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Summary 

This report has been prepared for AECOM on behalf of Anglo American (Callide Mine) as 
part of an Environmental Impact Statement (EIS) for the Anglo American (Callide Mine) 
Boundary Hill Expansion Project.  This project involves changes to the mine lease area 
(MLA) that was assessed in 2007 that will include: 

⋅ open-cut mines, and 

⋅ associated mine infrastructure. 

We understand that the scope of work for stygofauna includes completing a baseline 
study and impact assessment that meets the Department of Environment and Heritage 
Protection’s (EHP) generic terms of reference for an EIS.  The description of the existing 
environment for stygofauna entailed: 

⋅ a description of the presence and nature of stygofauna (using the lowest possible 
taxonomic rank, typically Order or Family) in groundwater likely to be affected by 
the project.  Sampling and survey methods follow best practice, such as that 
published by the Western Australian Environmental Protection Authority – 
Guidance for the Assessment of Environmental Factors no.54 (December 2003) 
and No. 54a (August 2007).  

The description of potential impacts include: 

⋅ a description of the potential impacts on stygofauna, of any changes in the quality 
and quantity of the groundwater, and mitigation measures that would be applied to 
demonstrate lack of threat, in accordance with best practice, which at present is 
guided by the Western Australian Environmental Protection Authority – Guidance 
for the Assessment of Environmental Factors No.54 (December 2003) and No.54a 
(August 2007). 

A single Cyclopoida copepod was caught at bore 1.  At the Order taxonomic level, 
Cyclopoida does not exclusively contain species that are dependent on groundwater.  
However, Cyclopoida copepods that are reported as having obligate groundwater 
dependence are reported from the Callide Valley alluvial aquifer and from elsewhere in 
the Fitzroy River Basin; thus, the specimen from bore 1 was assessed as likely significant 
stygofauna. However, as bore 1 is outside of the Boundary Hill Expansion site, no further 
surveys of stygofauna are required under the Queensland TOR. 
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Despite the apparent absence of stygofauna from the site, it is recommended that 
repeated sampling for stygofauna be undertaken at selected bores within the Boundary 
Hill Expansion site, and at bores in alluvial areas directly to the west of the site, as this 
area is likely to contain diverse and abundant stygofauna communities.  This would 
provide a more robust assessment of stygofauna, and enable better understanding of the 
implications of stygofauna for the Boundary Hill Expansion Project, especially considering 
that modelling indicates decreases in the water table in the site of up to 10 m.  In 
particular, if it can be demonstrated that significant stygofauna occur in alluvial areas to 
the west of the site where the groundwater studies show that groundwater levels will not 
be impacted by the Boundary Hill Expansion Project, then it can be concluded with 
confidence that the Project will not threaten any stygofaunal species or community.  It is 
also recommended that water quality data for groundwater at each bore is collected 
during the repeat survey, as existing water quality data is five years old.   

Although significant stygofauna were not found within the site, and there is no requirement 
to undertake a second survey of stygofauna under the Queensland TOR, it is 
recommended that generic impact mitigation strategies are implemented, including 
minimising dewatering, the depth of excavation, the area of land compacted by heavy 
machinery, and disturbance to vegetation within 20 m of a water table, and ensuring 
chemicals and fuels are stored and handled in accordance with relevant Australian 
Standards.   
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1 Introduction 

1.1 Project Background 

Anglo American (Callide Mine) is preparing to expand operations at the Boundary Hill site, 
near Biloela.  A previous application to the Department of Environment and Resource 
Management (DERM) in 2007 [now EHP)] was unsuccessful, as the EIS indicated 
unavoidable blast vibrations at a nearby heritage homestead.  The Mine Plan and Mining 
Lease Application (MLA) for the proposed expansion area have since been modified to 
address vibration impacts on the homestead.  The core area of the revised expansion is 
unchanged; however, several areas from the previous proposal are now excluded and 
some additional areas have been added (Map 111103SMb). 

Anglo American (Callide Mine) engaged AECOM to prepare the EIS.  frc environmental 
were subsequently engaged by AECOM to complete aquatic ecology and stygofauna 
assessments for the EIS.  This report presents the methods, results and impact 
assessment for the stygofauna component of the project. 

