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4.4 Sampling methods 

The sampling methods used were consistent with EAG #12 (EPA 2013), Guidance 

Statement #54A (EPA 2007) and the Stygofauna Sampling Protocol developed for the 

Pilbara Biodiversity Study Subterranean Fauna Survey (Eberhard et al. 2005, 2009). 

The sampling was undertaken by Mr Shae Callan and Mr Erich Volschenk. 

Water physicochemistry 

Prior to stygofauna sampling, attempts were made to obtain a groundwater sample using 

a 1 m plastic cylindrical bailer, for the purposes of physicochemical measurements. 

Unfortunately, due to the considerable depth of the water table (80-120 m), none of the 

bailer samples reached the surface intact, due to the bailer contacting the sides of the 

bore/ drill hole, causing the seal to open and the water to be discharged.  

Net Hauling 

Stygofauna were sampled by standard net hauling methods, using a plankton net of a 

diameter to suit each bore or drill hole (in most cases 80 mm). Each hauling sample 

comprised a total of six hauls from the bottom of the hole to the top, including three hauls 

using a 150 μm mesh and three hauls using a 50 μm mesh. The base of the net was 

fitted with a lead weight and a sample receptacle with a base mesh of 50 μm. To stir up 

sediments, the net was raised and lowered at the bottom of the hole prior to retrieval, 

and hauled at an even pace through the water column to maximise filtration of the water.  

The sample from each haul was emptied into a jug of water, which was elutriated after 

the final haul to remove coarse sediments, and filtered back through the 50 μm net/ 

sample receptacle to remove the majority of the water. The sample was transferred to a 

50-120 mL preservation vial (depending upon the quantity of sediment) and preserved in 

100% ethanol. The ethanol and the samples were kept chilled on ice to facilitate cool-

temperature DNA fixation. 

Troglofauna sampling was undertaken using two separate collecting techniques; trapping 

and scraping. 

Trapping 

Trapping utilised custom made cylindrical PVC traps (approximately 50 mm x 300 mm) 

baited with decaying leaf litter (dead spinifex sourced from the Pilbara region), which had 

been sterilised with boiling water and inoculated with cooking yeast for a month leading 

up to the survey. Traps were lowered via a nylon cord to a depth approximately 25 – 

30 m below surface, or within 1 m above the water table if closer. Holes were sealed 

while the traps were set, to minimise incursions of surface fauna and to maintain a humid 
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atmosphere within the drill hole. The traps were collected after eight weeks, and stored 

in paper bags (to alleviate excess moisture) within zip-lock bags for transport back to the 

laboratory in Perth. Samples were kept cool in insulated boxes during transport.  

Scraping was undertaken at vertical, uncased drill holes using a reinforced 150 µm 

weighted stygofauna net, with a specialised scraping attachment used above the net to 

maximise gentle contact with the walls of the hole. The net was lowered and raised 

through the full length of the hole three (3) times for holes where no water was present, 

with each haul being emptied into a sample bucket as per net hauling. Where the water 

table was intercepted, six (6) hauls were conducted throughout the full length of the hole 

from top to bottom, representing a combined net haul/ scrape sample. The contents of 

the sample were elutriated, processed, and stored in 100 % ethanol as per net hauling.  

4.5 Sorting and taxonomy 

Sorting and parataxonomy were undertaken in-house using dissecting microscopes. The 

personnel involved (S. Callan and E. Volschenk) were suitably trained and experienced 

in both sorting and parataxonomy of subterranean fauna.  

Parataxonomy of the specimens utilised published literature and taxonomic keys where 

available. Each morphospecies from each sample was assigned a separate labelled vial, 

and labelled with a specimen tracking code. Certain taxonomic groups (such as 

amphipods, bathynellaceans, copepods, ostracods, arachnids and myriapods) were 

examined in as much detail as possible using in-house expertise, before sending a 

reference collection to specialist taxonomists for detailed taxonomic advice. All 

troglofauna specimens were submitted to the WAM for verification of identifications and 

specialist advice where available.  

The taxonomists undertaking specialist identifications included E. Volschenk (all 

parataxonomy, hexapod taxonomy), G. Perina (amphipods and bathynellaceans), J. 

McRae (copepods), S. Halse (ostracods), and T. Moulds and K. Abrams of the WAM 

(arachnids and myriapods). Specialist taxonomic reports are presented in Appendices E, 

F, and G. 

4.6 Conservation status and SRE classification 

A few subterranean species and assemblages are listed under relevant legislation as 

threatened species or Threatened or Priority Ecological Communities following various 

ranking systems described in detail in Appendix A. Any listed subterranean species or 

community is regarded as conservation significant although, due to a lack of survey effort 

and taxonomic certainty for the majority of subterranean fauna in the Pilbara region, 
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there are many potentially range-restricted (SRE) or conservation significant species and 

communities that do not appear on these lists. 

