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EXECUTIVE SUMMARY 

Background 

BHP Billiton Iron Ore is currently preparing a submission to the Environmental Protection Authority for 

the proposed development of the Orebody 32 East (OB32 East).  OB32 East lies within BHP Billiton Iron 

Ore’s Homestead project area, approximately 7 km north of Newman.  Homestead is part of the 

Ophthalmia Range, which itself is an eastwards continuation of the better known Hamersley Range.  

The Ophthalmia Range hosts several iron ore deposits around the town of Newman.  

 

BHP Billiton Iron Ore commissioned Bennelongia to undertake baseline troglofauna surveys at OB32 

East and the immediate surrounds.  The surveyed area encompassed the Development Envelope, 

including indicative mine pit, and is hereafter referred to as the Study Area.  The results of troglofauna 

survey at the Study Area provided information to enable assessment of the threats to troglofauna 

associated with mining the OB32 East deposit.   

 

Objective 

The specific objectives of this assessment were: 

(1) To describe the troglofauna communities present at OB32 East; 

(2) To determine the conservation status of the troglofauna species present; 

(3) To assess whether the conservation status of any troglofauna species is likely to be affected 

significantly by proposed mining at OB32 East. 

 

Outcome  

Troglofauna survey within the Study Area was conducted according to EPA guidelines with pit 

excavation considered to be the only activity threatening persistence of troglofauna species.  

 

Survey of the Study Area collected 15 species belonging to 10 orders.  The orders were Palpigradi, 

Isopoda, Polyxenida, Tetramerocerata, Cephalostigmata, Diplura, Thysanura, Hemiptera, Coleoptera 

and Diptera.   The Study Area appears to have a similar troglofauna community to those previously 

identified in the Ophthalmia Range.   

 

Three species of troglofauna are currently known only from within the indicative mine pit at OB32 East.  

They are Palpigradi sp. B17, nr Andricophiloscia sp. B17 and Pauropodidae sp. B32.  All three species 

are considered likely to have ranges extending outside the mine pit because a high proportion of the 

other localized species have ranges that extend into surrounding areas.  There appears to be good 

habitat connectivity between the indicative mine pit and surrounding areas and no geological barriers 

to cause a localized species to be restricted to the indicative mine pit. 

 

Conclusion 

When biological and geological information for the area is considered in conjunction with the 

relatively small size of the indicative mine pit (202 ha), there appears to be little threat to the 

persistence of troglofauna species as a result of mining at OB32 East. 
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1. INTRODUCTION 
BHP Billiton Iron Ore Pty Ltd (BHP Billiton Iron Ore) is currently preparing a submission to the 

Environmental Protection Authority (EPA) for the proposed development of the Orebody 32 East 

(OB32 East). OB32 East lies within BHP Billiton Iron Ore’s Homestead project area, approximately 7 km 

north of Newman (Figure 1). Homestead is part of the Ophthalmia Range, which itself is an eastwards 

continuation of the better known Hamersley Range.   The Ophthalmia Range hosts several iron ore 

deposits around the town of Newman.  

 

The EPA usually requires that threats to subterranean fauna are considered when assessing proposed 

mine developments because subterranean fauna have very limited ranges.  Their small ranges make 

subterranean species particularly vulnerable, as a group, to extinction as a result of anthropogenic 

activities (EPA 2013a).  About 70% of stygofauna in the Pilbara meet the criterion for being short-range 

endemic (SRE) species (Eberhard et al. 2009) and the proportion of troglofauna that are SREs is likely 

to be even higher (Lamoreux 2004; Halse and Pearson 2014).  Troglofauna were first recognised as 

occurring in significant numbers in the Pilbara when Biota (2006) collected them from pisolitic mesas 

of the Robe River Valley.  Although there has not been a single regional-scale survey for troglofauna, 

such as the Pilbara Biodiversity Survey (McKenzie et al. 2009), there have now been many troglofauna 

surveys in the Pilbara for environmental impact assessments.  Just some of these surveys have yielded 

570 troglofauna species to date, nearly all undescribed, and the region is clearly rich in troglofauna at 

a global scale (Halse and Pearson 2014).  

 

BHP Billiton Iron Ore commissioned Bennelongia to undertake a baseline troglofauna survey at OB32 

East.  The surveyed area, hereafter referred to as the Study Area, encompassed the Development 

Envelope which includes the indicative mine pit.  The results of survey at the Study Area provide 

information to enable an assessment of the threats to troglofauna associated with mining the OB32 

East deposit.  The survey is part of a broadscale troglofauna survey program by BHP Billiton Iron Ore 

that began in November 2007 and involves more than 30 survey areas across the Pilbara (Figure 1).  

Information from other survey areas, particularly adjacent Orebody 24 (OB24), Orebody 25 (OB25), 

Homestead, and the nearby Orebody 18, Jimblebar and Mt Whaleback mines has been used to help 

assess the risk to troglofauna at OB32 East. 

 

The specific objectives of this assessment were: 

(1) To describe the troglofauna communities present at OB32 East; 

(2) To determine the conservation status of the troglofauna species present; 

(3) To assess whether the conservation status of any troglofauna species is likely to be affected 

significantly by proposed mining at OB32 East. 

