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EXECUTIVE SUMMARY 

FerrAus Limited (FerrAus) holds an exploration licence for Robertson Range, which is 
located approximately 100 km south east of Newman near the Jigalong Aboriginal 
Community.  FerrAus contracted ecologia Environment (ecologia) to conduct a biological 
survey to identify and describe stygofauna which may inhabit subterranean habitats in the 
Robertson Range impact area. 

Stygofauna are species that are restricted to subterranean habitats but live within 
groundwater aquifers.  A species is considered truly stygobitic if it displays morphological 
characters that appear to restrict it entirely to a subterranean habitat.  These characteristics 
include a significant reduction or complete loss of eyes, pigmentation and a circadian 
rhythm (24-hour biological cycle) as well as development of elongated appendages, 
slender body form and a lower metabolic rate.  

The presence of porous rock and groundwater within the Robertson Range was identified 
as having the potential to support stygofauna, which may be impacted upon by future 
mining activities.  A survey was designed to sample areas both inside and outside the 
Project footprint (i.e. the footprint area does not include a potential draw-down effect 
footprint from dewatering activities) over three phases of sampling.  Exploration drill holes 
(bores) at Robertson Range were sampled using stygofauna nets. 

Stygofauna sampling produced few invertebrate specimens, including springtails, mayflies 
and amphipods, however only the amphipods were identified as being truly stygobitic.  
Owing to a lack of taxonomic research and poor sampling in remote areas, it is very likely 
that the stygobitic amphipods at Robertson Range represent undescribed species.  The 
high levels of endemicity (i.e. restricted to the ‘local’ habitable void and aquifer systems) 
observed in similar species of stygofauna at other sites suggests that the Robertson Range 
species also have the potential to be locally restricted species.  

Eight specimens were collected from five sites that ranged from the south to the north-east 
of the tenement.  However, geographic distribution of the species within the range could 
not be inferred due to too few individuals collected and a lack of data further away from the 
project area.  Further sampling is, therefore, recommended at Robertson Range and close 
regional areas beyond the boundary of the potential dewatering draw down footprint. 
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1.0 INTRODUCTION 

FerrAus Limited (FerrAus) proposes to conduct mining operations at its Robertson Range 
iron ore project area (the Project), approximately 100 km south-east of Newman near the 
Jigalong Aboriginal Community.  The area is covered by tenement M 52/1034 (Figure 1-1) 
and encompasses approximately 9.5 km2 of land.   

ecologia Environment (ecologia) was approached to manage the environmental approvals 
for FerrAus.  The approvals process requires documentation of any stygofauna that may be 
present within the project area to enable a prediction of potential impacts.  The presence of 
ground water at the Robertson Range resource indicated that there is potential for 
stygofauna to occur.  

The purpose of the survey was to: 

• Provide information, suitable for inclusion in a Mining Proposal document, on the 
presence/absence of stygofauna in the immediate project area. 

The scope of this work encompassed the following areas: 

• The preparation of survey methods compliant with WA Department of Environment 
and Conservation (DEC) requirements and EPA guidance statements, and 
assistance with obtaining approval of the proposed methods from appropriate 
authorities. 

• The conduction of a stygofauna survey, with particular focus on the disturbance 
footprint. 

• In the event that stygofauna was present, the preparation of a habitat map for the 
proposed site (approximately 10 km2), assisted by satellite imagery will be provided 
by the client. 

Projects undertaken as part of the Environmental Impact Assessment (EIA) process are 
required to address guidelines produced by the EPA, in this case Guidance Statement 54: 
Consideration of Subterranean Fauna in Groundwater and Caves during EIA in Western 
Australia, Guidance statement 54a:  Sampling Methods and Survey Considerations for 
Subterranean Fauna in Western Australia (EPA 2003) and principles outlined in the EPA’s 
Position Statement No. 3: Terrestrial Biological Surveys as an element of Biodiversity 
Protection (EPA 2002). 

Native fauna and flora in Western Australia are protected at a federal level under the 
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) and at a state 
level under the Wildlife Conservation Act 1950 (WC Act). 

The EPA’s objectives with regards to flora and fauna management are to: 

• maintain the abundance, species diversity and geographical distribution of 
terrestrial flora and fauna; and 

• identify and protect significant fauna, flora and vegetation biodiversity, consistent 
with the provisions of the Wildlife Conservation Act 1950. 
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Figure 1-1 Robertson Range Project Area 
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1.1 LEGISLATIVE FRAMEWORK 
Subterranean fauna are protected at a state level under the Wildlife Protection Act 1950 
(WP Act) and their environment is protected under the Environmental Protection Act 1986 
(EP Act).  The WC Act was developed to provide for the conservation and protection of 
wildlife in Western Australia.  Under Section 14 of this Act, all fauna and flora within 
Western Australia is protected; however, the Minister may, via a notice published in the 
Government Gazette, declare a list of fauna taxa identified as likely to become extinct, or is 
rare, or otherwise in need of special protection.  The current listing was gazetted on the 1st 
of December 2006. 

A Guidance Statement has been developed specifically to advise the public about the 
minimum requirements for environmental management with respect to subterranean fauna.  
EPA Guidance Statement 54: Consideration of Subterranean Fauna in Groundwater and 
Caves during Environmental Impact Assessment in Western Australia 2003 states that: 

“Proposals that, if implemented, could potentially have a significant impact on stygofaunal 
habitat by: 

• lowering the water table sufficiently to dry out the zone in which some species live, 
or otherwise artificially changing water tables; or 

• changing water quality (e.g. increasing salinity levels or altering haloclines, 
increasing nutrient levels or the availability of organic matter, or introducing other 
pollutants); or 

• destroying or damaging caves (including changing their air temperatures and 
humidity).  

will be subject to formal EIA (Environmental Impact Assessment) under the EP Act.”   