The likelihood of taxa representing SRE species (i.e. distribution <10,000 km2 following 

Harvey 2002, or <1,000 km2 following Eberhard et al. 2009) was assessed based on the 

known local species distribution, and regional comparisons where data was available, 

following advice from the WAM and other relevant taxonomic specialists. The 

assessment of SRE status was highly dependent on: 

1. the degree of taxonomic certainty at the genus and species levels; 

2. the current state of taxonomic and ecological knowledge for each taxon 

(including whether a regional genetic context has been investigated); 

3. the scale and intensity of the local and regional sampling effort; and  

4. whether or not relevant taxonomic specialists were available to provide advice.  

The SRE status categories used in this report follow the WAM’s categorisation for SRE 

invertebrates. This system is based upon the 10,000 km2 range criterion proposed by 

Harvey (2002), and uses three broad categories to deal with varying levels of taxonomic 

certainty that may apply to any given taxon (Table 4.4). Owing to the fact that the 

majority of subterranean fauna are poorly known taxonomically, and the general 

limitations to sampling subterranean fauna, the majority of morphospecies invariably fall 

within one (or several) of the five Potential SRE sub-categories.  

 

Table 4.4: SRE categorisation used by WAM taxonomists  

 Taxonomic Certainty Taxonomic Uncertainty 

Distribution  

<10 000km2 

Confirmed SRE  

 A known distribution of 
< 10,000km2. 

 The taxonomy is well known. 

 The group is well represented in 
collections and/ or via 
comprehensive sampling. 

 

Potential SRE 

 Patchy sampling has resulted in 
incomplete knowledge of 
geographic distribution. 

 Incomplete taxonomic knowledge. 

 The group is not well represented 
in collections. 

 Category applies where there are 
significant knowledge gaps.  

 

SRE Sub-categories may apply: 

A) Data Deficient 

B) Habitat Indicators 

C) Morphology Indicators 

D) Molecular Evidence 

E) Research & Expertise 

Distribution  

>10 000km2 

Widespread (not an SRE) 

 A known distribution of 
> 10,000km2. 

 The taxonomy is well known. 

 The group is well represented in 
collections and/ or via 
comprehensive sampling. 

 

 



 

 

Page 35 of 107 

West Angelas Deposit F Stygofauna Monitoring 

The degree of stygomorphy or troglomorphy (observable physical adaptations to 

subterranean habitats such as eyelessness, depigmentation, elongation of sensory 

appendages and thinning of the cuticle) assessed to determine each morphospecies’ 

‘subterranean status’, i.e. whether a taxon was more or less likely to be an obligate 

subterranean species (stygobite/ troglobite). It is acknowledged that the current EPA 

guideline for subterranean fauna does not account for non-obligate subterranean fauna, 

stating, "…subterranean fauna are defined as fauna which live their entire lives 

(obligate) below the surface of the earth.... Fauna that use a subterranean environment 

for only part of the day or season (e.g. soil-dwelling or burrowing species, cave-dwelling 

bats and birds) are not considered as subterranean fauna for this EAG" (EPA 2013). 

Nevertheless, there may be fauna with restricted distributions <10,000 km2 following 

Harvey (2002), or <1,000 km2 following Eberhard et al. (2009) that are of interest 

because of their SRE status, regardless of whether they can be definitively regarded as 

‘obligate’ subterranean fauna. For this reason, this report presents an assessment of 

both the subterranean status and the SRE status of each taxon collected, to the best 

available knowledge.  

In some cases where thorough sampling has been conducted and sufficient habitat 

information and ecological information is available, the potential occurrence of a taxon at 

a local scale may be inferred via the extent of habitats, particularly where the rest of the 

assemblages are highly similar, and the habitats appear well-connected. Despite the 

suggestion within the current EPA (2013) guidelines that related species’ ranges may be 

used as surrogates for poorly-known species’ ranges, the level of evidence required to 

support the identification of an appropriate surrogate is almost prohibitively high for most 

subterranean fauna, therefore this would only be investigated as a last resort. 

4.7 Limitations 

Many subterranean species (particularly troglofauna) are very rare and difficult to detect. 

Subterranean fauna inhabit cryptic, concealed habitats which renders them inherently 

difficult to assess. Much remains uncertain regarding the taxonomy and ecological status 

of many of the faunal groups, and for some groups, the taxonomic framework is very 

poorly developed or lacking entirely, which provides challenges for the interpretation of 

sampling results and species distributions. 

These general factors were taken into account when designing the survey and analysing 

the data, although in some cases, residual uncertainty is unavoidable. The results and 

conclusions of the survey are based upon the best information available under these 

conditions, including independent advice from taxonomic specialists. 