2. BACKGROUND 

2.1. Troglofauna of the Pilbara 
While the earliest work on troglofauna was focussed on their occurrence in caves, surveys during the 

past five years have shown that troglofauna are widespread in the landscape matrix of the Pilbara and 

are represented by many invertebrate groups, including isopods, palpigrads, spiders, schizomids, 

pseudoscorpions, harvestmen, millipedes, centipedes, pauropods, symphylans, diplurans, silverfish, 

cockroaches, bugs, beetles and fungus-gnats.  Although abundance and diversity of troglofauna 

appear to be greater in the Pilbara than other parts of Western Australia, at the regional scale 

troglofauna are ubiquitous in vadose zone and they have been recorded from drill holes in the 

Kimberley (Harvey 2001), Cape Range (Harvey et al. 1993), Barrow Island (Biota 2005a), Mid-West 

(Ecologia 2008) and Yilgarn (Bennelongia 2009a), and South-West (Biota 2005b). 
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Figure 1. OB32 East in relation to other locations sampled during the BHP Billiton Iron Ore Regional 

Subterranean Fauna Sampling Program (RSFP).
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Troglofauna habitat in the vadose zone is usually considered to extend from the lower layers of soil 

and sand at the ground surface down to the interface with groundwater (see Halse and Pearson 2014; 

also Juberthie et al. 1981 for a European perspective).  Troglofauna occupy interstices, vugs, cavities 

and fissures within this realm, so their occurrence is closely linked to the structure of the rock or other 

layers present.  If no fissures or voids are present, no troglofauna will occur.  When subterranean 

spaces are present, the pattern of these spaces largely determines the abundance and distribution of 

troglofauna.  Vertical connectivity with the surface is important for supplying carbon and nutrients to 

maintain populations of different species (plant roots are an important surface connection), while 

lateral connectivity of voids is crucial to underground dispersal.  Geological features such as dykes may 

block off the continuity of habitat and act as barriers to dispersal, leading to species having highly 

restricted ranges.  In other cases, small ranges may be an intrinsic characteristic of the species in 

subterranean habitats (Halse and Pearson 2014) despite no obvious habitat discontinuities and species 

sometimes may display metapopulation structure over scales of tens of metres (Sbordoni et al. 2000). 

 

Troglofauna are typically classified as troglobite (obligate subterranean species), troglophile 

(subterranean species with either a life stage or some populations occurring above ground) and 

trogloxene (species with facultative occurrence below ground) (Sket 2008) although the lack of life 

history information for Pilbara troglofauna often makes it difficult to assign species to their correct 

classification. 

 

Troglofauna are known to occur widely in the mineralised iron formations of the Pilbara (Bennelongia 

2008a, b; 2009b, c; Biota 2006a).  There is relatively little information about the occurrence of 

troglofauna outside mineralised habitats because mine development has been the primary reason for 

most of the sampling programs.  However, it has been shown that troglofauna occur in calcrete and 

alluvium in the Pilbara (Edward and Harvey 2008; Rio Tinto 2008), Yilgarn (Barranco and Harvey 2008; 

Platnick 2008; Bennelongia 2009a) and elsewhere (Biota 2005a, b). 

2.2. Geology of the Local Area 
The landscape of Homestead, in which OB32 East is located, is dominated by flat plains and hills, with 

the larger hills being associated with outcropping Brockman Iron Formation.   

 

The stratigraphic formations present at Homestead include (from oldest to youngest) the Jeerinah 

Formation, Marra Mamba Iron Formation, Wittenoom Formation, Mount Sylvia Formation, Brockman 

Iron Formation, Weeli Wolli Formation and the Woongarra Volcanics.    

 

The Development Envelope at OB32 East is mostly hosted within the Mt Newman Member of the 

Marra Mamba Iron Formation. Overall, the OB32 area is considered to be structurally complex.  A 

major WNW/ESE trending normal fault, named Ali’s Fault, dissects the central section of OB32.  Other 

major faults in the area include the Homestead Fault, which was observed in adjacent areas and the 

Whaleback Fault and associated splays. 

 

The average depth to the top of the hardcap zone (i.e. weathered zone) at OB32 is 30 m.  Hardcap has 

an average thickness of 13 m and is thicker to the north of OB32.  Tertiary alluvials/detritals typically 

overlie the hardcap, but within the Study Area some of the Tertiary sediments are hardcapped.  Three 

units of Tertiary detritals occur at OB32 (TD1, TD2 and TD3).  The detritals mostly occur on the flat 

plains in the northern, southern and eastern sections of the deposit around the edge of the 

outcropping Marra Mamba Iron Formation.  The detrital sequence has a depth of up to 60 m in the 

south and east of the area and has an average thickness of 15 m. TD1 is an iron rich unit, whereas TD2 

consists of calcrete and clays, and TD3 is a shale unit with limited iron enrichment.  Detrital cover is the 

deepest to the north of OB32 where it overlays hardcap (Penales 2013). 

