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Executive Summary 

 

Fortescue Metals Group Ltd (Fortescue) Iron Bridge is intending to develop a mine at the North 

Star magnetite deposit in the Pilbara region of Western Australia. To meet water requirements 

for the new mine, Fortescue is investigating a potential borefield tapping the Wallal Sandstone 

Aquifer in the Canning Basin / Great Sandy Desert located approximately 160 km East of Port 

Hedland. Subterranean Ecology was commissioned by Fortescue to conduct a desktop review 

and stygofauna survey of the potential borefield and surrounding region (hereafter referred to 

as CBP Borefield Area and CBP Survey Area respectively). 

 

The Wallal Sandstone forms a large aquifer which underlies most of the north-west part of the 

Canning Basin. It is unconfined in the interior of the Great Sandy Desert and confined where it 

underlies the Jarlemai Siltstone and the Broome sandstone aquifer along the coast. Near the 

coast bores tapping this deep aquifer are artesian and further inland (CBP Borefield Area) they 

are sub-artesian.  

 

The desktop review established that there is limited regional knowledge concerning 

stygofauna in the Canning Basin / Great Sandy Desert region, however the patchy survey work 

to date has revealed the occurrence of stygofauna in shallow aquifers and springs. The only 

previous sampling for stygofauna conducted in the Wallal Sandstone Aquifer was at the Shay 

Gap Borefield where two bores were monitored on five occasions over a number of years 

(2005 – 2008) as part of Ministerial Compliance for BHPBIO’s Goldsworthy Mine. This 

monitoring did not detect any stygofauna.  

 

The field survey targeted as many bores as possible located both inside and outside the 

proposed CBP Borefield and the wider CBP Survey Area. Thirteen bores, including at least eight 

tapping the Wallal Aquifer, were sampled on two occasions (February and March 2012). The 

survey approach and methods were consistent with EPA Guidance Statement 54 (EPA 2003) 

and 54a (EPA 2007).  

 

One specimen of aphanoneuran worm belonging to the family Aelosomatidae was collected 

from a sub-artesian bore tapping the Wallal Sandstone Aquifer. The bore containing the 

aelosomatid worm was an old Department of Water bore with corroded casing and during net 

hauling an obstruction was encountered at 72 metres depth (drilled depth 235m). As the 

integrity of the bore may have been compromised due to age and deterioration, it remains 

uncertain if the aelosomatid worm colonised the bore from the Wallal Aquifer or shallower 

groundwater or surface waters. 

 

The Aelosomatidae are taxonomically very poorly known in Western Australia and 

identifications beyond family level have not generally been attempted owing to lack of a 

taxonomic specialist. The specific identification, distribution and conservation status of the 

aelosomatid collected on this survey therefore remains undefined, however members of this 

group are commonly collected in stygofauna and other aquatic surveys, as they are fully 

aquatic and opportunistically stygal.  
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The depth and confined nature of the Wallal Aquifer, and earlier repeated sampling of two 

bores in the Shay Gap Borefield which failed to detect stygofauna, suggest there is a low 

likelihood of a diverse and abundant stygofauna community being present in this aquifer. 

During this field survey an aelosomatid worm was collected from a bore intersecting the Wallal 

Aquifer. The literature review indicates that stygofauna can occur in deep and/ or confined 

aquifers, although this likelihood decreases with depth and/ or aquifer compactness and 

reduced permeability and circulation. If the Wallal Aquifer has secondary permeability 

developed in the form of fractures then this could provide a potential habitat for stygofauna.  
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1 INTRODUCTION 

Fortescue Metals Group Ltd (Fortescue) Iron Bridge is intending to develop a mine at the North 

Star magnetite deposit in the Pilbara region of Western Australia. To meet water requirements 

for the new mine, Fortescue is investigating a potential borefield within the Canning Basin on 

tenements E45/3608, E45/3605, E45/3611, E45/3606, E45/3441 and L45/272 located 

approximately 160 km east of Port Hedland and referred to as the Canning Basin Project. The 

proposed target aquifer is the Wallal Sandstone Aquifer. Subterranean Ecology was 

commissioned by Fortescue to conduct a desktop review and stygofauna survey of the 

potential borefield and surrounding region (hereafter referred to as CBP Borefield Area and 

CBP Survey Area respectively) (Figure 1). 

 

The objectives were to: 

1. Review existing hydrogeology and stygofauna information; 

2. Sample stygofauna in bores within the CBP Survey Area, focusing on the Wallal 

Sandstone Aquifer; 

3. Identify to the lowest taxonomic level possible any stygofauna collected; and 

4. Assess the distribution and conservation status of any stygofauna collected in relation 

to the proposed borefield. 
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Figure 1:   Overview of Canning Basin Project Borefield Area with sampled sites. Red box outlines CBP Borefield Area and yellow box outlines the CBP Survey Area.
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2 DESKTOP REVIEW 

2.1 Geology and Hydrogeology 

The Great Sandy Desert hosts a series of palaeodrainage basins that originally flowed north to 

the Indian Ocean or west to join the currently active Oakover and De Grey rivers. The Canning 

Basin is mostly covered by red sand plain and dunes from the Great Sandy Desert. The primary 

Canning Basin Subdivisions are from west to east (Williams 2003): 

 

• The Wallal Embayment; 

• Carawine Embayment; 

• Wallal Platform; 

• Waukarlycarly Embayment; and 

• Samphire Graben. 

 

The Canning Basin consists of poorly exposed shattered outcrops of Lower Permian Paterson 

Formation and Poole Sandstone: scattered mesas, foothills and small, but prominent outcrops 

of Jurassic – Cretaceous Callawa Formation; widely separated laterite–capped Cretaceous 

Parda Formation; and a few mesas of Cretaceous Frezier Sandstone (Figure 2). The region has 

very few watercourses. Most are short and all are ephemeral, flowing very infrequently and 

only for short periods of time following heavy rainfall.  
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Figure 2   Superficial geology of the CBP Survey Area. Yellow box denotes CBP Survey Area.
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Aquifers in the Canning Basin area are associated with hydraulically isolated sedimentary 

sequences within a broad Jurassic to Cretaceous–aged Basin (Figure 3). The Jurassic-aged, 

Wallal Sandstone, which the project area overlays, reveals groundwater levels as much as one 

hundred metres deep, and close to the coast bores are artesian. The Wallal Sandstone 

together with the Alexander Formations forms a large aquifer which underlies most of the 

north-west part of the Canning Basin. It is unconfined in the interior of the Great Sandy Desert 

and confined where it underlies the Jarlemai Siltstone and the Broome sandstone aquifer 

along the coast (Laws 1991) including the CBP Study Area. It is understood that the Wallal 

Sandstone Aquifer is the target aquifer for Fortescue’s borefield. 

 

 

 

 

Figure 3   Hydrogeological section across the Western Canning Basin (amended from Department of Fisheries, 

Government of Western Australia (2004), www.fish.wa.gov.au)  
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2.2 Factors Influencing Stygofauna Occurrence 

Groundwater habitats for stygofauna are defined by hydrogeological characteristics (type of 

aquifer), by biogeography, and by hydrological exchange with the surface (Hahn 2009). The 

distribution of stygofauna is controlled by the physical attributes of aquifers, physico-chemical 

characteristics of groundwater, historical / evolutionary factors, biological interactions, and 

interactions among these broad classes of elements (Strayer 1994). 

 

2.3 Aquifer Type 

Stygofauna occupy groundwater across a diverse range of geological / geomorphic settings, 

including karstic carbonate rocks (e.g. limestone, calcrete), fractured and weathered rocks (e.g. 