The EP Act is “an Act to provide for an Environmental Protection Authority, for the 
prevention, control and abatement of environmental pollution, for the conservation, 
preservation, protection, enhancement and management of the environment and for 
matters incidental to or connected with the foregoing.”  Section 4a of this Act outlines five 
principles that are required to be addressed to ensure that the objectives of the Act are 
addressed.  Three of these principles are relevant to native fauna and flora: 

• The Precautionary Principle 

Where there are threats of serious or irreversible damage, lack of full scientific 
certainty should not be used as a reason for postponing measures to prevent 
environmental degradation. 

• The Principles of Intergenerational Equity 

The present generation should ensure that the health, diversity and productivity of 
the environment is maintained or enhanced for the benefit of future generations. 

• The Principle of the Conservation of Biological Diversity and Ecological Integrity 

Conservation of biological diversity and ecological integrity should be a fundamental 
consideration. 

As already mentioned in the Introduction, projects undertaken as part of the Environmental 
Impact Assessment (EIA) process are required to address guidelines produced by the 
EPA, in this case Guidance Statement 56: Terrestrial Fauna Surveys for Environmental 
Impact in Western Australia (EPA 2004) and Guidance Statement 54:  Consideration of 
Subterranean Fauna in Groundwater and Caves during Environmental Impact Assessment 
in Western Australia (EPA 2003).  

Stygofauna in Western Australia are also protected at a federal level under the 
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).  The EPBC 



 
Robertson Range 

   Stygofauna Assessment 

 

 

4

Act was developed to provide for the protection of the environment, especially those 
aspects of the environment that are matters of national environmental significance, to 
promote ecologically sustainable development through the conservation and ecologically 
sustainable use of natural resources; and to promote the conservation of biodiversity.   

The EPBC Act includes provisions to protect native species (and in particular prevent the 
extinction, and promote the recovery, of threatened species) and ensures the conservation 
of migratory species.  In addition to the principles outlined in Section 4a of the EP Act, 
Section 3a of the EPBC Act includes a principle of ecologically sustainable development 
dictating that decision-making processes should effectively integrate both long-term and 
short-term economic, environmental, social and equitable considerations. 

1.2 AIMS AND OBJECTIVES 
FerrAus commissioned ecologia to undertake a baseline biological survey of the aquatic 
subterranean invertebrate fauna (stygofauna) of the Project study area as part of the 
environmental impact assessment for the project.   

The objectives of this survey were to undertake a survey that satisfies the requirements 
documented in EPA’s Guidance Statement 54 and Position Statement No. 3, thus 
providing: 

• A review of background information (including literature and database searches). 

• An inventory of stygofauna species occurring in the study area, incorporating recent 
published and unpublished records. 

• An inventory of species of biological and conservation significance recorded or 
likely to occur within the project area and surrounds. 

• A review of regional and biogeographical significance, including the conservation 
status of species recorded in the project area. 

• A risk assessment to determine likely impacts of threatening processes on 
stygofauna within the study area. 

The primary aim of the survey was to determine the presence or absence of stygofauna in 
the area.  In the event that stygofauna were found to be present, the second aim was to 
define the diversity and distribution of species and if present, to formulate strategies to 
ensure the protection of those species through appropriate strategies. 
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2.0 THE STUDY AREA 

2.1 CLIMATE 
The Robertson Range exploration area is situated in the north east corner of the Gascoyne 
region of Western Australia and experiences an arid-tropical climate with two distinct 
seasons; a hot summer from October to April and a mild winter from May to September.  
Annual evaporation exceeds rainfall by as much as 500 mm per year.  Seasonally low but 
unreliable rainfall, together with high temperatures and high diurnal temperature variations, 
are also characteristic climatic features of the region.  In the past this region has 
experienced extended periods without rain, which is typical of an arid climate (Beard 1975). 

Maximum temperatures in the region are high and the temperature range is large.  Summer 
temperatures may reach as high as 49°C, with a mean maximum of 30°C.  Winter 
temperatures have a mean maximum of 23°C (ranging from 14–35°C).  Light frosts 
occasionally occur during July and August.  The general climate experienced throughout 
the year is usually very dry, as both high temperatures and humidity seldom occur 
simultaneously. 

Rainfall in the region is highly unpredictable and recordings are highest at stations around 
the Hamersley Ranges, which lie in the Pilbara Region to the north at altitudes of up to 
900 m (Beard 1975).  Annual rainfall has a 'bimodal' distribution, resulting in two rainfall 
maxima per year.  From January to March, tropical storms penetrate the region from the 
north which produces sporadic and drenching thunderstorms.  Tropical cyclones moving 
south from north Australian waters can also bring heavy rains.  From May to June 
extensive cold fronts move easterly across the state and occasionally reach the region.  
These fronts produce only light winter rains. Surface water can be found in some pools and 
springs all year round, although watercourses only flow briefly due to the short wet season. 
The vegetation within the region is arid adapted and dominated by Acacia and spinifex 
species. 

Within the study region, meteorological data has been recorded at the Bureau of 
Meteorology (BOM) weather station at Newman.  This BOM weather station is located 
approximately 100 km north-west of the Robertson Range exploration site, providing an 
indication of climatic conditions experienced within the project area (Figure 2-1). 

Mean annual maximum and minimum temperatures for Newman are 31.3°C and 17.3°C 
respectively.  Mean monthly maxima range from 38.8°C during January to 22.2°C in July, 
while mean monthly minima range from 25.3°C in January to 8.0°C in July. 

The calculated average annual rainfall is 310.3 mm, occurring over 45 rain days.  It loosely 
follows the typical Pilbara and Gascoyne bimodal distribution pattern, with a peak between 
December and March and a smaller peak in May and June.  Most of the rainfall occurs in 
the summer period, with over 55% of total annual precipitation falling between December 
and March. During the sampling period, a Phase 1 occurred during a period of less than 
average rainfall while Phase 2 and Phase 3 occurred after high rainfall events in the area. 
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Figure 2-1  Summary of Climatic Data from Newman (Bureau of Meteorology, 2007) 

2.2 GEOLOGY 
The geology of the region around the project area has been mapped and described in 
detail by Williams and Tyler (1991).  Five geological substrates were identified (Table 2-1).  