 



OB32E Troglofauna Assessment 

BHP Billiton Iron Ore  

 

4 

 

2.3. Study Site as Troglofauna Habitat 
The mineralised Marra Mamba Iron Formation is recognised as troglofauna habitat in many parts of 

the Pilbara (Biota 2006, Bennelongia 2009b, c, 2010); however at OB32 East Marra Mamba Iron 

Formation does not appear to be vuggy, although examination of diamond drill cores showed it is 

fractured (T. Carroll, BHPBIO, Pers. Comm. 15.4.2015). On this basis, the stratum is not considered to be 

highly prospective for troglofauna.  Likewise, although elsewhere in the Pilbara hardcap is typically one 

of the most prospective troglofauna habitats, it does not appear to have a vuggy texture in the Study 

Area (Figure 2).  Accordingly, it is considered not to be highly prospective as troglofauna habitat (T. 

Carroll, BHPBIO, Pers. Comm. 15.4.2015).  

 

Although troglofauna do occur in alluvium, Tertiary alluvials/detritals in the Pilbara are typically 

considered to be less prospective troglofauna habitat than mineralised ore.  It is difficult to interpret 

the likely prospectivity of Tertiary alluvials/detritals in the Study Area based on their physical structure 

because in many cases this stratum is very friable and breaks down in the diamond core samples. 

Where competent, the stratum is not vuggy but is commonly fractured.  

 

The Jeerinah Formation is usually not recognised as prospective for troglofauna, particularly at the 

depths at which it occurs at the Study Area.  Volcanics are also not recognised as likely troglofauna 

habitat in Pilbara settings, while the Mount Sylvia Formation, Brockman Iron Formation and Weeli 

Wolli Formation are considered prospective because of the potential for weathering of iron 

components.  Wittenoom Formation is also considered to be likely habitat for troglofauna owing to 

the dissolution potential of dolomite but sampling results have provided relatively little support for 

this conclusion.  

 

 

 

 

 

 

 
Figure 2. Example of hardcap from the Study Area, demonstrating a lack of vugs. 

Note that fractures are an artefact of the drilling process.  
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3. METHODS 
Sampling was conducted according to the general principles laid out for subterranean fauna sampling 

in Environmental Assessment Guideline 12 and Guidance Statement 54A (EPA 2007, 2013). 

3.1. Field and Laboratory Methods 
Troglofauna samples were collected from uncased drill holes in the Study Area around OB32 East.  

Each sample from a drill hole consisted of the results of two separate collecting techniques that were 

applied to the hole.  These techniques were trapping and scraping:  

1. Trapping.  Custom made cylindrical PVC traps (270 x 70 millimetres [mm], entrance holes side 

and top) were used for trapping. Traps were baited with moist leaf litter (sterilised by 

microwaving) and lowered on nylon cord to within several metres of the watertable or end of 

the bore.  In every fourth hole a second trap was set mid-way down the bore.  Holes were 

sealed while traps were set to minimise the ingress of surface invertebrates.  Traps were 

retrieved eight weeks later and their contents (bait and captured fauna) were emptied into zip-

lock bags and road freighted to the laboratory in Perth. 

2. Scraping.  Scrapes were collected immediately prior to setting traps.  A troglofauna net 

(weighted ring net, 150 micrometre (µm) screen, various apertures according to diameter of 

the hole) was lowered to the bottom of the hole, or to the watertable, and scraped back to the 

surface along the walls of the hole.  Each scrape comprised four sequences of lowering and 

retrieving with the aim of scraping all troglofauna present on the walls of the hole into the net.  

After each scrape, the contents of the net were transferred to a 125 millilitres (ml) vial and 

preserved in 100% ethanol.  Scrape sampling usually yields more troglofauna than trapping. 

 

After return to the laboratory, troglofauna were extracted from the leaf litter bait used in traps by 

placing the litter in Tullgren® funnels under incandescent lamps. The light and heat drives the 

troglofauna and other invertebrates out of the litter into the base of the funnel containing 100% 

ethanol (preservative).  After about 72 hours, the ethanol and its contents were removed and sorted 

under a dissecting microscope.  Litter from each funnel was also examined under a microscope for any 

remaining live or dead animals.  Preserved scrapes were elutriated in the laboratory to separate 

animals from heavier sediment and screened into size fractions (250, 90 and 53 µm) to remove debris 

and improve searching efficiency.  Samples were then sorted under a dissecting microscope. 

 

All fauna picked from scrapes or extracted from bait were examined for troglomorphic characteristics 

(lack of eyes and pigmentation, well developed sensory organs, slender appendages, vermiform body).  

Surface and soil-dwelling animals were identified only to Order level.  Troglofauna (troglobites and 

troglophiles but only rarely trogloxenes) were, as far as possible, identified to species/morphospecies 

level, unless damaged, juvenile or the wrong sex for identification.  Identifications were made under 

dissecting and/or compound microscopes and specimens were dissected as necessary.   