1.2 Overview of Stygofauna 

Stygofauna are subterranean aquatic animals that live in the pores, voids and cavities of 
aquifers and are dependent on groundwater for survival.  Many stygofaunal species have 
specialised adaptations to underground life, including: 

⋅ small body size (e.g. many species have a total body length <1 mm) 

⋅ lack of pigmentation 

⋅ absence of eyes, and 

⋅ elongated appendages (for tactile sensing of surrounding environments). 

Crustaceans dominate the composition of stygofaunal communities, although 
oligochaetes, molluscs, insects and rotifers are also common (Table 1.1).  Stygofauna 
have the potential to occur in aquifers with sufficient pore space and connectivity through 
the substrate matrix, including karstic, calcrete, fractured rock and alluvial groundwater 
ecosystems.  The diet of most stygofaunal species comprises the microbial and bacterial 
communities that form biofilms on the substrate matrix of the aquifer, and it is thought that 
stygofauna provide important ecosystem services relating to the maintenance of 
groundwater quality via biogeochemical processing and filtration (Hancock et al. 2005; 
Boulton et al. 2008). 
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The diversity and distribution of stygofauna is poorly known, especially in eastern 
Australia, as most existing knowledge of stygofauna diversity is based on Western 
Australian studies.  These studies show that the west Australian stygofauna has high 
species diversity and most known taxa are reported to have a narrow distributional range 
(i.e. stygofauna is dominated by species that occur exclusively within a small area) 
(Boulton et al. 2010; Harvey et al. 2011).  There are comparatively few studies of 
stygofauna diversity in Queensland, although preliminary information is consistent with 
findings for Western Australia, showing high diversity and narrow geographical ranges of 
stygofaunal taxa (Hancock et al. 2005; Cook et al. 2012).  This preliminary information 
suggests that the species composition of stygofaunal communities in eastern Australia 
may be extremely varied over relatively small geographic distances.   

Stygofauna can be grouped into three broad classes based on the degree of dependency 
on groundwater ecosystems, including: 

⋅ stygobites, which are obligate groundwater aquatic fauna that have specialised 
adaptations to underground life and that live within and are totally dependent on 
groundwater ecosystems for their entire life 

⋅ stygophiles, which are aquatic fauna that are required to spend part of their life 
cycle in groundwater ecosystems but also live partly within surface water systems, 
and 

⋅ stygoxenes, which are aquatic fauna that can be found within groundwater 
ecosystems but do not require the presence of groundwater ecosystems to 
complete their life cycle (Tomlinson & Boulton 2008). 

These classes can be used to guide the assessment of significant and non-significant 
stygofauna, as required by the Queensland TOR for EIS, with the presence of: 

⋅ stygobites and / or stygophiles likely to represent significant stygofauna, as they 
are entirely dependent on groundwater ecosystems and current knowledge 
suggests that these taxa are more likely to have a narrow distributional range, and 

⋅ stygoxenes likely to represent non-significant stygofauna, as they are not 
dependent on groundwater and are more likely to have a broad distributional 
range. 

At the Order or Family taxonomic rank required by the Queensland TOR, few stygofaunal 
taxa will satisfy the criterion for ‘significant’ stygofauna (Table 1.1), with common 
examples of higher level taxa in eastern Australia that are significant stygofauna including 
Bathynellidae and Parabathynellidae.  A number of other higher taxa contain stygofauna 
and non-stygofauna at lower taxonomic levels (i.e. genera and / or species) and would 



frc environmental 

Boundary Hill EIS – Stygofauna Pilot Study 3 

thus be assessed as ‘non-significant’ at the Order or Family taxonomic rank.  Examples of 
higher taxa that contain genera and / or species of stygofauna and non-stygofauna in 
Queensland include Copepods, Isopods and Amphipods (Table 1.1).  While taxonomic 
resolution below the Family level is not required, specimens of these higher taxa that 
clearly exhibit characteristics of adaptations to underground life, especially absence of 
eyes and lack of pigmentation, are likely stygobites, and therefore satisfy the criterion for 
‘significant’ stygofauna.  Consequently, ‘significant’ stygofauna include both higher level 
taxa that are exclusively stygobites, and higher level taxa that are not exclusively 
stygobites but where the specimens collected clearly exhibit characteristics of stygobites 
(i.e. absence of eyes, lack of pigmentation). 
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Table 1.1 Overview of stygofaunal taxa in Australia. 