The FerrAus tenement is located on a faulted inlier of the Hamersley Group, 9 km west-
southwest of Jigalong (Williams and Tyler 1991).  The Hamersley Group inlier is dominated 
by banded iron-formation, which crops the eastern margin of the large Sylvania Inlier and 
unconformably overlies Archaean granite-greenstone. 

The Marra Mamba Iron Formation featured in the project area is composed of chert, iron 
formation and shale.  Surrounding this formation are extensive areas of Cainozoic 
sediment deposits of colluvium, alluvium and quaternary eolian sand.  There are also large 
areas of Archaean granitoid rocks, undifferentiated and deeply weathered. 

East of the project area, the Robertson Range forms a prominent north-north easterly 
trending sandstone scarp up to 90 m high.  These Ranges are part of the Coondra 
Formation of the Savory Group.  A belt of low hills to the west of the project area (less than 
150 m ASL) are part of the Archean Formation and are composed of metagranite and 
metagranodionte (Williams and Tyler 1991). 

2.3 LAND SYSTEM CLASSIFICATION 
An inventory of the land systems occurring in the Gascoyne was completed by Van 
Vreeswyk et al. (2004).  The Robertson Range project area lies in the Jigalong Aboriginal 
Reserve.  There are several land systems in the area (Table 2-2) dominated by the Divide 
and Jaminide land systems, which form the sandplains and stony hardpan plains.  Each 
land system is classified into a particular Land Type defined by the landforms and 
vegetation it contains.  The Newman System contains iron ore deposits which are of 
current and future mining interest (Vreeswyk et al. 2004). 

6
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Table 2-1 Geology of the Robertson Range Project Area 

# Composition Location in survey 
area 

Approximate 
% in survey 

area 

1 Eolian sand; in sheets, longitudinal, 
chain and net dunes. Southern flat area 93 

2 Marra Mamba Formation; Chert, 
ferruginous chert and minor shale. 

Raised, rocky northern 
section 3 

3 
Scree talus slope deposits - Colluvium 
and minor alluvium; Quartz pebble and 
rock fragments in silt and sand.  

Adjacent to the Marra 
Mamba Formation 2 

4 
Lateritic sands, with a ferruginous hard 
crust, massive, nodular, pebbly and 
pisolitic. 

One small area towards 
the south 1 

5 Quartz veins. Adjacent to the Marra 
Mamba Formation 1 

Table 2-2 Land Systems Occurring within the Robertson Range Project Area 

Land Type Land 
System 

% of 
Bioregion Description 

11. Sandplains with 
spinifex grasslands 

Divide 

(Div) 
2.9 

Sandplains and occasional dunes 
supporting shrubby hard spinifex 
grasslands. 

12. Washplains or 
hardpan with groved 
mulga shrublands 

Jamindie 

(Jam) 
1.1 

Stony hardpan plains and rises supporting 
groved mulga shrublands, occasionally with 
spinifex understorey.  

1. Hills and ranges 
with spinifex 
grasslands 

Newman 

(New) 
8.0 

Rugged jaspilite plateaus, ridges and 
mountains supporting hard spinifex 
grassland. 

7. Stony plains and 
low hills with acacia 
shrublands 

Prairie 

(Pra) 
0.7 

Gently undulating stony plains and granite 
hills supporting acacia-eremophila-cassia 
shrublands and minor soft spinifex 
grasslands 
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2.4 SOILS 
The soils of the project area have been determined as part of the Land System 
Classification, detailed by Van Vreeswyk et al. (2004).  They range from red deep sands 
and red sandy earths seen in the Divide Land System, to stony soils with red shallow loams 
or sands, on the higher slopes, and stony soils with red loamy earths, on the lower slopes, 
seen in the Newman Land System. 

2.5 BIOGEOGRAPHIC REGION  
The Project area lies within the Gascoyne near the boundary of the Pilbara biogeographic 
region (Table 2-2), as defined by the Interim Biogeographic Regionalisation for Australia 
(IBRA) (Thackway and Cresswell 1995).  Bioregions are defined on the basis of climate, 
geology, landform, vegetation and fauna (Figure 2-2). 

Robertson Range is located in the GAS3 (Augustus) subregion and the transition to the 
PIL2 (Fortescue Plains) subregion occurs just to the north.  The GAS3 region contains 
rugged, low, Proterozoic sedimentary and granite ranges divided by broad flat valleys, as 
well as the headwaters of the Ashburton and Fortescue Rivers (Thackway and Cresswell 
1995).  There are extensive areas of alluvial valley-fill deposits.  Mulga woodland and 
Triodia occur on shallow stony loams of rises, while the shallow earthy loams over hardpan 
on the plains are covered by Mulga parkland (Desmond and Chant 2001)   

In the Gascoyne the typical vegetation types are:  

• Mulga (Acacia aneura) woodlands on Triodia occurring on shallow stony loams on 
rises and; 

• Mulga parkland covering the shallow earthy loams and hardpans of the plain 
(Desmond and Chant 2001).  

The plain vegetation of the survey areas is more typical of the eastern section of the 
Pilbara Fortescue Plains subregion which is characterised by scattered Eucalyptus 
gammophylla, over hard spinifex.  This region forms the northern limit of Mulga (Acacia 
aneura), typical of the Gascoyne region, which is not a dominant vegetation variety in the 
survey area. 



 
Robertson Range 

   Stygofauna Assessment 

 

 
Figure 2-2  Location of the Robertson Range Survey Area Relative to the IBRA Bioregions 
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2.6 LITERATURE REVIEW 
The term “Stygo” was derived from the underground River Styx in Greek and Roman 
mythology and it means adapted to living underground.  Stygofauna are obligate, 
groundwater dwelling fauna known to be present in the groundwater associated with a 
variety of rock types including karst limestone, fissured rock (e.g. granite) and porous rock 
(e.g. alluvium) (Mamonier et al. 1993).   

Aquifers have been classified into three types by Johnson and Wright (2001): 

1. unconsolidated sedimentary aquifers,  

2. chemically-deposited aquifers; and  

3. fractured rock aquifers.  