3.2. Troglofauna Survey 

3.2.1. Sampling at the Study Area 
Troglofauna sampling at the Study Area occurred over two sampling rounds.  Round 1 was conducted 

as part of a wider survey in the Homestead-Eastern Ridge area during 2013.  During Round 1, eight 

holes were each sampled twice over four visits to the Study Area.  Fourteen samples were collected 

from within the indicative mine pit and two samples from outside of this area.  Scraping and trap 

setting occurred on 7 April 2013 with traps collected 5-7 June 2013; and further scraping and trap 

setting occurred on 10-13 July 2013, with traps collected on 24 September 2013 (Figure 3 and Table 1).  

Round 2 sampling was undertaken during 2014 and 2015 specifically to increase the sample effort 

within the Study Area.  Forty-seven samples were collected (27 within the indicative mine pit and 20 

outside), with scraping and trap setting undertaken on 3-5 November 2014 and trap collection on 21-

22 January 2015 (Figure 3 and Table 1). A list of bores sampled is given in Appendix 1. 
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Figure 3. Drill holes sampled for troglofauna at OB32 East and the immediate surrounds.
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3.2.2. Other Sampling 
Troglofauna collected as by-catch during concurrent stygofauna sampling programs are included in 

survey results.  These records provided additional information on species distributions.  

 

Although not included in the survey results, data from surveys in the immediate vicinity at OB24, OB25 

and Homestead was used to assess species ranges on a local-scale.  Altogether, 461 samples have 

been collected from these localities.  Thirty-five samples were collected at Homestead, 287 at OB24 

and 139 at OB25 (Figure 3, Table 2).  Note that some sampling at OB24 comprised only a scrape with 

no associated trap being set (Table 2).  This has been taken into account when calculating the sample 

effort at each orebody.  A scrape alone is considered to be 0.5 of a sample (Table 2).   

3.3. Personnel 
Fieldwork was conducted by Jim Cocking, Dean Main, Grant Pearson and Jeremy Quartermaine.  

Sample sorting was done by Dean Main, Heather McLetchie, Jeremy Quartermaine, Jim Cocking, Lucy 

Gibson, Sean Bennett, Danilo Harms, Jane McRae and Mike Scanlon.  Identifications were made by 

Jane McRae. 

4. RESULTS 

4.1. Occurrence and Abundance 
Survey results in the Study Area yielded 144 troglofaunal animals belonging to 10 orders and 15 

species (Table 3).  This includes one arachnid order: Palpigradi (1 species). Crustaceans were 

represented by one order: Isopoda (4 species).  Millipedes were represented by one order: Polyxenida 

(1 species).  Pauropods were represented by one order: Tetramerocerata (2 species).  

Pseudocentipedes (symphylans) were represented by one order: Cephalostigmata (1 species).  There 

were five orders of hexapods (Entognatha/Insecta): Diplura (1 species), Thysanura (2 species), 

Hemiptera (1 species), Coleoptera (1 species) and Diptera (1 species) (Table 3). 

 

The community has similar composition and diversity to other parts of the Ophthalmia Range 

(Bennelongia 2008a, b, 2009b, 2011, 2014). 

 

The millipede Lophoturus madecassus was the numerically dominant species (71 specimens) within the 

Study Area, with the beetle species Ptinella sp. B01 the next most abundant (35 specimens) (Figure 4).  

All other species were recorded in numbers of <10 specimens and five species were represented by 

one specimen (Figure 4).  

 

Photographic examples of some of the troglofauna species collected at OB32 East are given (Figure 5).

Table 1. Troglofauna sampling in the Study Area 

  Scrape S Trap D Trap Samples 

Round 1         

In-pit 14 10 4 14 

Out-of-pit 2 2   2 

Round 2         

In-pit 27 20 7 27 

Out-of-pit 20 16 4 20 

 

Table 2. Other troglofauna sampling in the vicinity of the Study Area. 

Orebody Scrape S Trap D Trap Samples 

Homestead 35 24 11 35 

OB24 351 173 50 287 

OB25 139 103 36 139 
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Table 3. Troglofauna collected at the Study Area.   
Species known only from the indicative mine pit at OB32 East are highlighted in grey. 

Taxonomy In-pit Out-of-pit Distribution Range (km) 

Arachnida     

Palpigradi     

Palpigradi sp. B17 7  Known only from OB32 0.5 

Malacostraca     

Isopoda     

?Buddelundia sp. B01  1 Known only from single 

hole at OB32 

- 

nr Andricophiloscia sp. B17 2  Known only from single 

hole at OB32 

- 

Troglarmadillo sp. B38 1  Also known from 

Homestead 

2.3 

Troglarmadillo sp. B39  1 Also known from 

Homestead and OB24 

11 

Diplopoda     

Polyxenida     

Lophoturus madecassus 5 66 Cosmopolitan (Marquet 

and Conde 1950) 

- 

Pauropoda     

Tetramerocerata     

Decapauropus sp. B05 1  Also known from Mesa 

Gap 

36 

Pauropodidae sp. B32 1  Known only from single 

hole at OB32 

 