BIF, pisolite), and porous unconsolidated alluvium. They may be found from deep groundwater 

habitats tens to hundreds of metres below the surface, to shallow groundwater habitats 

including springs and spring-brooks (where groundwater discharges to the surface), and also 

in hyporheic and parafluvial settings (saturated sediments beneath and alongside surface 

water courses).  

 

At the landscape scale, the hydrogeological type of aquifer provides a useful indication of 

prospective habitat for stygofauna and the type of assemblage that may be present. Hahn and 

Fuchs (2009) defined a typology comprising two main types of aquifer relevant for stygofauna: 

1. ‘compact aquifers’ (aquitards); and 

2. ‘open aquifers’. 

 

Compact aquifers have reduced pore spaces, and low to very low hydraulic conductivity (kf < 

10 - 6 m/sec); including for example, clay, loess, and very fine sands, as well as compact rocks 

(Hahn 2006). Meanwhile, open aquifers comprise porous, fractured and weathered or karstic 

groundwater systems. They are characterised by more or less well developed fractures, pore 

spaces and/or secondary weathering, and show moderate to high hydraulic conductivity (kf > 

10 - 6 m/sec) (Hahn and Fuchs 2009).  

Open aquifers feature greater hydraulic conductivity, leading to more rapid or frequent surface 

water to groundwater exchanges, which promote the nutrient and oxygen cycles which 

support rich stygofauna assemblages. Compact aquifers / aquitards are often devoid of 

stygofauna, or have depauperate assemblages, due to a lack of pore spaces and hydraulic 

circulation (Hahn and Fuchs 2009).  

 

2.4 Porosity And Hydraulic Conductivity 

On a local scale, hydraulic conductivity drives hydrological exchanges that control food and 

oxygen supply for stygofauna. The degree of hydrological exchange with the surface is 

considered to be the key factor shaping groundwater ecosystems (Hahn 2006). Higher 
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hydraulic conductivity generally leads to a greater influx of organic matter and oxygen to 

support stygofauna (Hancock and Boulton 2008). 

 

2.5 Depth From Surface 

In open aquifers such as karst, both microbes and invertebrates (and even occasionally 

vertebrates) can be found in meso-caverns and caves at great depth (as much as 2,000 m) 

below the Earth’s surface. In compact aquifers stygofauna assemblages tend to be limited to 

near surface habitats (Strayer 1994), while only microbial assemblages (e.g. bacteria) can 

inhabit confined aquifers hundreds of metres below the earth’s surface. This trend is due to 

the generalised correlation between increased depth and decreased rates of hydrological 

exchange: i.e. in exceptional areas such as karst, where hydrological exchange is rapid, depth 

is not a limiting factor (Hahn 2006; Culver and Pipan 2009). Diverse stygofauna communities 

including vertebrates (Texas blind salamander) are known from the deep and confined 

aquifers, for example the karstic Edwards Aquifer in Texas (400 m depth, artesian) The world’s 

deepest documented macro-invertebrate community occurs in a karstic cave 2, 140 m deep in 

the Western Caucasus (Sendra and  Reboleira 2012).  In non-karstic groundwaters a species of 

nematode worm has been described from groundwater habitats at 2,000 metres depth in 

South African gold mine (Borgonie et al. 2011). 

 

2.6 Oxygen And Nutrient Cycles 

Greater isolation from the surface leads to the groundwater fauna having greater affinity to 

their subterranean environment – i.e. the prevalence of obligate stygofauna (stygobites), over 

facultative stygofauna (stygoxenes or stygophiles). This isolation occurs via vertical depth, 

lateral distance from recharge sources, and distance or time along groundwater flow paths 

(Gibert et al. 1994). Dissolved oxygen and organic carbon become gradually depleted (via 

microbial metabolism) along groundwater flow paths. Habitats that have slower or longer 

oxygen and nutrient cycles will be unable to sustain stygofauna assemblages as rich as 

habitats which have rapid exchanges with the surface. 

 

Food supply for most groundwater communities comes in the form of dissolved organic 

matter, particulate organic matter, and bacteria (Hahn 2006). Except for certain rare 

chemoautotrophic systems, food is generally limited and dependent on allochthonous inputs 

from the surface (Humphreys 2006). Thus the strength and direction of hydrological exchange 

with the surface is a key factor shaping the structure of groundwater communities (Hahn 

2006). The roots of groundwater dependent vegetation can also play a key role as conduits for 

surface water and nutrient / oxygen input, as well as themselves providing a rich food source. 
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2.7 Groundwater Physico-chemistry 

The most well-established physicochemical conditions which influence stygofauna habitat 

include salinity (TDS, also indicated by electrical conductivity EC), dissolved oxygen (DO), 

acidity (pH) and Redox potential (Eh).   

 

2.7.1 Dissolved Oxygen 

Dissolved oxygen is spatially heterogeneous in groundwater at various spatial scales, reflecting 

changes in sediment composition and structure, groundwater flow rates, organic matter 

content, and the abundance and activity of micro-organisms (Hahn 2006; Malard and Hervant 

1999). The DO concentration of groundwater may be classified as oxic (> 3 mg/L O2); dysoxic 

(3 – 0.3 mg/L O2); or suboxic (< 0.3 mg/L O2). Oxygen is a limiting factor for macro-

invertebrates in groundwater, but many stygobitic animals are highly resistant to low levels of 

dissolved oxygen. Hahn (2006) found that stygofauna abundance decreased strongly below 

1.0 mg/L, and that DO concentrations below 0.5 mg/L are critical for most groundwater macro 

invertebrates. However, certain species are known only from oxygen deficient groundwaters, 

and have an enhanced ability to tolerate hypoxia (Malard and Hervant 1999). 

Although most stygofauna are unsuited for life in extensively or permanently suboxic 

groundwater (< 0.3 mg/L O2), they can tolerate small or temporarily suboxic patches (Malard 

and Hervant 1999). Although rich stygofauna assemblages are usually associated with oxic to 

moderately dysoxic groundwaters, stygobites are commonly found in dysoxic waters with DO 

levels well below 1 mg/L.  

 

2.7.2 Acidity / Alkalinity / pH 

Stygofauna are often rich in calcareous geologies (e.g. calcrete, limestone) where the pH is 

typically between 7.2 – 8.2 (Humphreys 2008). Carbonate rocks generally produce slightly 

alkaline groundwaters, while groundwater in igneous and metamorphic sedimentary aquifers 

may be acidic, and less suitable for stygofauna (Humphreys 2008). However, during the DEC 

Pilbara Stygofauna Survey (Eberhard et al. 2009) stygofauna were sampled from bores in a 

wide range of hydrogeological environments, where pH ranged from slightly acidic (as low as 

5.7) to slightly alkaline (as high as 8.2).  
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2.8 Existing Knowledge Canning Basin / Great Sandy Desert  

There is limited regional knowledge concerning stygofauna in the Canning Basin / Great Sandy 

Desert, however the patchy survey work to date has established the occurrence of stygofauna 

in shallow aquifers and springs in this region (Figure 4).  

 

The nearest previously sampled sites to Fortescue’s proposed CBP Borefield is BHPBIO’s  Shay 

Gap Borefield which taps the Wallal Sandstone Aquifer, the same aquifer which Fortescue 

propose to target for their water supply. In the Shay Gap Borefield two bores were monitored 

on two occasions from 2005 to 2007 by Biota (Biota 2008) and on three occasions from 2007 

to 2008 by Subterranean Ecology (Subterranean Ecology 2009) as part of Ministerial 

Compliance for the Goldsworthy Mine. This monitoring did not detect any stygofauna although 

only two bores were monitored. The “strike rate” (proportion of bores sampled that yield 

stygofauna) across the Pilbara region is in the vicinity of about 70% (Eberhard et al. 2009).  