Unconsolidated sedimentary aquifers comprise Cainozoic valley and coastal plain alluvium 
and colluvium, whilst chemically deposited aquifers consist of calcrete or pisolitic limonite 
formed within valley-fill sequences.  Fractured rock aquifers occur in Proterozoic and 
Archaean sedimentary and volcanic rocks, including dolomite, sandstone, shale, chert, 
banded-iron stone formation and basalt (Eberhard et al. 2005). 

Stygofauna are adapted for a subterranean aquatic environment.  This environment has 
little or no light, may have restricted available space (i.e. porous or fissured rock) and 
relatively constant temperature.  Stygofauna species have evolved unique features within 
this habitat such as a lack of pigmentation, elongated appendages, filiform body shape 
(worm like) and reduced or absent eyes.  Many species are believed to be relict taxa with 
affinities with Tethys, Pangea and its derived landmasses (Humphreys 1993; Knott 1993; 
Humphreys 1999, 2001). 

The presence of stygofauna in Western Australia has been well documented, especially 
from regions such as the Pilbara and Kimberley, and less so in the Midwest and 
Southwestern regions of Western Australia (De Laurentiis et al. 2001; Humphreys 2001; 
Wilson and Keable 2002; Eberhard et al. 2004; Karanovic 2004; Cho et al. 2005). 

 Australian stygofauna is dominated by crustaceans including Amphipoda (Bradbury and 
Eberhard 2000), Isopoda (Wilson and Keable 2002), Ostracoda (Karanovic and Marmonier 
2002; Martens and Rossetti 2002; Karanovic and Marmonier 2003; Karanovic 2005), 
Speleogriphacea (Poore and Humphreys 2003) and Copepoda (Karanovic 2004).  

No studies examining the distribution and abundance of stygofauna have been conducted 
in Robertson Range to date.   

2.7 REGIONAL CONTEXT 
The major land systems in close proximity to the Robertson Range mine site are the 
Robertson Range, Pindar and Noolagabbi land systems.  Small amounts of the Morawa 
and Mount Nunn land systems also occur in the area (Rogers 1996). 

The Robertson Range land system comprises the Robertson Range Hills, a range of rolling 
to very steep low hills with gently inclined foot slopes, which have been extensively cleared 
for agriculture.  The system is characterised by a complex of Archaean and Proterozoic 
rocks. Soils are rocky or stony and commonly shallow, grading to red gravely loams. 

The Pindar Land System is associated with the gently undulating sandplain with long gentle 
slopes that surround the Robertson Range Hills.  This system has been even more 
extensively cleared for agriculture than the Robertson Range Land System, primarily for 
cropping and grazing.  Soils are moderate to deep acidic sands with areas of gradational 
sands on ferruginous gravel and gritty sands on gravel.  

The Noolagabbi land system is extensive level to very gently inclined flats and lower slopes 
found at the base of broad valleys.  Extensively cleared for agriculture, the Noolagabbi 
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system comprises quaternary alluvial and colluvial material forming valley infill on broad 
mature valleys often associated with saline drainage networks.  Soils are relict red sands, 
loams and clays over a red-brown hardpan. 

2.8 LAND USE HISTORY 
Mineral exploration in the Pilbara began in 1888 when gold was found in the Pilbara Creek, 
and although this did not prove productive, more consistent deposits were subsequently 
discovered at Marble Bar.  Tin was discovered in 1899 and manganese and asbestos have 
also since been mined in the Pilbara.  Massive iron-ore deposits were discovered, with 
exploration expanding immensely in the 1960s when the Commonwealth embargo on 
exporting iron-ore was relaxed (Beard 1975).  Subsequently, the construction of several 
mining towns, including Newman, was undertaken.   

Newman was developed in the early 1970s to provide accommodation for workers at the 
Mt. Whaleback iron-ore mine.  Ports, such as Port Hedland and Dampier, and standard 
gauge railways from Mt. Tom Price and Paraburdoo to Dampier, Pannawonica to Cape 
Lambert, and Mt. Goldsworthy and Mt. Newman to Port Hedland, were also constructed.  
The development of the iron ore industry has resulted in activity within the Pilbara 
increasing from cattle and sheep stations and small coastal ports to a large mining 
economic base with a commensurate increase in population.  

Tourism is a smaller but rapidly developing industry within the region.  The nearest 
conservation reserve to Robertson Range is Karijini National Park, which is located 
approximately 220 km to the west.  

The area currently supports high levels of mining activity in the wider area of the Robertson 
Range exploration area.  The nearest active mines are at Wheelarra Hill, Jimblebar, and 
Hashimoto. 
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3.0 SURVEY DESIGN 

3.1 SITE SELECTION 
A number of bores were examined as potential sites for stygofauna sampling and 30 were 
selected and sampled over three rounds, achieving a total sample size of 50 (Table 3-1 
and Table 3-2).  The bores were selected because they were accessible and were 
sufficiently deep.  Bores occurred both within and outside the Project ground footprint (i.e. 
the footprint area does not include a potential draw-down effect footprint from dewatering 
activities). 

3.2 SURVEY TIMING 
Phase 1:  24 September 2007 

Phase 2:  11 January 2008 

Phase 3: 5 March 2008 

3.3 SURVEY METHODS 
The survey methods adopted by ecologia have been developed in consultation with the 
Department of Environment and Conservation (DEC) and incorporates the proposed 
methodology by the Environmental Protection Authority’s Guidance Statement No. 54a: 
Sampling Methods and Survey Considerations for Subterranean Fauna in Western 
Australia (EPA 2004).  

The survey was conducted with systematic sampling of bores, which took place in three 
stages:   

1. The physical parameters of the bore were described:  

• bore location, using a Global Positioning System (GPS) 

• the construction material of each bore (e.g. PVC, steel) 

• the bore diameter (mm)  

2. Water chemistry measurements were gathered using a 90 FL multi-parameter 
meter.  The standing water level of each bore was obtained using a Solinst water 
level meter.  All water samples for measurement were obtained using sterile one-
use bailers. 