Taxa   

Higher level taxa (Orders / Families) that are exclusively stygobites 

Crustacea Remipeda	   Nectiopoda	  

Crustacea Syncarida	   Bathynellidae	  

Crustacea Syncarida	   Parabathynellidae	  

Crustacea Syncarida	   undescribed family	  

Crustacea Syncarida	   Psammaspididae	  

Crustacea Isopoda	   Tainisopidea	  

Crustacea Amphipoda	   Melitidae	  

Crustacea Amphipoda	   Bogidiellidae	  

Crustacea Amphipoda	   Hadziidae	  

Crustacea Spelaeogriphacea	   –	  

Higher level taxa (Orders / Families) that are not exclusively stygobites, but contain lower 
level taxa (genera / species) that are stygobites 

Protista –	   –	  

Platyhelminthes Turbellaria	   –	  

Aschelminthes Nematoda	   –	  

Aschelminthes Rotatoria	   –	  

Tardigrada –	   –	  

Annelida Oligochaeta	   –	  

Annelida Polychaeta	   –	  

Mollusca Gastropoda	   Hydrobiidae	  

Mollusca Gastropoda	   Glacidorbidae	  

Arachnida Acarina	   –	  

Crustacea Ostracoda	   Myodocopida	  

Crustacea Ostracoda	   Podocopida	  

Crustacea Ostracoda	   Halocyprida	  

Crustacea Copepoda	   Cyclopoida	  

Crustacea Copepoda	   Harpacticoida	  

Crustacea Copepoda	   Calanoida	  
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Taxa   

Crustacea Copepoda	   Misophrioida	  

Crustacea Syncarida	   Koonungidae	  

Crustacea Syncarida	   Anaspidae	  

Crustacea Decapoda	   Atyidae	  

Crustacea Isopoda	   Phreatoicidae	  

Crustacea Isopoda	   Janiridae	  

Crustacea Isopoda	   Flabellifera	  

Crustacea Isopoda	   Amphisopidae	  

Crustacea Isopoda	   Oniscidae	  

Crustacea Isopoda	   Cirolanidae	  

Crustacea Amphipoda	   Paramelitidae	  

Crustacea Amphipoda	   Neoniphargidae	  

Crustacea Amphipoda	   Crangonyctidae	  

Crustacea Amphipoda	   Chiltoniidae	  

Crustacea Thermosbaenacea	   –	  

Insecta Coleoptera	   Dytiscidae	  

Insecta Coleoptera	   Elmidae	  

Vertebrata Pisces	   –	  
adapted from Tomlinson and Boulton (2008) 

1.3 Description of the Survey Area 

The Anglo American (Callide Mine) Boundary Hill Expansion MLA (the site) is 
approximately 20 km from Biloela (Map 111103SMb).  The site is in the Callide Creek 
catchment within the Fitzroy River Basin.  The site sits over the Callide Basin Coal 
Measures, and the Callide Valley groundwater management unit, as mapped by EHP. 

The Callide Valley Groundwater Management Unit covers an area of 3100 km2 and 
contains 16 sub-areas for water management purposes.  The principal groundwater 
system in the Callide Valley Groundwater Management Unit is the Callide Valley 
sub-artesian aquifer, composed of unconsolidated Quaternary alluvium that is 5 to 10 km 
wide, 80 km long, and 450 km2 in area.  The aquifer extends downs the Callide Valley to 
the junction of Callide Creek with the Don River.  The site does not directly overly this 



frc environmental 

Boundary Hill EIS – Stygofauna Pilot Study 6 

alluvial deposit, and instead overlies the Biloela geological formation, composed of 
mudstones, siltstones and sandstones (Matrix+ Consulting 2007).  A section of the Callide 
Valley  alluvial aquifer is located to the west of the site, and roughly follows the Campbell 
Creek drainage line. 

Groundwater within the Callide Valley aquifer is used for various agricultural purposes, 
and has been further modified near existing open-cut coal mines in the valley.  In the late 
1960s surface water resources were developed in the local area to augment groundwater 
resources because water levels of the aquifer were decreasing due to resource 
development, especially in the upper sections of the Callide Valley. 
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2 Legal Framework 

2.1 Commonwealth’s Environment Protection and Biodiversity 
Conservation Act 1999 

The Commonwealth’s Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act) provides for the protection of Matters of National Environmental Significance 
(MNES) and regulates activities concerning Commonwealth areas, wildlife trade and 
heritage.  Approval from the Minister is required for any action that is likely to have a 
significant impact on any of the seven MNES listed in the EPBC Act, including threatened 
species and threatened ecological communities. 