Symphyla     

Cephalostigmata     

Hanseniella sp. B19 7 1 Also known from OB25 4.5 

Entognatha     

Diplura     

Japygidae `DPL002` 2  Also known from 

Alligator Jaws, Camp 

Hill, Caramulla, 

Governor Range, 

Hashimoto, Homestead, 

Jimblebar, Juna Downs 

Road, Jinidi, OB24, 

OB25, OB31, Rhodes 

Ridge, South Flank, 

Western Ridge, A 

Deposit, P1 Deposit, P4 

Deposit, elsewhere in 

Pilbara (Bennelongia 

unpublished) 

327 

Insecta     

Thysanura     

Atelurinae sp. B02 1 2 Also known from 

Caramulla, 

Coondewanna, 

Governor Range, 

Hashimoto, Jimblebar, 

Juna Downs Road, 

505 
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Taxonomy In-pit Out-of-pit Distribution Range (km) 

Jinidi, OB18, OB24, 

OB25, OB31, OB39, 

South Flank, Western 

Ridge, Wheelarra Hill, 

Yandi, elsewhere in 

Pilbara (Bennelongia 

unpublished) 

Trinemura sp. B26 6  Also known from 

Homestead 

2.9 

Hemiptera     

Meenoplidae sp. 1 2 Uncertain due to 

taxonomic resolution, 

probably Meenoplidae 

sp. B3 known from 

Hashimoto, Wheelarra 

Hill, Jimblebar East and 

Jimblebar West 

NA 

Coleoptera     

Ptinella sp. B01 22 13 Also known from P1 

Deposit, Packsaddle 

West, elsewhere in the 

Pilbara (Bennelongia 

unpublished) 

343 

Diptera     

Sciaridae sp. B01  2 Also known from 

Alligator Jaws, 

Jimblebar South, Mindy, 

Jinidi, OB24, OB25, 

OB31, Rhodes Ridge, 

South Flank, Western 

Ridge, B Deposit, P4 

Deposit, elsewhere in 

Pilbara (Bennelongia 

unpublished) 

416 

 

 
Figure 4. Capture abundance of troglofauna in the Study Area.
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4.2. Ranges of Species Collected 
Five of the 15 species of troglofauna known to occur at the Study Area are very widespread in the 

Pilbara or beyond; namely, Lophoturus madecassus, Japygidae `DPL002`, Atelurinae sp. B02, Ptinella sp. 

B01 and Sciaridae sp. B01 (Table 3). In addition, Decapauropus sp. B05 is known to have a linear range 

of 36 km in the Newman-Jimblebar area.  Although Meenoplidae sp. is not identified to species level, 

the three animals are considered likely to be Meenoplidae sp. B03 which is known to be locally 

widespread in the Newman-Jimblebar area (Bennelongia 2009c).   

 

The remaining eight species are known only from the Study Area or the near vicinity (Homestead, 

OB24, and OB25), namely, Palpigradi sp. B17, ?Buddelundia sp. B01, nr Andricophiloscia sp. B17, 

Troglarmadillo sp. B38, Troglarmadillo sp. B39, Pauropodidae sp. B32, Hanseniella sp. B19, and 

Trinemura sp. B26 (Table 3). Three of these species are known only from the indicative mine pit at 

OB32 East: Palpigradi sp. B17, nr Andricophiloscia sp. B17 and Pauropodidae sp. B32 (Figure 6). 

  
Figure 5. Troglofauna photographs:  

(A) Sciaridae sp. B01 – Diptera; (B) Japygidae `DPL002` – Diplura; (C) Trinemura sp. B26 – Thysanura; (D) 

Hanseniella sp. B19 - Symphyla; (E) Atelurinae sp. B02 – Thysanura; (F) Troglarmadillo sp. B39 –  

Isopoda; (G) Lophoturus madecassus – Polyxenida; (H) Ptinella sp. B01 – Coleoptera. 
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Figure 6. Troglofauna species known only from the indicative mine pit at OB32 East.
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5. IMPACT EVALUATION 

5.1. Potential Impacts of Mining on Troglofauna  
Activities that cause direct habitat loss are considered to be the primary impacts with potential to lead 

to the extinction of troglofauna species.  At OB32 East mining would remove troglofauna habitat only 

through pit excavation; however, this excavation is likely to present a significant threat to any 

troglofauna species with a range that is restricted to the indicative mine pit. 

 

In most situations, activities that reduce the quality of subterranean fauna habitat (but not its 

occurrence) are considered more likely to reduce the population size of a troglofauna species than to 

cause its extinction (see Scarsbrook and Fenwick 2003; Masciopinto et al. 2006).  Therefore, the threats 

associated with these activities are considered to be of secondary importance.  These secondary 

threats are not considered further in text but are described briefly in Appendix 2. 

5.2. Threats to Conservation of Troglofauna Species 
The persistence of troglofauna species that have occurrences outside the indicative mine pit will not 

be threatened by the proposed mining at OB32 East.  However, three troglofauna species are known 

only from indicative mine pit at OB32 East: Palpigradi sp. B17, nr Andricophiloscia sp. B17 and 

Pauropodidae sp. B32 (Figure 6). Understanding what the actual ranges of these species are likely to 

be is crucial in assessing any potential threat to them.  