The following parameters were measured in each of the bores from samples taken 
from approximately 30cm below the standing water level: 

• Water temperature [°C]; 

• pH; 

• Conductivity [mS/cm]; 

• Total Dissolved Salts (TDS) [ppK]; 

• Oxidation Reduction Potential (ORP) [mV]; and 

• Dissolved Oxygen (DO) [ppM and % Saturation]  

3. Stygofauna sampling followed those methods recommended by the Department of 
Environment and Conservation (DEC).  The entire water column was dragged for 
stygofauna a total of six times; three times using a 150 µm net and a further three 
times using a 50 µm net.   
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The specific methods were as following: 

• An appropriate net diameter was chosen (most commonly 47 mm). 

• The net was slowly lowered into the bore until it hit the bottom.  Care was 
taken not to let the net free fall. 

• Once the net had reached the bottom of the bore, it was gently raised and 
lowered approximately 1 m, six times, to stir up the sediments at the bottom. 

• The net was then slowly pulled up through the water column (<1 m/sec). 

• Once the net was at the surface, it was immediately placed in a 50 µm 
Endicott sieve.  The vial was removed from the net and all contents washed 
into the sieve using deionised water.  The net was thoroughly rinsed over 
the sieve. 

• The sieve contents were then washed into one corner and transferred into 
120 mL preservation vials using absolute ethanol (100%). 

• Each vial was labelled with the date and bore name. 

• After dragging the water column six times, all equipment was placed into a 
25 L tub containing Decon90® for sterilisation to prevent cross-
contamination of sites. 

• Stygofauna samples were kept on ice in the field and in a dark location 
before transportation to Perth; once in Perth, they were stored out of direct 
sunlight.  Sample sorting was completed at ecologia’s Perth laboratory. 

3.4 CURATION AND SPECIES IDENTIFICATION 
Stygofauna specimens were filtered from water samples in the field using a 53 µm sieve 
and placed directly into 100% ethanol to ensure that the material could potentially be used 
for genetic analyses.   

Each specimen was labelled with the date, site, GPS coordinates and the name of the 
collector(s).   

Specimens were identified to class and order level by ecologia scientists before being 
submitted to relevant UWA experts or the WA Museum.  
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Table 3-1 Bores Sampled During Phase 1 

Map ID Hole ID Easting Northing ecologia ID
49 RRRC049 261540.2 7393262.6 S10
74 RRRC074 261538.8 7392961.5 S5
88 RRRC088 261889.3 7394153.7 S8

103 RRRC103 261892.1 7394309.3 S17
108 RRRC108 261690.9 7394209.0 S19
114 RRRC114 261691.8 7393911.5 S16
132 RRRC132 261841.0 7393911.4 S11
135 RRRC135 261641.8 7392861.1 S2
180 RRRC180 261888.5 7394010.5 S12
183 RRRC183 261888.6 7393860.8 S14
196 RRRC196 261737.1 7393811.8 S13
202 RRRC202 261688.9 7394060.8 S18
215 RRRC215 261639.4 7393806.7 S15
224 RRRC224 261591.1 7393656.1 S9
225 RRRC225 261538.3 7394212.7 S20
235 RRRC235 261590.5 7393208.3 S7
238 RRRC238 261591.5 7392858.6 S4
246 RRRC246 261538.7 7392549.5 S3
250 RRRC250 261439.1 7392659.0 S6
251 RRRC251 261437.2 7392552.9 S1  

Table 3-2  Bores Sampled During Phase 2 and Phase 3 

Map ID Hole ID Easting Northing ecologia ID
36 RRRC036 261541.6 7394311.3 S50
49 RRRC049 261540.2 7393262.6 S37
74 RRRC074 261538.8 7392961.5 S26
80 RRRC080 261642.6 7394359.1 S48
88 RRRC088 261889.3 7394153.7 S35
95 RRRC095 261841.7 7393762.1 S34

103 RRRC103 261892.1 7394309.3 S44
108 RRRC108 261690.9 7394209.0 S47
114 RRRC114 261691.8 7393911.5 S43
125 RRRC125 261589.1 7394109.7 S46
132 RRRC132 261841.0 7393911.4 S38
135 RRRC135 261641.8 7392861.1 S22
140 RRRC140 261590.1 7393111.5 S30
157 RRRC157 261689.6 7393307.3 S28
180 RRRC180 261888.5 7394010.5 S39
183 RRRC183 261888.6 7393860.8 S41
185 RRRC185 261890.2 7393660.8 S32
193 RRRC193 261787.9 7393661.5 S33
196 RRRC196 261737.1 7393811.8 S40
202 RRRC202 261688.9 7394060.8 S45
215 RRRC215 261639.4 7393806.7 S42
224 RRRC224 261591.1 7393656.1 S36
225 RRRC225 261538.3 7394212.7 S49
232 RRRC232 261643.5 7393008.8 S25
235 RRRC235 261590.5 7393208.3 S31
238 RRRC238 261591.5 7392858.6 S24
246 RRRC246 261538.7 7392549.5 S23
247 RRRC247 261488.3 7392909.8 S29
250 RRRC250 261439.1 7392659.0 S27
251 RRRC251 261437.2 7392552.9 S21  

15
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4.0 RESULTS 

4.1 GROUND WATER CHEMISTRY 
Six physico-chemical parameters (Temperature, pH, Conductivity, Total Dissolved Solids, 
Oxidation Reduction Potential and Dissolved Oxygen) were measured in the field from 
water bailed out of each bore and are presented in Table 4-1.  

• The depth to water (DTW) ranged from 29.3 – 54.1 m, with average of 34.6 m.   

• The pH was close to neutral, ranging from 6.0 – 7.4, with average of 6.8.  

• Temperature varied substantially, as expected for data taken in different seasons, 
ranging from 27.7 – 39.6 °C, with an average of 32.6 °C.  

• Conductivity and TDS ranged from 0 – 24500 mS/cm and 2.1 – 15500 ppK, 
respectively, averaging 2091.8 mS/cm and 1190.2 ppK, respectively.  

• Dissolved oxygen ranged from 1.5 – 62.2% and 6.7 – 62.1 mg/L, with averages of 
17% and 33.2 mg/L, respectively.  

• The redox potential (ORP) ranged from -161 to + 412 mV, with the average of 108.3 
mV. 