 

The DEC Pilbara Stygofauna Survey (DEC 2006; Eberhard et al. 2004) sampled several bores 

along the Great Northern Highway and found a high diversity of stygofauna. These bores, 

located near the coast in the northern part of the CBP Study Area, most probably tapped 

shallow (superficial) groundwaters. The DEC survey (DEC 2006; Eberhard et al. 2004) also 

sampled one site in the Shay Gap Borefield and no stygofauna was detected. DEC also 

surveyed for stygofauna in springs, hyporheos and two bores at Karlamilyi River (formerly 

Rudall River) National Park located approximately 350 km south-east from the CBP Study Area 

(DEC 2006; Eberhard et al 2004).   

 

Telfer Mine is located 230 km south east from the CBP Study Area in the Great Sandy Desert 

although it lies outside of the Canning Basin. Multiple stygofauna surveys have been 

undertaken here over the years by various consultancies and a diverse stygofauna is known 

from fractured, superficial Phanerozoic sedimentary rocks of generally low permeability 

(Subterranean Ecology unpubl.). 

 

Storey et al. (2011) surveyed the mound springs and collected stygobites (bathynellaceans) at 

Mandora Marsh which lies within the La Grange south groundwater subarea of the Great 

Sandy Desert. Shallow wells and a cave in calcrete on the Canning Stock Route have been 

sampled for stygofauna by the Western Australian Museum (W.F. Humphrey’s pers. comm.). A 

species of stygobitic atyid shrimp has been described from the cave (Holthuis 1986).     
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FIGURE 4: Regional stygofauna knowledge in the Canning Basin / Sandy Desert.   
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3 METHODS 

3.1 Survey Approach 

This survey was constrained by limited numbers of bore holes available for survey, including 

both inside and outside the CBP Borefield and Survey Area. The survey targeted as many bores 

as possible located within and nearby to the CBP Survey Area and which tapped the Wallal 

Sandstone or other local / superficial aquifers (Table 1). During the time of this survey no bores 

had yet been developed by Fortescue, and the only bores available which tapped the Wallal 

Sandstone aquifer were old DoW bores. Access to sample BHPBIO’s Shay Gap Borefield was 

not possible. 

 

So far as possible the survey approach and methods were consistent with EPA Guidance 

Statement 54 (EPA 2003) and 54a (EPA 2007).  

 

Table 1  Canning Basin Survey effort 

AQUIFER 

INSIDE CBP  

Borefield Area 

OUTSIDE CBP  

Borefield Area  

Wallal Sandstone Aquifer  2 sites   ( 7 samples) 6 sites       (17 samples) 

Unknown Aquifer    4 sites       (8  samples) 

Shallow Aquifer   1  site         (1  samples) 

Total 7 26 

 

3.2 Field Sampling  

Stygofauna were sampled by the net hauling method and by filtering water from the bore 

outlet (if artesian). For the net hauling method, two, 150 and 50 µm mesh plankton nets of an 

appropriate diameter (80mm) to match the drill-hole size, with a weighted vial attached, were 

each separately lowered into the hole and then hauled up through the water column. Sub-

artesian or non-artesian bores were sampled with six net hauls following standard EPA (2007) 

Guidance protocol. For artesian bores, water samples were collected from the outflow of the 

bore using mesh plankton net. The water was allowed to flow into the net ranging from 30 – 

60 minutes after estimating the flow rate and bore volume to determine the time required to 

purge the equivalent of one bore volume.  All samples were elutriated on site then transferred 

to a 30mL vial and preserved in 100% ethanol. To allow for DNA fixation, each sample was 

stored in ice. After each field day, samples were transferred to a refrigerator (approx. 2°C). 

Samples were kept at approximately 2° C during subsequent sorting and identification. 

Personnel involved in field sampling are listed in Table 2.  

 

To characterise groundwater physico-chemistry, bailer samples were taken from bores prior to 

stygofauna sampling, or from the outflow of the bore if artesian. One litre of groundwater was 

sampled, from a depth of approximately one metre below the water surface. The parameters 

recorded were temperature (° Celsius), acidity/alkalinity (pH), dissolved oxygen (DO, mg/L), and 
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electrical conductivity (EC, µS/cm) and were measured using a “TPT” brand multi-functional 

water meter.  

3.3 Laboratory 

Sorting of preserved samples was conducted in the laboratory using dissecting microscopes. 

Each specimen was identified to the lowest taxonomic rank possible and counted. Further 

identification of specimens was undertaken using published keys and descriptions using high 

resolution dissection or compound microscopes. Personnel and specialist taxonomists 

involved in sorting and identification are listed in Table 2 and Table 3.  

 

Table 2  Subterranean Ecology personnel involved in the CBP Study Area Stygofauna survey. 

Role Names 

Project Manager K. Eriksson 

Survey Design K. Eriksson, S. Catomore 

Field Team K. Eriksson, S. Catomore 

Sorting S. Catomore, K. Eriksson, G. Perina 

Identifications T.Coen 

Data Management and Analysis K. Eriksson  

Mapping K. Eriksson 

Report compilation K. Eriksson / S. Eberhard 

Review S. Eberhard / R. Keogh  

 

 

Table 3  Specialist taxonomists consulted during the Canning Basin Fauna Survey. 

Taxonomist Taxon Affiliation 

A. Pinder Annelida Department of Environment and Conservation (DEC) 

 

3.4 Sample Sites  

Thirteen sites were located and sampled on at least two occasions (Table 4 and Appendix 2) 

during the wet season (21-24 February and 28-30 March) 2012. Geographically, the drill/bore 

holes that were surveyed covered the CBP Survey Area (Figure 1). Sampling in the CBP Survey 

Area employed 21 net hauls from surficial or sub-artesian bores and 12 net samples from bores 

with artesian flow.   

 



 Subterranean Ecology 

Scientific Environmental Services 

[COMMERCIAL IN CONFIDENCE] 
 

FORTESCUE METALS GROUP LTD 

Canning Basin Project 

Stygofauna Survey and Habitat Assessment 

 

17 

Table 4  Summary of sample site information (drilled depth and target aquifer sourced from Leech 1979). 

 

Bore ID 

 

Method 

 

Bore “type” 

 

Target Aquifer 

 

Drilled Depth 

(m.b.g.l) 

 

Notes 

No.19A Bore Net-haul Sub-Artesian Wallal Sandstone 176 m (Measured 

depth when 

sampled: 114 m) 

 Sampled 4 times 

No. 20 Bore Net-haul Sub-Artesian Wallal Sandstone 215 m (Measured 

depth when 

sampled: 126 m) 

 Sampled 3 times 

No. 21 Bore Net-haul Sub-Artesian Wallal Sandstone 235 m  (Measured 

depth when 

sampled: 72 m) 

 Sampled 4 times 

No. 22 Bore  Net over outflow Artesian Wallal Sandstone 344 m Sampled 4 times 

No. 23 Bore Net-haul Sub-Artesian Wallal Sandstone 210 m Not accessible (couldn’t 

find)  

WCB 24C Net-haul Sub-Artesian  Wallal Sandstone 267 m Only one sample due to 

biohazard (dead animals 

in bore) 

No. 25 Bore Net over outflow Artesian Wallal Sandstone 696 m Sampled 4 times 

WCB 18Y Net-haul Sub-Artesian or Non-

Artesian 

Unknown 126.5 m (Measured 

depth when 

sampled: 125 m) 