5.2.1. Inferred Ranges of Apparently Restricted Species 
At present the understanding of factors controlling the distributions of individual troglofauna species 

in the Pilbara is poorly developed.  Many troglofauna species are collected in low abundance in 

assessment surveys and it is difficult to distinguish between species with very restricted distributions 

that have been collected once or twice from across their small range and more widely distributed 

species collected from one small area within their larger range.  There are many scenarios whereby the 

results of a sampling program may suggest that a quite widespread troglofauna species has a 

restricted range, especially when it is a low abundance species and, therefore, will be collected rarely 

and somewhat stochastically.  Three of the scenarios are (see Magurran and Henderson 2003; Guisan 

et al. 2006): 

 The survey area is much smaller than the species’ range. 

 The survey area is on the periphery of the species’ range, which is mostly elsewhere. 

 The sampling methods used did not catch the species effectively so that it was collected from 

only part of its area of occurrence within the survey area. 

 

Bearing in mind the difficulty of determining the ranges of species, especially troglofauna, from 

geographically limited sampling programs, the likelihood of Palpigradi sp. B17, nr Andricophiloscia sp. 

B17 and Pauropodidae sp. B32 being restricted to the indicative mine pit is examined below.  

Conclusions about the likelihood of species having restricted ranges were based on what is known 

about closely related species from the Pilbara, together with a wider consideration of the ranges of 

other species in the same troglofauna community and the type of troglofauna habitat present. 

 

Palpigradi sp. B17 

Palpigradi sp. B17 is represented by specimens from two holes 0.5 km apart at OB32 East (Figure 6).  

One hole, (HST0037R) has been logged as Tertiary detritals from 0 - 30 m, West Angeles from 30 - 84 

m (enrichment and shales) and dolomite from 84 - 90 m. Hardcap has been identified from 30 - 42 m 

down this hole and the water table depth has been logged at approximately 27 m. The second hole, 

(HST0428R) has been logged as West Angeles Member 0 - 30 m and dolomite from 30 - 45 m.  Based 

on the habitat review (see Section 2.3), it is likely that Tertiary detritals and the West Angeles Member 

form the most likely habitat for Palpigradi sp. B17.   
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Bennelongia currently recognises 17 species of palpigrad in the Pilbara; two of these species 

Palpigradida sp. B01 and Palpigradida sp. B03 are considered widespread based on morphology (RSFP 

data).  The other palpigrads collected by Bennelongia have been recorded at very low abundance and 

have very small known ranges, although these ranges may have been underestimated because of 

sampling issues associated with low abundance.  Nevertheless, it is considered that some species are 

likely to be troglobitic and likely to be restricted in range, despite lacking strongly troglomorphic 

features (Halse and Pearson 2014).  Palpigradi sp. B17 is treated as a potentially restricted troglobitic 

species based on the two records of the species being in close proximity.   

 

Assessment of whether or not Palpigradi sp. B17 is restricted to the indicative mine pit can only be 

further advanced, based on a probabilistic approach, by using surrogates, i.e. likely habitat continuity 

and the distribution of other localised species (and hence likely troglobites) that occur close to 

Palpigradi sp. B17. This assessment is presented below under “Surrogate Data” for all three of the 

apparently restricted species.   

 

nr Andricophiloscia sp. B17 

nr Andricophiloscia sp. B17 is represented by two specimens from one hole (HST0213D) at OB32 East 

(Figure 6, Figure 7).  Pauropodidae sp. B32 was collected from the same hole, which passes through 

Tertiary detritals from 0-20 m before intersecting the watertable.  As Tertiary detritals is the only 

stratum present where nr Andricophiloscia sp. B17 was collected, it is assumed that this geology must 

represent habitat for the species, although other geologies may also inhabited elsewhere.  

 

Troglofaunal philosciids are relatively rare in the Pilbara but some of the recorded species appear to 

have tightly restricted ranges. This species is likely to have a linear range of <10 km but the single 

record provides no information about its likely distribution in relation to the indicative mine pit.  

Further assessment of the likely range of this species is provided in the “Surrogate Data” section 

below. 

 

Pauropodidae sp. B32 

A single specimen of Pauropodidae sp. B32 was collected at OB32 East in hole HST0213D, which 

consisted of Tertiary detritals to the watertable (Figure 6, Figure 7).  As with nr Andricophiloscia sp. B17 

it is assumed that this geology must represent habitat for the species.  

 

The taxonomy of pauropods in Australia is not well established (Scheller 2010, 2013) but some species 

in the Pilbara have extensive ranges, such as the circumtropical Decapauropus tenuis and 

Pauropodidae sp. B01 (known linear range of 143 km), while other species typically have smaller 

ranges in the order of 10 km or less (Halse and Pearson 2014).  Many of the species collected in the 

Pilbara appear to be surface species or trogloxenes despite the aridity (U. Scheller personal 

communication) and wide ranges are not unexpected.  Given that a related species (Decapauropus sp. 

B05) found at OB32 has a linear range extending 36 km to Mesa Gap, it is considered to be moderately 

likely that Pauropodidae sp. B32 does not have a tightly restricted range. 