Apart from the outlier values of conductivity and TDS in RRRC074 during the Phase 1 
(unusually high values compared to values collected in the same bore during Phase 2), the 
majority of samples were fresh and had a pH value close to neutral, indicating that the 
habitat is generally suitable for stygofauna. 

4.2 SPECIES COLLECTED 
Few invertebrate specimens were collected during the stygofauna sampling (Table 4-2).  
Five stygobitic amphipods were recorded both inside and outside the impact area; all other 
invertebrates collected were not stygobitic.  The taxa included two non-aquatic terrestrial 
springtails and one adult mayfly.  Details for all species collected are given below. 

4.2.1 CRUSTACEANS (PHYLUM ARTHROPODA, SUBCLASS CRUSTACEA) 

4.2.1.1 Amphipods (Amphipoda) 

During phase one, three specimens were recorded from 049 (RRRC049; S10) and one 
specimen was recorded from 251 (RRRC251; S1).  During phase two, one specimen was 
found in 193 (RRRC193; S33) and one in 180 (RRRC180; S39).  Two specimens were 
recorded in phase three at sites 095 (RRRC095; S34) and 180 (RRRC180; S39). 

In total, eight amphipod specimens were collected from five sites.  All of the specimens 
appeared to be the same species (Figure 4-1), representing a new genus and species of 
crangonyctoid amphipods from the family Paramelitidae (Dr B. Knott, University of Western 
Australia, pers. comm.).  Owing to distance between the sites, it is likely that the specimens 
are representative of a larger population. 

4.2.2 INSECTS (PHYLUM ARTHROPODA, CLASS INSECTA) 

4.2.2.1 Springtails (Collembola) 

Springtails were abundant in almost all samples.  These were pigmented and had well 
developed compound eyes, which suggested that they were terrestrial, epigean (surface) 
species.  The species was therefore considered to be an accidental. 
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4.2.2.2 Mayflies (Ephemeroptera) 

A single damaged mayfly specimen was collected from one site.  There are no records of 
stygal mayflies in Australia and the specimen collected resembled a surface dwelling 
species.  It is therefore likely that the individual was an accidental. 
Table 4-1 Water Chemistry of Robertson Range Stygofauna Sites (no data available for S39-
S50) 

eco ID Hole ID DTW TD pH Temp Cond TDS D.O. % D.O. (mg/L) ORP
S1 RRRC251 31.1 40 6.6 32.7 1396 819 2.3 26.6 157
S2 RRRC135 31.4 33.3 6.5 32.4 1134 608 4.5 46.8 152
S3 RRRC246 31.3 41 6.6 37.7 1156 559 1.5 59.6 103
S4 RRRC238
S5 RRRC074 32 49.5 6.9 33.6 24500 15500 3.8 48.7 205
S6 RRRC250 32.3 84.3 7.4 31.9 1327 801 6.1 412
S7 RRRC235 31.3 54.7 7.1 29.5 1773 1008 3.4 45.5 130
S8 RRRC088 36.8 52.3 7.2 30.3 1537 884 1.8 20.5 123
S9 RRRC224 34.5 48.2 6.2 32.2 1486 827 3.6 39.4 130
S10 RRRC049 33.4 46 7.2 34.9 3.7 2.1 2.6 41.6 136
S11 RRRC132 34.3 82 7.2 39.6 1075 906 4.1 49.6 -3
S12 RRRC180 35.4 41.1 6.9 35.4 1344 740 3.1 51 11
S13 RRRC196 34.1 62 7 35.5 1089 637 1.6 20.5 -12
S14 RRRC183 34 40.2 7.4 28.4 1063 625 4.2 62.1 -9
S15 RRRC215 35.7 52 7.1 29.1 1555 904 4.3 39.6 7
S16 RRRC114 36.1 56.3 7.1 31.1 1688 986 3.4 46 15
S17 RRRC103 38.7 61.9 7 36.6 1966 1225 2.4 16.6 94
S18 RRRC202
S19 RRRC108 44.1 67.3 6.9 36.6 1362 664 2.9 38.1 87
S20 RRRC225 54.1 70.2 7.1 36.6 2110 1283 4.4 50.4 -6
S21 RRRC251
S22 RRRC135
S23 RRRC246 32.2 100 6.6 34.2 1412 710 31.3 24.5 113
S24 RRRC238 35.8 60 6.4 29.9 1960 850 26.6 23 160
S25 RRRC232 35.5 78 6.4 31.5 1510 790 44.1 30.3 176
S26 RRRC074 35.8 47 6 32.2 1029 510 18.2 13.5 185
S27 RRRC250 34.7 36 6.4 31.5 1195 600 6.7 6.7 137
S28 RRRC157 33.8 48 6.3 30.9 1560 780 21.8 16.9 -89
S29 RRRC247 35.9 82 6.7 31.8 1209 600 34 27.1 147
S30 RRRC140 36.1 91 6.6 31.3 905 450 46.2 32.9 160
S31 RRRC235 34.7 90 7.2 27.7 995 490 25.2 20 122
S32 RRRC185 32.5 84 6.3 31.1 2210 1130 26.1 22 112
S33 RRRC193 29.3 43 6.6 30 1232 610 20.1 18.9 158
S34 RRRC095 32.7 78 6.6 38.4 0 20 49.1 40 181
S35 RRRC088 32.6 72 6.8 30.4 2300 1180 50.8 40.4 161
S36 RRRC224 29.9 89 6.7 30.9 1390 700 31.8 26 167
S37 RRRC049 32.3 78 6.3 31 1690 860 62.2 47.5 220
S38 RRRC132 31.9 39 6.2 30.2 2960 1210 24.6 37.3 -161
S39 RRRC180
S40 RRRC196
S41 RRRC183
S42 RRRC215
S43 RRRC114
S44 RRRC103
S45 RRRC202
S46 RRRC121
S47 RRRC108
S48 RRRC080
S49 RRRC225
S50 RRRC036