 Sampled 4 times 

No. 8 Bore Net-haul Non-Artesian Unknown Unknown Not able to access 

during second trip due 

to flooding. Sampled 1 

time 

No. 17 Bore Net over outflow Artesian Wallal Sandstone 259 Sampled 2 times 

“Rosie’s 

Chicken 

Bore” 

Net over outflow Artesian Wallal Sandstone Unknown Sampled 2 times 

WCB 15Y Net-haul Sub-Artesian or Non-

Artesian 

Unknown Unknown 

(Measured depth 

when sampled: 

107 m) 

 Sampled 2 times 

Cooragoora 

Well 

Net-haul Non-Artesian Superficial Aquifer Unknown (shallow 

well) Measured 

depth when 

sampled:9 m 

 Sampled 1 time 

MRD1 Bore Net-haul Non-Artesian Unknown Unknown Sampled 1 time 
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4 RESULTS 

4.1 Stygofauna 

One specimen of aelosomatid worm (see report cover for image) was collected in a net haul 

sample from No. 21 Bore (Table 5, Plate 1). Bore 21 appears to be a sub-artesian bore targeting 

the Wallal Sandstone Aquifer, with a recorded drilled depth of 235 m (Leech 1979). During 

sampling the net could be lowered to 72 meters below ground level where an obstruction was 

encountered.   

 

Table 5:  Fauna Sampling Results 

 

 

Sub-Phylum 

Class Order Family Identification Number of 

individuals 

Site 

Annelida Polychaeta  Aelosomatidae Aelosomatidae sp. indet 1  No.21 

Bore 

 

 

 

Plate 1. Photo of No. 21 Bore 
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4.2 Groundwater Physico-chemistry 

Groundwater physico-chemistry: electrical conductivity (EC), dissolved oxygen (DO), 

temperature (°C), and pH are shown in Table 4.  

 

Table 6 Groundwater physico-chemistry measured in samples from bores in the CBP Study Area on two 

sampling visits 

Groundwater 

Parameters 

Trip 1 : 

February 

2012 

(sub-

artesian) 

Trip 1 : 

February 

2012 

(artesian) 

Trip 1 : 

February 

2012 (non-

artesian or 

unknown) 

Trip 2: 

March 2012 

(sub-

artesian) 

Trip 2: 

March 2012 

(artesian) 

Trip 2: 

March 2012 

(non-artesian 

or unknown) 

Temp. (°C) n = 5 n = 6 n=6 n = 7 n = 9 n=3 

Mean 32.22 32.75 33.3 32.63 32.58 32.46 

StDev 0.978 1.32 4.23 0.25 0.25 0.25 

Range 31.2-33.5 31 -34.2 30.4-41.7 32.4-33.1 32.6-32.8 32.2-32.7 

Electrical 

conductivity 

(EC) 

n = 5 n = 6 n = 6 n = 7 n = 9 n = 3 

Mean 1343.58 1085 1701.05 1171.85 1196 1245 

StDev 975.36 245.12 1046.59 981.41 792.55 315.03 

Range 699-2413 775-1324 254.3-3202 682-2443 775-1333 1095-1607 

pH n = 5 n = 6 n = 6 n = 7 n = 9 n = 3 

Range 6.9 – 7.36 6.82 – 7.26 6.82 – 8.26 6.84 – 7.91 6.84 – 7.91 7.61 – 7.91 

DO (mg/ L) n = 5 n = 6 n = 6 n = 7 n = 9 n = 3 

Mean 0.876 1.095 1.97 0.66 1.029 1.79 

StDev 0.478 0.843 0.723 0.514 0.708 0.199 

Range 0.16 – 1.21 0.47  - 2.32 0.83 – 2.49 0.26 – 1.57 0.44 – 2.31 1.67 – 1.68 

 

Overall, measured groundwater physico-chemistry parameters were within the tolerable 

ranges for stygofauna (Humphreys 1999, Malard and Hervant 1999, Humphreys 2008, 

Subterranean Ecology unpublished data). Dissolved oxygen (DO) had a range of 0.44 to 2.32 

within the artesian bores and 0.16 to 1.57 within the sub-artesian bores. The lowest oxygen 

levels were found within non-artesian bores. The bore with the lowest DO concentration (0.16 

mg/L) was from the same bore (No. 21 Bore) as the aelosomatid polychaete was collected, but 

not from the same sampling event. The measured DO varied from 0.16-0.83 during four 

sampling occasions for No. 21 Bore. DO concentrations below 0.5 mg/L have shown to be 

critical for most groundwater fauna (Hahn 2006).  
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5 DISCUSSION  

In open aquifers such as karst, both microbes and invertebrates (and even occasionally 

vertebrates) can be found in meso-caverns and caves at great depth (as much as 2,000 m) 

below the Earth’s surface. In compact aquifers stygofauna assemblages tend to be limited to 

near surface habitats (Strayer 1994), and it is often assumed that only microbial assemblages 

(e.g. bacteria) can inhabit confined and/or compact aquifers hundreds of metres below the 

earth’s surface. This trend is due to the generalised correlation between increased depth and 

decreased rates of hydrological exchange: i.e. in exceptional areas such as karst, where 

hydrological exchange is rapid, depth is not a limiting factor (Hahn 2006; Culver and Pipan 

2009). Diverse stygofauna communities including vertebrates (Texas blind salamander) are 

known from the deep and confined aquifers, for example the karstic Edwards Aquifer in Texas 

(400 m depth, artesian).  The world’s deepest documented macro-invertebrate community 

occurs in a karstic cave 2,140 m deep in the Western Caucasus (Sendra and Reboleira 2012).  

In non-karstic groundwaters a species of nematode worm has been described from 

groundwater habitats (presumably fractured-rock aquifer type) at 2,000 metres depth in a 

South African gold mine (Borgonie et al. 2011).   

 

During this survey, one specimen of aphanoneuran worm belonging to the family 

Aelosomatidae was collected from a sub-artesian bore tapping the Wallal Sandstone aquifer, 

a non-karstic confined aquifer. The bore containing the aelosomatid worm was an old 

Department of Water bore with corroded casing and during net hauling an obstruction was 

encountered at 72 metres below ground level (drilled depth 235m). As the integrity of the 

bore may have been compromised due to age and deterioration, it remains uncertain if the 

aelosomatid worm colonised the bore from the Wallal Aquifer or shallower groundwater or 

surface waters. 

 

The Aelosomatidae are taxonomically very poorly known in Western Australia and 

identifications beyond family level have not generally been attempted owing to lack of a 

taxonomic specialist (A. Pinder pers. comm.). The specific identification, distribution and 

conservation status of the aelosomatid collected on this survey therefore remains undefined, 

however members of this group are commonly collected in stygofauna and other aquatic 

surveys.  

 

Overall measured groundwater physico-chemistry parameters were within the tolerable 

ranges for stygofauna although dissolved oxygen (DO) varied from suboxic (< 0.3 mg/L) to 

dysoxic (0.3 – 3.0 mg/L). The measured physico-chemistry did not show a significant 

difference between the artesian, sub-artesian bores or non-artesian bores. The measured 

values (especially DO), collected by bailer or artesian outflow, are likely to have been affected 

by exposure to the atmosphere therefore the results should not be considered as necessarily 

indicative of aquifer conditions. Nonetheless stygobites are known to be tolerant of very low 

dissolved oxygen (Malard and Hervant 1999, Hahn and Fuchs 2006). 