 

Surrogate Data 

Both biological and geological data strongly suggest that the indicative mine pit is not isolated 

troglofauna habitat for Palpigradi sp. B17, nr Andricophiloscia sp. B17 and Pauropodidae sp. B32. 

 

Four other species collected in the Study Area are considered likely to be troglobites and to have small 

ranges, namely the isopods ?Buddelundia sp. B01, Troglarmadillo sp. B38, symphylan Hanseniella sp. 

B19, and thysanuran Trinemura sp. B26 (Figure 8).  Importantly, the latter three species are known from 

beyond the Study Area, Troglarmadillo sp. B38 is known from Homestead with a
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Figure 7. Stratigraphy of holes in which Hanseniella sp. B19 has been collected.
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Figure 8. Other troglofauna species with localised distributions in the vicinity of OB32 East.
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linear range of 2.3 km, Hanseniella sp. B19 is known from OB25 with a linear range of 4.5 km, and 

Trinemura sp. B26 is known from Homestead with a linear range of 2.9 km. It should be further noted 

that three of these species occur not only in the indicative mine pit but also as outside the Study Area 

and well beyond the  indicative mine pit (Figure 8). 

 

Building a picture of the habitat used by troglofauna in the Study Area is difficult because of the lack 

of obvious voids in the diamond drill cores but it is considered that the most suitable habitat probably 

occurs in the fracturing and friable components of the Tertiary alluvials/detritals.  Given that Tertiary 

detritals is widespread in OB24, OB25 and Homestead area, it is likely that the three apparently 

restricted species, Palpigradi sp. B17, nr Andricophiloscia sp. B17 and Pauropodidae sp. B32 have 

moderately widespread local occurrence. 

 

This pattern of moderately widespread local occurrence is shown by Hanseniella sp. B19, which occurs 

in the OB24, OB25 and Homestead area.  Hanseniella sp. B19 co-occurs with nr Andricophiloscia sp. 

B17 and Pauropodidae sp. B32 in hole HST0213D where Tertiary detritals are the only habitat present 

above the watertable (Figures 6, 7, 8).  Furthermore, Hanseniella sp. B19 also potentially occupies a 

number of other geologies across its range including; West Angeles Member, Whaleback Shale and 

Dales Gorge Member (Figure 8). 

5.3. Development Impacts 
When assessing the threat to troglofauna as a consequence of mining at OB32 East, it should be 

recognised that the indicative mine pit covers an area of only 202 ha. Troglofauna habitat within the 

local area is unlikely to contain major barriers to movement of species, such as the valleys between 

isolated mesas in the Robe Valley (Biota 2006a; Harvey et al. 2008).  Furthermore, the presence of 

troglobitic species both within the indicative mine pit and elsewhere in the local area at Homestead, 

OB24 and OB25 strongly indicates habitat connectively extends beyond the area of commercial grade 

ore formations.  It is likely that other specimens of Palpigradi sp. B17, nr Andricophiloscia sp. B17 and 

Pauropodidae sp. B32 occur in this local area beyond the indicative mine pit, despite the species 

probably having small ranges.  Therefore, the proposed mining at OB32 East appears to pose little 

threat to the persistence of troglofauna species. 

6. CONCLUSION 
Troglofauna survey within the Study Area was conducted according to EPA guidelines with pit 

excavation considered to be the only activity threatening persistence of troglofauna species.  

 

Survey of the Study Area collected 15 species belonging to 10 orders.  The orders were Palpigradi, 

Isopoda, Polyxenida, Tetramerocerata, Cephalostigmata, Diplura, Thysanura, Hemiptera, Coleoptera 

and Diptera.   The Study Area appears to have a similar troglofauna community to those previously 

identified in the Ophthalmia Range.   

 

Three species of troglofauna are currently known only from within the indicative mine pit at OB32 East.  

They are Palpigradi sp. B17, nr Andricophiloscia sp. B17 and Pauropodidae sp. B32.  All three species 

are considered likely to have ranges extending outside the mine pit because a high proportion of the 

other localised species have ranges that extend into surrounding areas.  There appears to be good 

habitat connectivity between the indicative mine pit and surrounding areas and no geological barriers 

to cause a localised species to be restricted to the indicative mine pit. 

 

When this biological and geological information is considered in conjunction with the relatively small 

size of the indicative mine pit (202 ha), there appears to be little threat to the persistence of 

troglofauna species as a result of mining at OB32 East. 
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Appendix 1- Holes Sampled for Troglofauna within the Study Area 
Drill Hole Code Site Type Latitude Longitude 