Specific limitations relating to the current and previous survey data include: 
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1. The majority of stygofauna sampled from previous surveys have not been identified to 

species-level. This may be because most of the previous surveys took place before 

the taxonomy of these groups was sufficiently developed to enable detailed 

identifications. The lack of species-level identifications (or genetic data) limits the 

current ability to compare local species distributions across different groundwater 

zones. The conclusions of the risk assessment may be subject to change if species-

level identifications of the previously collected specimens are achievable. 

2. At the time of writing, genetic analysis had not been undertaken for the majority of 

taxa collected during the survey. For some of the less common subterranean taxa, 

this would not materially change the assessment due to a lack of regional sequences 

to provide context for the current specimens; however, there are other groups for 

which regional context is available, and genetic analysis may provide additional 

information to aid the assessment of species boundaries and SRE statuses. The 

results of on-going genetic and taxonomic investigations will be added to this report 

as an addendum. 

3. Not all holes are suitable for each of the various subterranean sampling techniques, 

and the layout of sampling sites was contingent upon the location and suitability of 

different types of bores and holes, inside and outside of the deposits. For example, 

within Deposits C and G, the high proportion of angled (rather than vertical) holes 

restricted scraping and net hauling to certain areas. Within Deposit G and at areas 

higher in the landscape at Deposit C and D, it was difficult to find holes that 

intercepted groundwater, which restricted net hauling to lower areas. Many holes that 

did intercept groundwater at Deposits C and D had been converted into 50 mm cased 

piezometers for groundwater monitoring. These bores were difficult to sample owing 

to their narrow diameter (resulting in nets becoming stuck), and the depth of their 

slotted interval, which excluded the superficial aquifers that are generally more 

suitable for stygofauna. 

4. The habitat assessment was limited to available geological cross-sections, bore logs, 

and geological/ hydrogeological reports. Despite the variety of detailed information 

available to the assessment, there are always some residual knowledge gaps, and 

assessments rely upon inference between data points. The current assessment 

includes only limited groundwater physicochemical data, as the depth to groundwater 

in most areas made it difficult to obtain water samples using a bailer. In any case, the 

conditions within bores and drill holes may often be considerably different than those 

in the wider aquifer, owing to water mixing, presence of an open surface, and the 

characteristics of the casing, if present. 
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5. The risk assessment for stygofauna relies upon the area of groundwater dewatering/ 

drawdown, which can propagate well beyond the deposit boundaries. At the time of 

writing, no detailed groundwater drawdown modelling scenarios were available for the 

risk assessment of stygofauna. As a result, the likely extent of drawdown throughout 

the major groundwater habitats of relevance to stygofauna (in the area of the 

deposits) was inferred, based on available geological and hydrogeological 

information, and the proposed depth of mining. Nevertheless, without detailed 

modelling of the depth and extent of groundwater drawdown, the assessment is 

unable to precisely characterise the risk to stygofauna species and assemblages, and 

the conclusions of the assessment may be subject to change when the results of 

groundwater drawdown modelling are available. 
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5 FAUNAL RESULTS  

5.1 Database searches 

The NatureMap search revealed ten known stygofauna taxa from five orders (Ostracoda, 

Bathynellacea, Amphipoda, Harpacticoida, and Oligochaeta) within 20 km surrounding 

the West Angelas area (Table 5.1). There were also several higher taxa from the 

flatworms and mites that could potentially have been detected during stygofauna 

sampling. The ALA database search did not reveal any additional records of potentially 

subterranean invertebrates. 

 

Table 5.1: Troglofauna and stygofauna morphospecies recorded in the NatureMap and ALA online 
databases (search parameters as per Table 4.1). 

Higher taxon Morphospecies Likely subterranean 
status 

SRE Status where 
known 

Acari Pezidae sp. Potential Stygofauna Unknown 

Amphpoda Paramelitidae sp. Stygofauna Unknown 

Amphpoda Pilbarus millsi Stygofauna Widespread 

Bathynellacea Notobathynella sp. Stygofauna Potential SRE (E) 

Bathynellacea Parabathynellidae sp. Stygofauna Potential SRE (E) 

Harpacticoida Parastenocaris sp. Stygofauna Unknown (likely 
Widespread) 

Oligochaeta Insulodrilus angela Stygofauna Widespread 

Oligochaeta Phreodrilid with dissimilar 
ventral chaetae Stygofauna Unknown 

Oligochaeta Phreodrilid with similar 
ventral chaetae Stygofauna Unknown 

Turbellaria Turbellaria sp. Stygofauna Unknown 

Araneae Opopaea sp. Troglofauna Potential SRE (E) 

Pseudoscorpiones Indolpium sp. Potential Troglofauna Unknown 

 

The WAM records revealed eight stygofauna (and possible stygofauna) taxa, and 11 

troglofauna (and possible troglofauna) taxa detected within 10 km of the Study Area. The 

locations of stygofauna and troglofauna from the WAM records and previous surveys are 

shown in Figure 5.1 and Table 5.2. Particularly for the stygofauna taxa, the majority of 

the records comprise indeterminate order-level taxa from previous surveys at West 

Angelas, therefore the actual number of species may be underestimated. 