 

The depth and confined nature of the Wallal Aquifer, and earlier repeated sampling of two 

bores in the Shay Gap Borefield which failed to detect stygofauna, suggest there is a low 
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likelihood of a diverse and abundant stygofauna community being present in this aquifer. 

During this field survey an aelosomatid worm was collected from a bore intersecting the 

Wallal Aquifer. The literature review indicates that stygofauna can occur in deep and / or 

confined aquifers, although this likelihood decreases with depth and / or aquifer compactness 

and reduced permeability and circulation. If the Wallal Aquifer has secondary permeability 

developed in the form of fractures then this could provide a potential habitat for stygofauna. 
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7 APPENDICES   

 

 

BORE ID BORE TYPE 

SAMPLING 

PHASE SAMPLE METHOD TARGET AQUIFER 

UTM N 

GDA94 

UTM E 

GDA94 

UTM Zone 

 

FMG019_Rosie's Chicken Bore_FN11418 Artesian T1 Net from outflow Wallal Sandstone 7780630 797598 50 

FMG019_DoW No. 17 Bore_FN11419 Artesian T1 Net from outflow Wallal Sandstone 7784880 809086 50 

FMG019_DoW No. 8 Bore_FN11420 Bore T1 Net haul Unknown 7777358 791267 50 

FMG019_No. 22 Bore_FN11421 Artesian T1 Net from outflow Wallal Sandstone 7787162 196039 51 

FMG019_No. 22 Bore_FN11525 Artesian T1 Net from outflow Wallal Sandstone 7787162 196039 51 

FMG019_No. 21 Bore_FN11422 Sub-artesian? T1 Net haul Wallal Sandstone 7778657 196195 51 

FMG019_No. 21 Bore_FN11526 Sub-artesian? T1 Net haul Wallal Sandstone 7778657 196195 51 

FMG019_No. 20 Bore_FN11518 Sub-artesian? T1 Net haul Wallal Sandstone 7770518 196173 51 

FMG019_No. 19A Bore_FN11519 Sub-artesian? T1 Net haul Wallal Sandstone 7763706 196979 51 

FMG019_No. 19A Bore_FN11527 Sub-artesian? T1 Net haul Wallal Sandstone 7763706 196979 51 

FMG019_WCB18Y_FN11520 Bore T1 Net haul Unknown 7750185 197421 51 

FMG019_WCB18Y_FN11528 Bore T1 Net haul Unknown 7750185 197421 51 

FMG019_No. 25 Bore_FN11521 Artesian T1 Net from outflow Wallal Sandstone 7788139 836954 51 

FMG019_No. 25 Bore_FN11524 Artesian T1 Net from outflow Wallal Sandstone 7788139 836954 51 

FMG019_WCB15Y_FN11529 Bore T1 Net haul Unknown 7762493 808701 50 

FMG019_MRD1_FN11522 Bore T1 Net haul Unknown 7796021 235018 51 

FMG019_Cooragoora Well_FN11523 Bore T1 Net haul Superficial 7790664 212723 51 

FMG019_Rosie's Chicken Bore_FN11539 Artesian T2 Net from outflow Wallal Sandstone 7780630 797598 50 

FMG019_DoW No. 17 Bore_FN11538 Artesian T2 Net from outflow Wallal Sandstone 7784880 809086 50 

FMG019_No. 22 Bore_FN11530 Artesian T2 Net from outflow Wallal Sandstone 7787162 196039 51 

FMG019_No. 22 Bore_FN11537 Artesian T2 Net from outflow Wallal Sandstone 7787162 196039 51 

FMG019_No. 21 Bore_FN11536 Sub-artesian? T2 Net haul Wallal Sandstone 7778657 196195 51 

FMG019_No. 21 Bore_FN11475 Sub-artesian? T2 Net haul Wallal Sandstone 7778657 196195 51 

Appendix 1: Sample sites, method and the geographic location 
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BORE ID BORE TYPE 

SAMPLING 

PHASE SAMPLE METHOD TARGET AQUIFER 

UTM N 

GDA94 

UTM E 

GDA94 

UTM Zone 

 

FMG019_No. 20 Bore_FN11535 Sub-artesian? T2 Net haul Wallal Sandstone 7770518 196173 51 

FMG019_No. 20 Bore_FN11474 Sub-artesian? T2 Net haul Wallal Sandstone 7770518 196173 51 

FMG019_No. 19A Bore_FN11534 Sub-artesian? T2 Net haul Wallal Sandstone 7763706 196979 51 

FMG019_No. 19A Bore_FN11473 Sub-artesian? T2 Net haul Wallal Sandstone 7763706 196979 51 

FMG019_WCB18Y_FN11533 Bore T2 Net haul Unknown 7750185 197421 51 

FMG019_WCB18Y_FN11472 Bore T2 Net haul Unknown 7750185 197421 51 

FMG019_No. 25 Bore_FN12321 Artesian T2 Net from outflow Wallal Sandstone 7788139 836954 51 

FMG019_No. 25 Bore_FN11532 Artesian T2 Net from outflow Wallal Sandstone 7788139 836954 51 

FMG019_WCB 24C_FN11531 Bore T2 Net haul Unknown 7779174 208451 51 

FMG019_WCB15Y_FN11540 Bore T2 Net haul Unknown 7762493 808701 50 
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Summary 
This report provides the results of stygofauna survey conducted for Fortescue Metals Group Ltd (FMG) 
within the corridor of their railway to Port Hedland.  FMG recently constructed this railway between 
their iron ore mining operations in the East Pilbara (Cloud Break Mine) and their new iron ore terminal 
(Herb Elliott Port) at Port Hedland.  During construction of the railway, water was required for material 
conditioning, dust suppression and water supply at  rail camps and  ballast sidings.  The source of water 
along the rail corridor was groundwater.  Water use was subject to the requirements of Ministerial 
Statement 690 and the stygofauna survey was part of these requirements.  The aim of the survey was to 
determine whether extracting groundwater for construction of the FMG railway impacted on the 
conservation status of species in the local stygofauna communities.  Extracting groundwater primarily 
impacts on stygofauna communities through direct loss of aquatic habitat.  Water drawdown along the 
railway was minor in terms of spatial extent and was temporary while construction of the railway took 
place. 
 
Stygofauna communities sampled within the FMG railway corridor showed typical abundance and 
richness for communities in the Pilbara, with 41 species of eight orders identified, including amphipods, 
isopods, copepods, ostracods, mites and oligochaetes. No taxon identified to species level was restricted 
to bores within areas of groundwater drawdown, with all species being either recorded in reference 
bores outside the zone of groundwater drawdown or known from outside the study area through 
previous surveys.  One previously unrecorded species was identified during the survey, a copepod of the 
genus Parastenocaris (Parastenocaris n. sp. B3).  Although Parastenocaris n. sp. B3 is currently unknown 
outside the railway corridor, the species was found in habitat (reference bores) that was not dewatered 
and rail construction is unlikely to have affected its conservation status. 
 
There was no detectable effect of groundwater extraction for railway construction on stygofauna 
species abundance or diversity.  This fits with expectation given the minor and temporary nature of the 
groundwater drawdown. 
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1.0 Introduction 
Fortescue Metals Group Ltd (FMG) have constructed a railway between their iron ore mining operations 
in the eastern Pilbara (Cloud Break Mine) and their new iron ore terminal (Herb Elliott Port) at Port 
Hedland, a distance of 264 km.  During construction of the railway, water was required for material 
conditioning, dust suppression and to supply water to  rail camps and  ballast sidings.  Water was 
supplied along the rail corridor from groundwater.  A total of 26 groundwater-source areas were 
designated by FMG along the railway corridor at intervals ranging from 7.3 km to 22.0 km with an 
average spacing of 14.8 km (Aquaterra 2007: see Appendices A, B, C).  These water-sources are spread 
over three broad geological subdivisions, coastal alluvium, regional granite, and Fortescue and 
Hamersley Group rocks (Aquaterra 2007).  The majority of the groundwater-source areas are in the Port 
Hedland Coast hydrographic basin, although one groundwater-source was located in each of the De 
Grey River and Fortescue River basins.  Stygofauna are known to inhabit groundwater in all of these 
areas (Eberhard et al 2005a). 
 