29.3 - 54.1 33.3 - 100 6 - 7.4 27.7 - 39.6 0 - 24500 2.1 - 15500 1.5 - 62.2 6.7 - 62.1 -161 - 412
34.6 N/A 6.8 32.6 2091.8 1190.2 17.0 33.2 108.3

Blocked

Range
Mean

Data not available

Blocked

Blocked
No water present
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Table 4-2 Summary of all Invertebrate Taxa Collected during Stygofauna Sampling. 
(Stygobitic taxa are highlighted in orange; sites inside the project ground footprint are marked with *) 

 

Class Order Family Genus Sp.
251 
(S1)

049 
(S10)

202 
(S18)

193 
(S33)*

095 
(34)*

180 
(S12)*

180 
(S39)*

Insecta Ephemeroptera - - - 1
Insecta Collembola - - - 2

Crustacea Amphipoda - - - 1 3 1 1 2

SitesTaxa

 

 

 
Figure 4-1 A Stygobitic Amphipod Found at Robertson Range 
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4.3 SURVEY LIMITATIONS  
Limitations of the current survey are summarised below. 

Table 4-3 Summary of Survey Limitations  

CONSTRAINT RELEVANT  COMMENT 

Competency/ experience of the 
consultant carrying out the 
survey. 

No 

Ecologia employs a team of experienced 
invertebrate biologists that have undertaken 
several Stygofauna surveys in the past 24 
months. 

Scope (what taxonomic groups 
were sampled and were some 
sampling methods not able to 
be employed because of 
constraints such as weather 
conditions). 

No 
Phase 1 occurred during a period of low 
rainfall and Phase 2 and Phase 3 occurred 
during periods of high rainfall.  

Proportion of fauna identified, 
recorded and/ or collected. Yes 

Stygofauna have only recently been recorded 
from non-karst geologies in  WA and as such 
it is difficult to quantify expected population 
numbers, species richness etc  

Sources of information 
(previously available 
information as distinct from new 
data). 

Yes 

Although stygofauna has been documented in 
Western Australia, including the Pilbara 
region, no stygofauna surveys have been 
conducted around Robertson Range before. 

The proportion of the task 
achieved and further work 
which might be needed. 

Yes 
Further sampling is recommended to 
determine the local range of the species 
found. 

Completeness (e.g. was 
relevant area fully surveyed). Yes More of the area should be sampled if new 

bores are created in new areas. 

Resources (e.g. degree of 
expertise available in animal 
identification to taxon level). 

Yes 

All potential stygofauna specimens recovered 
were given to relevant taxonomic experts at 
the UWA for identification. However there is a 
paucity of knowledge regarding the taxonomy 
of many groups. 

Availability of contextual 
information on the region (e.g. 
biogeography). 

No 

All information relevant to the occurrence of 
stygofauna in the study area and the 
surrounding regions was examined (However, 
while data on stygofauna from the Pilbara 
region are well documented, data on 
stygofauna from the Gascoyne region are 
poor). 

Efficiency of sampling methods 
(i.e. any groups not sampled by 
survey methods). 

Yes 

Stygofauna are often rare in subterranean 
habitats and, therefore, extended sampling 
periods are generally more informative than 
short sampling periods. Given the low number 
of specimens collected and the absence of 
specimens in most samples, it is possible that 
further sampling will reveal a greater diversity 
of species occurring in the area. 
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5.0 IMPACT RISK ASSESSMENT 

A risk assessment was undertaken (Appendix 1) to determine potential impacts arising 
from the development on stygofauna and the residual impacts following the implementation 
of management strategies identified in this document.   

The ‘Significance’ of the risks is classified as either “High” (site/issue specific management 
programmes required, advice/approval from regulators required), “Medium” (specific 
management and procedures must be specified) or “Low” (managed by routine 
procedures). 

 



 
Robertson Range 

   Stygofauna Assessment 

 

 
24

This page has been left blank intentionally 

 



 
Robertson Range 

   Stygofauna Assessment 

 

 
25

6.0 DISCUSSION 

The stygobitic amphipods were collected from five bores occurring in the south, middle and 
the north-east of the tenement at Robertson Range.  This suggests that while the species 
could be locally restricted to the range, it is probably distributed throughout Robertson 
Range and more specific distribution may be influenced by a number of abiotic factors.  

Although very little is known about the subterranean habits of stygofauna, many 
researchers suspect that processes such as the infiltration of nutrients from the surface 
through fissured rock is beneficial for their abundance.   

Species are believed to be largely dependent on the availability of limited carbon 
underground.  Particular areas at Robertson Range may receive greater infiltration of water 
and nutrients especially if the underlying rock is especially porous.   

Stygofauna can also be very sensitive to changes in their habitat (Masciopinto et al. 2006) 
and the physico-chemical features of groundwater habitats can be a limiting factor for them 
(Hahn 2006).   

Water temperature is one of the most important water quality parameters as it can impact 
both water quality and the functions of any organisms present in it (Oberlin and Blinn 
1997).  Dissolved oxygen can also directly impact an organisms reproduction, incubation 
and survival (Malard and Hervant 1999) and water pH can have a significant influence in 
determining invertebrate community structure (Rosemond et al. 1992).  Nevertheless, while 
differences in water quality can influence distribution of stygofauna, water quality of bores 
where stygobitic amphipods were collected at Robertson Range (RRRC251, RRRC049, 
RRRC193, RRRC095, RRRC180) did not differ from the rest of the bores sampled.  The 
differences in water quality detected across Robertson Range are, therefore, unlikely to 
affect the local distribution of the stygobitic amphipods within the range. 

Regarding potential threatening processes, stygobitic communities are generally 
threatened by two direct processes related to the proposed mining activities, that is, the 
removal of ore containing strata, and dewatering of the aquifer to enable extraction of the 
ore body.  Species may also be impacted upon via indirect pathways such as hydrocarbon 
or nutrient contamination, or via changes to aquifer dynamics due to the sealing of the 
ground above.  Stygofauna habitat may also be impacted upon by bore field operations 
which provide water for ore processing and / or potable supplies, thereby creating 
drawdown.   