Based on current knowledge, none of the named stygofauna or troglofauna taxa 

recorded from database searches appear on any of the threatened species lists; 

however, owing to the indeterminate identifications of most of the taxa recorded, a high 

proportion of records cannot be assessed.  
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The current lists of Threatened and Priority Ecological Communities (respectively June 

2015 and December 2015) do not identify any subterranean communities of relevance to 

the West Angelas area.  

 

Table 5.2: Troglofauna and stygofauna morphospecies recorded in the WAM databases (search 
parameters as per Table 4.1). 

Higher taxon Morphospecies Likely subterranean 
status 

SRE Status where 
known 

Acari Acari indet. Possible stygofauna Unknown 

Amphipoda Amphipoda indet. Stygobite Unknown 

Bathynellacea Bathynellacea indet. Stygobite Potential SRE (E) 

Copepoda Copepoda indet. Likely stygofauna Unknown 

Cyclopoida Cyclopoida indet. Stygobite Unknown 

Harpacticoida Harpacticoida indet. Stygobite Potential SRE (E) 

Oligochaeta Oligochaeta indet. Stygobite Unknown 

Turbellaria Turbellaria indet. Likely stygofauna Unknown 

Isopoda Isopoda sp. indet. Troglobite Potential SRE (E) 

Araneae Gnaphosidae indet. Troglobite Potential SRE (E) 

Araneae Prethopalpus sp. indet. Troglobite Potential SRE (E) 

Araneae Theridiidae indet. Troglobite Potential SRE (E) 

Araneae Araneomorphae indet. Possible troglofauna Unknown 

Pseudoscorpiones Lagynochthonius PSE041 Troglobite Confirmed SRE 

Pseudoscorpiones Indolpium indet. Troglobite Potential SRE (E) 

Palpigradi Palpigradi indet. Troglobite Potential SRE (E) 

Polyxenida Lophoproctidae indet. Likely soil fauna Widespread 

Polyxenida Polyxenida indet. Possible troglofauna Unknown  

Geophilida Geophilida indet. Troglobite Potential SRE (E) 

Scolopendromorpha Cormocephalus CHI003 Troglobite Potential SRE (E) 
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Table 5.5: Worms detected at each deposit and nearby areas during the survey 

  C C D D Total Subterranean 
status  SRE Status 

Taxon inside nearby inside nearby   
Haplotaxida               
Enchytraeidae sp. 
indet.   35 77 12 115 Stygophile/ 

Troglophile 
Potential SRE 
(A) 

Polychaeta              
Aeolosomatidae sp. 
indet. 34    34 Stygobite Potential SRE 

(A) 
Oligochaeta              
Oligochaeta sp. 
indet.  28  1 29 Stygobite/ 

Stygophile 
Potential SRE 
(A) 

Turbellaria              
Turbellaria sp. 
indet.  13   13 Stygobite/ 

Stygophile 
Potential SRE 
(A) 

Total 34 76 77 13 191     

 

Enchytraeid worms are regularly detected from both troglofauna and stygofauna surveys 

throughout the Pilbara due to their ability to inhabit water films within air-filled 

subterranean cavities as well as groundwater (A. Pinder pers. comm. 2011). This ability 

to inhabit, and potentially move between water and air-filled subterranean habitats, 

complicates the assessment of subterranean status, although it does not necessarily 

make them less likely to be SRE (A. Pinder pers. comm. 2011).  

A previous genetic study from the Yilgarn region (Subterranean Ecology 2011a) showed 

very high levels of divergence (using the barcoding gene COI) between enchytraeids 

from the same catchment (notwithstanding potential habitat barriers). In contrast, a more 

recent study from the Pilbara (Brown et al. 2015) showed that several widespread 

species were distributed throughout the region (or across several catchments), while 

others were limited to a single drainage system or locality.  

Enchytraeid worms were detected from one hole inside Deposit D, four holes in areas 

near Deposits C and D (Figure 5.2), and two holes during the concurrent survey at 

Deposit F (Biologic 2016). Many specimens were collected by scraping drill holes which 

did not intercept the water table, or from troglofauna traps, while others were collected 

from holes that did intercept groundwater. As a result, it is unknown whether these 

worms are potentially stygophilic or troglophillic, and owing to the poor state of taxonomy 

in the group, it is also unclear to what extent the multiple different species may occur 

within this taxon. Based on current information, Enchytraeidae sp. indet. is considered to 

be a Potential SRE (data deficient) (E. Volschenk pers. comm. 2016, Appendix E).  

 

 