The stygofauna communities of the Pilbara are the richest known in Australia and are considered 
significant on a global scale (Eberhard et al 2005a; Eberhard et al 2008).  Many stygofauna communities 
of the Pilbara have localised distributions and often contain short range endemics (SREs) (Eberhard et al 
2008).  Guidance for the protection of stygofauna is given by the Environmental Protection Authority 
(EPA 2003, 2007) and requires proponents to undertake a survey of stygofauna when a project may 
have a significant impact on groundwater habitat.  Groundwater abstraction for the construction of the 
FMG railway was subject to the requirements of Ministerial Statement 690, which required stygofauna 
survey.  This survey, conducted for FMG to meet the aforementioned requirements, aimed to: 

1. Determine whether groundwater extraction for construction of the FMG railway 
impacted on stygofauna communities. 

2. Describe the conservation status of component species of these stygofauna 
communities. 

2.0 Geology and hydrology  
The groundwater-source areas of the FMG railway are in three hydrographic basins and three broad 
geological sub-divisions (coastal alluvium, regional granite, and Fortescue and Hamersley Group rocks - 
Aquaterra 2007).  From 0 to 55 km the rail corridor passes through coastal alluvium plain of the Port 
Hedland Basin that generally comprises a thin layer of clays, silts and occasional sands and gravel 
overlying principally granitoid base.  The groundwater volume is likely to be greater where localised 
calcrete deposits exist (Aquaterra 2007).  From 55 km to 221 km the rail corridor traverses regional 
granite.  This is composed of coarse-grained Archaean granitic lithologies, including adamellites, 
granodiorites and granites, commonly overlain by a thin layer of Quaternary eluvium or alluvium.  
Groundwater is mostly associated with weathering features or fracturing/faulting of the granite, or with 
intrusive lithologies including quartz veins, pegmatites and dolerite dykes.  Shallow alluvium is localised.  
Calcretes exist associated with drainage channels and have the potential to enhance groundwater 
recharge (Aquaterra 2007).  From 221 km to 256 km the rail corridor runs through Fortescue and 
Hamersley Group rocks, comprising the Tumbiana Formation, Maddina Basalt and Jeerinah Formation.  
Groundwater is generally associated with faults and fracture zones.  The Marra Mamba Iron Formation 
comprises of chert, shale and banded iron formation (BIF).  Mineralised Marra Mamba is generally 
permeable with potential for moderate to high volumes of groundwater (Aquaterra 2007). 

3.0 Stygofauna of the Pilbara and its conservation 
Stygofauna is a term used to describe aquatic fauna that spend all, or most of, their life cycle in 
groundwater and possess morphological adaptations to this subterranean life.  Typically, these are 
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characterised by loss of eyes and skin pigmentation, although some species retain reduced eyes.  In 
Western Australia stygofauna are known almost exclusively as invertebrates, although stygofaunal fish 
have been recorded (Whitely 1945).  Stygofauna occur in an array of different groundwater habitats 
including porous, karstic and fractured-rock aquifers, springs and hyporheic habitats (Eberhard et al 
2005a). 
 
It has been estimated that the Pilbara has between 500 and 550 stygofauna species, with the density of 
species being relatively uniform across the region (Eberhard et al 2008).  Subterranean faunas usually 
contain higher proportions of SREs than nearby surface communities (Gibert & Deharveng, 2002).  Many 
Pilbara stygofauna have localised distributions and up to 70 % are SREs (Eberhard et al 2008).  Locally 
restricted species are vulnerable to extinction following habitat destruction or environmental change 
and therefore have higher conservation status than more widespread species (Ponder & Colgan, 2002; 
Fontaine et al., 2007).  Due to the high proportion of SREs among subterranean species, the 
Environmental Protection Authority (2003, 2007) guidelines require proponents to assess stygofauna 
conservation status when a project may have a significant impact on their habitat. 

4.0 Potential project impacts  
Extraction of groundwater impacts on stygofauna principally via direct loss of their habitat, i.e. 
subterranean waterbodies, as a result of de-watering.  In this study, the impact of groundwater 
drawdown is likely to be small because the drawdowns are very limited, both spatially and temporally 
(Figure 4.1).  Only aquifers which showed high levels of transmissivity and recharge rates were chosen 
for production bores.  As suitable aquifers are likely to recharge quickly, a full water level recovery is 
expected soon after de-commissioning (Aquaterra, 2007).  

  
Figure 4.1.  Predicted spatial extent of groundwater drawdown cones around five bores representing 
average groundwater impact.  Drawdown is negligible >75 m from bores which equates to an impact 
area of <2 ha 
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5.0 Methodology 

5.1 Sampling effort and rationale 
A total of 42 bores were sampled along the railway corridor (Figure 5.1).  Bores were assigned as either 
impact (affected by drawdown) or reference (not affected) on the basis of water volume extracted from 
them.  Production bores that had ≥10 KL extracted were classified as impact bores and those classified 
as reference were either exploration bores (no water extracted) or productions bores that had <10 KL 
extracted (Appendix D).  Four exploration bores (WS1X4, WS1X14, WS1AX10, WS7AX2,) that were 
located within the drawdown cone of production bores with ≥10 KL of water extracted (WS1P3, WS1P4, 
WS1AP2 and WS7AP2) were classified as impact (Appendix D).  Reference bores included one mining 
exploration bore and one bore of unknown origin (abandoned - possibly pastoral) that were 
opportunistically sampled (Appendix D).  On this basis, 24 impact bores and 18 reference bores were 
sampled (see Appendix D for total water abstraction and bore co-ordinates). 

5.2 Sampling methods  
Stygofauna sampling followed the methods of the Pilbara Biological Survey (Eberhard et al 2005b).  At 
each bore, six net hauls were collected using a weighted, 50 µm plankton net.  After the net was 
lowered to the bottom of the bore it was oscillated up and down briefly to stir benthic and epibenthic 
stygofauna into the water column prior to a slow retrieve.  Contents of the net were transferred to a 
150 mL polycarbonate vial after each haul and the contents were preserved in 100 % ethanol.  Nets 
were washed between bores to minimise contamination between sites. 

5.3 Sample sorting and species identification 
In the laboratory, samples were elutriated to separate out heavy sediment particles and sieved into size 
fractions using 250, 90 and 53 µm screens.  All samples were sorted under a dissecting microscope.  
Sorted animals were identified to species or morpho-species using available keys and species 
descriptions.  Many animals were dissected and then examined under a compound microscope.  
Morpho-species determinations were based on characters used in species keys. 
 
Representative specimens of new species (material permitting) will be lodged with the Western 
Australian Museum. 

5.4 Staff 
Fieldwork in August 2008 was undertaken by Michael Scanlon and Andrew Trotter.  Samples were 
sorted by Michael Scanlon and Jim Cocking.  Identifications were done by Jane McRae (copepods, 
isopods, mites, bathynellids, polychaetes, amphipods and rotifers), Michael Scanlon (oligochaetes), Jim 
Cocking (amphipods) and Stuart Halse (ostracods). 