As the new species of amphipod at Robertson Range is expected to be subject to at least 
some of these impacts, further management is required (see recommendations in section 
7.0.) 
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7.0 MANAGEMENT RECOMMENDATIONS 

Now that stygofauna have been identified within the project area at Robertson range, it is 
important that their distribution range is determined both locally and at a regional scale.  

Given that all the species are likely to represent new, undescribed taxa (B. Knott, UWA, 
pers. comm.) it is highly unlikely that other records occur within the WA Museum.  It is 
therefore important to continue sampling at Robertson Range and close regional areas in 
order to determine if the species occurs outside the project area (including the potential 
dewatering drawdown effect footprint).  This may require a construction of several 
dedicated stygofauna bores to allow for sampling in additional habitats.  A development of 
an on-site monitoring program of the stygobitic community is also recommended. 

7.1 SURVEY TEAM 

The FerrAus stygofauna surveys described in this document was planned, coordinated and 
executed by: 

Name Position Qualifications 

Jarrad Clark Senior Invertebrate Zoologist / 
Project Manager BSc Environmental Sciences 

BSc Environmental Sciences 
Hons Melissa White Level 2 Invertebrate Zoologist 

Gilbert Whyte Level 2 Invertebrate Zoologist BSc Biological Sciences Hons 

Nicolas Dight Level 1 Invertebrate Zoologist BSc Science (Zoology) 

 

 
ecologia Environment 

1025 Wellington Street 

WEST PERTH  WA  6005 
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Table 8-1 Robertson Range Stygofauna Risk Assessment 

Biological Environmental Impact Risk Assessment 
Project: FerrAus Location: Robertson Range  
      Inherent Risk   Residual Risk 

Risk Issue Aspect (Event) Impact 
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Mine Site   

Exploration Drilling Vibration 
Disturbance 

Negatively Impact Stygofauna 
Communities 3 2 6 Med Reduce drilling where practical to do so. 

Reduce the density of drill holes. 2 2 4 Low 

Exploration Drilling Removal/Change of 
Habitat 

Negatively Impact Stygofauna 
Communities 3 2 6 Med Reduce drilling where practical to do so. 

Reduce the density of drill holes. 2 2 4 Low 

Dewatering 
Groundwater 

Removal/Change of 
Habitat 

Negatively Impact Stygofauna 
Communities 4 4 16 High Reduce dewatering where practical to do so 3 4 12 High 

Mining Removal/Change of 
Habitat 

Negatively Impact Stygofauna 
Communities 4 4 16 High Reduce the impact footprint. 3 4 12 High 
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LIKELIHOOD 
5 4 3 2 

ALMOST 
CERTAIN LIKELY POSSIBLE UNLIKELY Risk Assessment Rating 

Is expected to 
occur in most 
circumstance 

Will probably 
occur in most 
circumstance 

Could occur 
Could occur 

but not 
expected 

Occurs in 
exceptional 

circumstances 
5 - CATASTROPHIC 
Significant impact to fauna species of 
conservation significance or regional 
biodiversity 

25 20 15 10 5 

4 - MAJOR 

Impact to fauna species of conservation 
significance in project area. 

20 16 12 8 4 

3 - MODERATE 

Loss of fauna biodiversity in project area. 
15 12 9 6 3 

2 - MINOR 
Short term or localised impact to fauna 
biodiversity.  

10 8 6 4 2 

1 - INSIGNIFICANT 

C
O

N
S

E
Q

U
E

N
C

E
S

 

No impact to fauna of conservation 
significance or biodiversity. 

5 4 3 2 1 

      
11-25 High risk, site/issue specific management programmes required, advice/approval from regulators required. 
6 – 10 Medium risk, specific management and procedures must be specified. 
1 – 5 Low risk, managed by routine procedures. 
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Value Description Criteria

5 Almost Certain
Environmental issue will occur, is currently a
problem or is expected to occur in most
circumstances.

4 Likely

Environmental issue has been a common
problem in the past and there is a high
probability that it will occur in most
circumstances.

3 Possible
Environmental issue may have arisen in the
past and there is a high probability that it
could occur at some time.

2 Unlikely

Environmental issue may have occurred in
the past and there is a moderate probability
that it could occur at some time but not
expected.

1 Rare
Environmental issue has not occurred in the
past and there is a low probability that it may
occur in exceptional circumstances.

Likelihood:

 

Value Description Health & Safety Environmental & Example
Significant extensive detrimental long-term impact on the
environment, the community and/or public health. Catastrophic
and/or extensive chronic discharge of persistent hazardous
pollutant. Major breach of regulation identified and/or serious
incident n
Major hydrocarbon spill to a land area, major tailings wall failure
with extensive surface and water pollution.

Multiple Lost Time 
Injuries (LTI) 

Serious, chronic, 
long term effects.

Issues of a significant nature (medium term impact). It also includes
incidents that could politically, legally or economically affect SDGM
regardless of extent of environmental impact. Clean up or
remediation external assistance required.

Admission to 
intensive care unit or 

equivalent. 

Groundwater pollution with potential serious biological damage
and/or contamination of a potentially useable groundwater resource.

Long-term detrimental environmental or social impact. Issues of a
continuous nature but with limited environmental effect. Probable
serious breach of regulation identified with serious prosecution or
fine.  Clean up or remediation some external assistan

Groundwater pollution with limited biological damage and no
contamination of a potentially useable groundwater resource.

Medical Treatment 
Injury (MTI) 

Short term impact on the environment but a non-recurrent issues.
Public concern restricted to re-occurring local complaints. Clean up
or remediation activities undertaken internally.

Restricted Work 
Injury (RWI) Isolated incidences of pollution standards that are exceeded.

First Aid Injury (FAI)

Technical breach of environmental requirements with no
environmental effect or no lasting detrimental effect on the
environment. Public concern restricted to local complaints. Clean
up or remediation undertaken internally. 

 Nuisance value Licence requiring a toe drain around TSF to receive any seepage.
The drain is yet to be installed but there is no seepage.

5 Catastrophic Fatality(s) or 
permanent disability.

4 Major

Insignificant

Moderate

Consequence:

1

2 Minor

Single Lost Time 
Injury (LTI)3
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