HOMUNK01 In-pit -23.3128 119.7578 

HST0152R Out-of-pit -23.3111 119.7695 

HST0040R In-pit -23.3038 119.7605 

HST0096R In-pit -23.303 119.7577 

HST0042R In-pit -23.3035 119.7574 

HST0131R In-pit -23.3025 119.7518 

HST0132R In-pit -23.3017 119.7518 

HST0045R In-pit -23.3013 119.7518 

HST0180R In-pit -23.3073 119.7636 

HST0428R In-pit -23.3061 119.7641 

HST0425R In-pit -23.304 119.7631 

HST0423R In-pit -23.3043 119.7626 

HST0037R In-pit -23.3029 119.7607 

HST0350R In-pit -23.304 119.7592 

HST0353R In-pit -23.3052 119.7592 

HST0137R In-pit -23.3078 119.7607 

HST0122R In-pit -23.3068 119.7607 

HST0185R In-pit -23.3104 119.7607 

HST0454R In-pit -23.3094 119.7598 

HST0063R In-pit -23.31 119.7578 

HST0332R In-pit -23.3086 119.7569 

HST0329R In-pit -23.3072 119.7569 

HST0420R In-pit -23.3054 119.7553 

EMP0115 In-pit -23.3092 119.7553 

HST0215DT In-pit -23.3073 119.7547 

HST0380R In-pit -23.3046 119.7543 

HST0442R In-pit -23.3016 119.7568 

HST0448R In-pit -23.3017 119.7582 

HST0310R In-pit -23.3024 119.7567 

HST0130R In-pit -23.302 119.7548 

HST0473R In-pit -23.3031 119.7523 

HST0480R In-pit -23.303 119.755 

HST0125RE In-pit -23.3015 119.7605 

HST0033R Out-of-pit -23.3035 119.7649 

HST0219D Out-of-pit -23.3034 119.765 

HST0801R Out-of-pit -23.3052 119.7715 

EXS0038 Out-of-pit -23.3034 119.7662 

HST0242D Out-of-pit -23.3096 119.7648 

HST0212D Out-of-pit -23.3113 119.7637 

HST0071R Out-of-pit -23.3118 119.7637 

HST0225DM Out-of-pit -23.3105 119.7666 

HST0227DM Out-of-pit -23.3109 119.7696 

HST0230DM Out-of-pit -23.3129 119.7727 

HST0075R Out-of-pit -23.3116 119.7725 

EMP0097 Out-of-pit -23.3103 119.7729 

EMP0098 Out-of-pit -23.3094 119.7728 

EMP0130 Out-of-pit -23.3117 119.7757 

HST0084RD Out-of-pit -23.3134 119.7755 

HST0229DM Out-of-pit -23.3126 119.7755 

EMP0127 Out-of-pit -23.3125 119.7757 

HST0068R Out-of-pit -23.3115 119.7784 

HST0069R Out-of-pit -23.3125 119.7784 

HST0083RD Out-of-pit -23.3124 119.7754 
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Appendix 2 - Secondary Impact of Mining on Subterranean Fauna 
Mining activities that may result in secondary impacts to subterranean fauna include: 

1. De-watering below troglofauna habitat. The impact of a lowered water table on subterranean 

humidity and, therefore, the quality of troglofauna habitat is poorly studied but it may 

represent risk to troglofauna species in some cases.  The extent to which humidity of the 

vadose zone is affected by depth to the watertable is unclear.  Given that pockets of residual 

water probably remain trapped throughout de-watered areas and keep the overlying substrate 

saturated with water vapour, de-watering may have minimal impact on the humidity in the 

unsaturated zone.  In addition, troglofauna may be able to avoid undesirable effects of a 

habitat drying out by moving deeper into the substrate if suitable habitat exists at depth.  

Overall, de-watering outside the proposed mine pits is not considered to be a significant risk 

to troglofauna. 

2. Percussion from blasting.  Impacts on both stygofauna and troglofauna may occur through the 

physical effect of explosions.  Blasting may also have indirect detrimental effects through 

altering underground structure (usually rock fragmentation and collapse of voids) and 

transient increases in groundwater turbidity. The effects of blasting are often referred to in 

grey literature but are poorly quantified and have not been related to ecological impacts. Any 

effects of blasting are likely to dissipate rapidly with distance from the pit and are not 

considered to be a significant risk to either stygofauna or troglofauna outside the proposed 

mine pits. 

3. Overburden stockpiles and waste dumps.  These artificial landforms may cause localised 

reduction in rainfall recharge and associated inflow of dissolved organic matter and nutrients 

because water runs off stockpiles rather than infiltrating through them and into the underlying 

ground.  The effects of reduced carbon and nutrient input are likely to be expressed over 

many years and are likely to be greater for troglofauna than stygofauna (because lateral 

movement of groundwater should bring in carbon and nutrients).  The extent of impacts on 

troglofauna will largely depend on the importance of chemoautotrophy in driving the 

subterranean system compared with infiltration-transported surface energy and nutrients.  

Stockpiles are unlikely to cause species extinctions, although population densities of species 

may decrease under them. 

4. Aquifer recharge with poor quality water.  It has been observed that the quality of recharge 

water declines during, and after, mining operations as a result of rock break up and soil 

disturbance (i.e. Gajowiec 1993; McAuley and Kozar 2006).  Impacts can be minimised through 

management of surface water and installing drainage channels, sumps and pump in the pit to 

prevent of recharge though the pit floor. 

5. Contamination of groundwater by hydrocarbons.  Any contamination is likely to be localised 

and may be minimised by engineering and management practices to ensure the containment 

of hydrocarbon products. 

 