6.0 Results 
Stygofauna communities sampled within the FMG railway corridor showed an abundance and richness 
typically of that observed for the Pilbara (Eberhard et al 2005a), including amphipods, isopods, 
copepods, ostracods, mites, and oligochaetes (Table 6.1).  Forty-one taxa of the eight orders were 
identified, with copepods the most abundant and diverse group.  Three species of copepod known to be 
widely distributed beyond the railway corridor, Diacyclops humphreysi humphreysi, Elaphoidella 
humphreysi and Stygonitocrella trispinosa, were also found to be extensively distributed within it (Figure 
5.1, Table 6.1).  Total abundance of stygofauna was very similar between reference and impact bores,  
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Figure 5.1. Distribution of the bores sampled along the FMG rail corridor. Assignments of site-type 
(reference/impact), water use and bore co-ordinates are given in Appendix D. 
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with 25.3 (mean, n=18) and 27.5 (mean, n=24) animals per bore, respectively (Figure 6.1A).  Species 
richness was almost identical between impact and reference bores with a mean of 3.8 taxa per sample 
(Figure 6.1B).  The proportion of bores that yielded stygofauna was very similar between impact and 
reference bores at 0.96 and 0.94, respectively.  All but one of the taxa identified to species level are 
known from outside of the study area (see Table 6.1).  The one ‘restricted’ species is a previously 
unknown copepod of the genus Parastenocaris (Parastenocaris n. sp. B3), which was found in both 
impact and reference bores. 

7.0 Discussion 
Extracting groundwater primarily impacts on stygofauna communities causing temporary or permanent 
loss of habitat for the animals.  In the railway corridor the impact of abstraction is likely to be minimal 
because drawdown will be very limited, both temporally and in terms of the area affected (Figure 4.1).  
Only aquifers which showed high levels of transmissivity and recharge rates were chosen for production 
bores.  Such aquifers are likely to recharge quickly, and full recovery of groundwater levels is expected 
following the decommissioning of bores (Aquaterra, 2007).  Crucially, in the context of stygofauna 
conservation, the spatial extent of significant drawdown at all bores would have been <2 ha, using a 2 m 
drawdown as the criterion for significant impact on habitat availability.  This is a conservative criterion 
that is likely to substantially over-estimate the area of impact.  Thus, the spatial extent of impact around 
bores in the railway corridor is several orders of magnitude less than the likely range of a restricted 
stygofauna species.  To provide context, Harvey (2002) defined SREs as species with ranges <1 000 000 
ha.  The minor and temporary reduction in available habitat, resulting from groundwater drawdown for 
the construction of the FMG railway, represents no risk to any constituent stygofauna even if any 
species were SREs.  In fact, results of this study provided no evidence to suggest SREs are likely to be 
present.  
 
Stygofauna communities sampled within the FMG railway corridor showed abundance and richness 
values typical of the Pilbara (Eberhard et al 2005a), with 41 species of eight orders identified. No taxa 
identified to species level was restricted to the impact bores, with all species either being recorded in 
reference bores or known outside the study area from previous research.  The species of stygofauna 
inhabiting aquifers within the FMG rail corridor appear to be part of a broader community extending 
beyond  
 
 

  
Figure 6.1.  Comparison of stygofauna abundance and richness between control and reference sites:  A) 
mean number of stygal animals per bore; B) mean number of taxa per sample. n=24 reference and n=18 
control sites.  
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Table 6.1. Comparison of stygofauna occurance and abundance between control and reference sites. Where occurance was recorded at more than one site the 
mean abundance is given.  Where occurance was recorded at one site only, total number of animals is given.  All stygofauna taxa recorded and sites of occurance 
are tabulated.  

 
Reference Impact Site 

 Taxa 

Mean 
number of 

animals 

Number 
of 

animals 

Number 
of sites 

Mean 
number of 

animals 

Number 
of 

animals 

Number of 
sites 

Reference Impact 

Bdelloidea  
       Bdelloidea sp. 2:2 (PSW) 1  
   

10 1 
 

WS5P4 

Tubificida 
        Phreodrilid with dissimilar 

ventral chaetae (PSS)1  
1 1 5.3 

 
4 WS13P3 

WS12P3, WS5P4, WS8P1, 
WS13P5 

Monopylephorus n. sp. WA29 
(PSS)1    

1 
 

2 
 

WS11P3, WS13P5 

Enchytraeus Pilbara sp. 1 
(PSS)1  

8 1 3.3 
 

4 WS1X12 
WS3P3, WS1X4, WS7AX2, 
WS15P1 

Enchytraeidae 
 

1 1 
   

WS9AX4 
 Aciculata 

        Nereidae 
    

1 1 
 

WS11P2 

Acariformes 
        Guineaxonopsis sp. S1 (PSS)1 
    

6 1 
 

WS15P1 

Tiramideopsis sp. P1 (PSW)1 
 

1 1 
   

WS12P1 
 

Oribatida 
   

2.3 
 

4 
 

WS1X14, WS8P1, WS3P1, 
WS7AX2 

Ostracoda 
        Meridiescandona lucerna 

(PSS)1     
4 1 

 
WS6P2 

Areacandona yuleae (PSS)1 
    

1 1 
 

WS2P2 
Areacandona akatalelle 
(PSS)1  13 1 7 

 
3 WS12P1 WS3P1, WS5P3, WS15P1 

Areacandona cf. Korallion 
(PSS)1 1 

 
2 

   
WS4P3, WS5P2  

Kencandona harleyi (PSS)1 
 

1 1 
 

11 1 CB0200  WS15P1 

Candonidae 
    

2 1 
 

WS3P1 

Ostracoda 1.5 
 

2 
   

WS12P2, WS11P1  
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Reference Impact Site 

 Taxa 

Mean 
number of 

animals 

Number 
of 

animals 

Number 
of sites 

Mean 
number of 

animals 

Number 
of 

animals 

Number of 
sites 

Reference Impact 

Copepoda 
        Goniocyclops sP. B32 
    

6 1 
 

WS12P3 

Diacyclops sp. 
 

1 1 
 

1 1 WS11P1 WS10P2 

Diacyclops humphreysi 
humphreysi3 

17 
 

10 12.3 
 

14 

WS8P5, WS13P3, WS2X14, 
WS5P2, WS9AX4, WS9AX7, 
WS12P1, WS4P3, WS4X10, 
WS15P3 

WS15P1, WS9P2, WS5P4, 
WS9AP1, WS7AX2, WS1X4, 
WS2P3, WS2P2, WS5P3, WS6P1, 
WS11P3, WS3P1, WS1AX10, 
WS4P1 

Diacyclops scanloni3 11 
 

2 8 
 

2 WS2X14, WS4X10 WS8P1, WS1AX10 
Diacycops sp. B1 = Diacyclops 
sp 4 (PSS)1 

 
3 1 1 

 
3 CWS1X4 WS2P3, WS2P2, WS3P1 

Cyclopoida  1 1 
   

WS12P2 
 

Elaphoidella humphreysi3 8.8 
 

9 14.4 
 

12 
WS13P3, WS2X14, WS5P2, 
WS9AX4, WS9AX7, CWS2P1, 
WS12P1, WS4P3, WS15P3 

WS13P4, WS12P3, WS15P1, 
WS8P1, WS9P2, WS5P4, WS10P2, 
WS7AX2, WS5P3, WS11P3, 
WS9AP1, WS4P1 

Stygonitocrella trispinosa3 10 
 

8 11.3 
 

12 
CWS1X4, WS13P3, WS2X14, 
CWS1P1, WS5P2, WS4P3, 
WS1X12, WS4X10 

WS6P2, WS9P2, WS1X14, 
WS7AX2, WS1X4, WS2P3, 
WS2P2, WS6P1, WS11P3, 
WS13P4, WS3P1, WS1AX10 

Parastenocaris sp. 
 

