the three species recorded 
from Yeelirrie (Pseudectinosoma `pentedicos` sp. A, B and C) by >16.9 % in the CO1 data.  Pseudectinosoma 
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`pentedicos` sp. D (B01) represents a fourth species of the genus and has not been recorded previously.  The DNA 
amplification for the sample from bore YU1 failed and the sample cannot be identified further. 
 
Schizopera: The barcoding results confirm the morphological identifications for S. akation with divergences 
between samples from bores TPB33-1 / YYHC0056B and the reference data <8.8%.  Schizopera kronosi is 
recorded here from bore TPB33-1 and this specimen is extremely similar (1.2% divergence) to the reference 
sequence.  Schizopera leptafurca was sequenced from bore YRAC0014 and this specimen is also similar (1.5% 
sequence divergence) to the reference sequence.  The presence of Schizopera uranusi is also confirmed for bores 
YU1 and TPB33-1 (< 1.1 % divergence to reference samples).  Two new species have been collected: Schizopera 
sp. B16 from bore YYHC0047B is closest to S. uranusi but both species differ by 11.6%.  Schizopera sp. B17 from 
bore YYHC0056B is very similar in morphology to S. analspinulosa but differs from this species by 13.4%. 
 
nr Phreatochiltonia sp. n. S1: The three samples from bores across the survey area differ by less than 5.7% 
despite substantial morphological variability across the samples collected.  Based on the DNA data, this is clearly 
a single, widespread species. 
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Appendix 6 – Revised distribution of Enchytraeidae sp. Y5 
Two additional specimens were collected in 2015 outside the area of predicted groundwater drawdown. 

 