1 1 
   

WS1X12 
 Parastenocaris n. sp. B34 

 
1 1 5 

 
3 WS15P3 WS15P1, WS8P1, WS12P3 

Parastenocaris jane3 1.5 
 

4 
   

CWS1P1, WS5P2, CWS1X4, 
WS4P3 

 

Harpacticoida sp. 2 
 

2 
   

WS12P2, WS11P1  

Syncarida 
        Notobathynella sp. 
   

1 
 

3 
 

WS5P3, WS8P1, WS15P1 

Chilibathynella sp. 
 

3 1 
   

WS11P1 
 Atopobathynella sp. 

    
3 1 

 
WS15P1 

Amphipoda 
        

Paramelitidae  
  

1.2 
 

5 
 

WS8P1, WS5P3, WS6P1, WS15P1, 
WS2P3 

Paramelitidae sp. 2 (PSS)1 
 

1 1 
 

2 1 WS13P3 WS15P1 



Bennelongia Pty Ltd  Rail Compliance 690 

9 
 

 
Reference Impact Site 

 Taxa 

Mean 
number of 

animals 

Number 
of 

animals 

Number 
of sites 

Mean 
number of 

animals 

Number 
of 

animals 

Number of 
sites 

Reference Impact 

Paramelitidae sp. 6 (PSS)1 
 

1 1 
   

WS9AX7 
 Nedsia nr hurlberti (PSS)1 

 
3 1 1.5 

 
2 WS2X14 WS1AX10, WS2P3 

Nedsia sp.  15 1 
 

8 1 WS2X14 WS1AX10 

Melitidae sp. 1 (PSS)1 1 
 

2 
   

CWS1P1, WS2X14 
 Bogidiellidae 1 

 
2 

   
WS4X10, WS5P2  

Bogidiellidae sp. 1 (PSS)1 
 

2 1 
   

WS13P3 
 Amphipoda 3.5 

 
2 

   
CWS2P1, WS5P2  

Isopoda 
        

Microcerberidae 2 
 

7 3 
 

4 
WS4X10, WS5P2, WS12P1, 
CWS1X4, WS4P3, WS2X14, 
WS9AX4 

WS10P2, WS1AX10, WS3P1, 
WS15P1 

1 Terminology used in Pilbara Biological Survey (Halse et al. in prep.), 2Known to occur outside of this study site (Dr T. Karanovic pers. comm.). 3Karanovic 2006, 4New species
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the corridor.  Within the surveyed area, a number of species were very widespread, suggesting 
connectivity of habitat enable dispersals by many, if not all, species.  This was clearly indicated by the 
most abundant and diverse order, the copepods.  Copepods species previously known to be wide-
ranging were found broadly distributed within the study site, i.e. Diacyclops humphreysi humphreysi, 

Elaphoidella humphreysi and Stygonitocrella trispinosa (Table 6.1). 
 
One previously unknown species of copepod was identified during the study, Parastenocaris n. sp. B3.  
In a survey of this size, it is not unexpected to discover new species because the Pilbara is estimated to 
have between 500 and 550 species of stygofauna, of which only about 350 species were recorded by 
2006 (Eberhard et al 2008). Parastenocaris n. sp. B3 does not appear to have a tightly restricted range 
and it was found in impact and reference bores that are approximately 100 km apart (WS8 and WS15: 
Appendix B,C,D).  Few subterranean copepods have restricted ranges (Karanovic 2004) and the 
described Parastenocaris from the Pilbara, P. jane, occurs throughout the region.  It can be concluded 
that while Parastenocaris n. sp. B3 is currently unknown outside the railway corridor, it is unlikely to 
have a highly restricted range. 

8.0 Conclusion 
Groundwater drawdown for construction of the FMG railway has had no detectable effect on 
stygofaunal species abundance or diversity at the bores from which water has been drawn.  This is in 
accordance with expectation because groundwater modelling showed that groundwater drawdown 
would be spatially restricted and temporary. 
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9.0 Appendices  
Appendix A. Locations of water sources WS1 to WS6 including CWS1 and Ballast Siding. Source: 
Aquaterra 2007. 
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Appendix B. Locations of water sources WS7 to WS11. Source: Aquaterra 2007. 
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Appendix C. Locations of water sources WS11 to WS16. Source: Aquaterra 2007. 
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Appendix D. Bores codes, total water use, site type assignment and bore co-ordinates.  

Bore codes  Total water use (kL)  Site type Latitude Longitude 
CB0200 0 Reference -22.315 119.3686 

CWS1P1 6 Reference -21.089 118.7403 

CWS1X4 0 Reference -21.0912 118.7284 

CWS2P1 0 Reference -21.9301 119.0022 

WS10P1 206033 Impact -21.7081 118.8661 

WS10P2 257942 Impact -21.7075 118.8644 

WS11P1 0 Reference -21.8158 118.9193 

WS11P2 66747 Impact -21.816 118.9175 

WS11P3 101013 Impact -21.817 118.916 

WS12P1 0 Reference -21.8596 118.9568 

WS12P2 0 Reference -21.8609 118.9559 

WS12P3 220964 Impact -21.8906 118.9598 

WS13P3 0 Reference -21.9468 119.0469 

WS13P4 111970 Impact -21.9506 119.0478 

WS13P5 18788 Impact -21.9431 119.0462 

WS15P1 31002 Impact -22.1612 119.2678 

WS15P3 8 Reference -22.1615 119.2681 

WS1AX10 (WS1AP2)* 5092 Impact -20.5733 118.5862 

WS1UNK01 0 Reference -20.4596 118.59 

WS1X12 0 Reference -20.4733 118.5923 

WS1X14 (WS1P4)* 6872 Impact -20.4756 118.5912 

WS1X4 (WS1P3)* 133799 Impact -20.4584 118.5868 

WS2P2 61565 Impact -20.6816 118.5946 

WS2P3 101465 Impact -20.8035 118.5931 

WS2X14 0 Reference -20.6622 118.5849 

WS3P1 21821 Impact -20.8038 118.6618 

WS3P3 6217 Impact -20.8035 118.6582 

WS4P1 165118 Impact -20.8914 118.6777 

WS4P3 0 Reference -20.8898 118.678 

WS4X10 0 Reference -20.8865 118.6694 

WS5P2 0 Reference -20.9787 118.6915 

WS5P3 11944 Impact -21.0533 118.7098 

WS5P4 158702 Impact -21.0529 118.7068 

WS6P1 78099 Impact -21.0853 118.7175 

WS6P2 37005 Impact -21.0917 118.7207 

WS7AX2 (WS7AP2)* 115848 Impact -21.1823 118.7632 

WS8P1 115105 Impact -21.4047 118.8781 

WS8P5 0 Reference -21.3726 118.8578 

WS9AP1 176332 Impact -21.4938 118.8938 

WS9AX4 0 Reference -21.4976 118.8985 
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Bore codes  Total water use (kL)  Site type Latitude Longitude 
WS9AX7 0 Reference -21.5196 118.9004 

WS9P2 134095 Impact -21.5764 118.9034 
*Exploration bores (denoted by x in bore code) followed by a second bore code in parenthesis (production bore) were assigned 
as impact as they were in the drawdown cones of a production bore that had ≥10 kL of water extracted. 
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