Only one stygofaunal species, Lasionectes exleyi (Crustacea: Remipedia), is listed as 
vulnerable under the EPBC Act.  This species is listed because it has a geographically 
restricted distribution on the Cape Range Peninsula, Western Australia.  While most other 
known stygofaunal species are also geographically restricted (Boulton et al. 2010; Harvey 
et al. 2011), they are not protected under the EPBC . 

2.2 Queensland’s Environmental Protection Act 1994 and Environmental 
Protection (Water) Policy 1997 

Queensland’s Environmental Protection Act 1994 (EP Act) establishes a general 
environmental duty, including a duty to notify all instances of environmental harm, for the 
management and protection of Queensland’s environment.  The EP Act also provides for 
the establishment of Environmental Protection Polices that schedule environmental values 
and quality standards for facets of the environment, including groundwater. 

The Environmental Protection (Water) Policy 1997 (EPP Water) protects Queensland 
waters, while allowing for ecologically sustainable development.  This objective of the EPP 
Water is achieved by setting environmental values for water, including the Protection of 
Aquatic Ecosystems Environmental Value, and associated water quality objectives.  The 
presence of stygofauna in an aquifer demonstrates the presence of a biologically active 
aquatic ecosystem (SKM 2008); aquatic ecosystems in both surface and groundwater 
habitats have Environmental Values that require certain levels of protection under the 
EPP Water. 
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2.3 Queensland’s Nature Conservation Act 1992 and Nature 
Conservation (Wildlife) Regulation 2006 

Queensland’s Nature Conservation Act 1992 (NC Act) provides for the protection of flora 
and fauna of Queensland.  Protected species are listed in the Nature Conservation 
(Wildlife) Regulation 2006 as extinct in the wild, endangered, vulnerable, near threatened 
or least concern.  No stygofaunal species are listed or protected under the NC Act.  

2.4 Queensland’s Water Act 2000 

Queensland’s Water Act 2000 provides for the equitable management and allocation of 
Queensland’s water resources, including providing for environmental water entitlements 
and environmental flows.  The objectives of the Water Act 2000 are achieved via Water 
Resource Plans and Resource Operations Plans.  Groundwater Areas may be declared 
within Water Resource Plans for the protection of groundwater resources.  The Water 
Regulation 2002, which is pursuant to the Water Act 2000, also provides for the 
establishment of Groundwater Areas.  However, stygofauna are not explicitly considered. 

2.5 Queensland Draft Terms of Reference for EIS 

The Draft Terms of Reference for Environmental Impact Statements in Queensland 
states: 

⋅ ‘The EIS should provide a description to Order or Family taxonomic rank of the 
presence and nature of stygofauna occurring in groundwater likely to be affected 
by the project.  Sampling and survey methods should follow the best practice 
guideline which is currently that published by Western Australia EPA – Guidance 
Statement 54 (2003) and 54a (2007)’, and 

⋅ ‘In any groundwater aquifers found to contain stygofauna, describe the potential 
impacts on stygofauna of any changes in the quality and quantity of the 
groundwater, and describe any mitigation measures that may be applied’. 

Guidance Statement 54 (2003) of the Western Australian Guidelines recommends a 
thorough stygofauna survey of the project area for EIS, that includes the collection of 40 
stygofaunal samples from within the project area and an additional 40 stygofaunal 
samples from reference bores surrounding the project area. 
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However, Guidance Statement 54a (2007) allows for a less intensive pilot study to be 
undertaken in cases where the proponent believes there is little likelihood of stygofauna 
occurring in the project area.  If the pilot study supports significant stygofauna, then the 
Guideline requires that the pilot study results be used to focus a more comprehensive 
survey that documents all species and assesses their conservation, as per Guidance 
Statement 54 (2003). 
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3 Methods 

3.1 Literature Review 

The available literature on stygofauna diversity and ecology was reviewed to provide a 
context for the findings of this survey.  Literature included publically available EIS reports 
from the region and the scientific literature. 

3.2 Field Survey  

Eleven pre-existing bores were selected by the client and surveyed for stygofauna by 
frc environmental from 21 to 23 May 2012 (Map 111103SMb; Table 3.1).  All bores, with 
the exception of bore 2, were in the Biloela geological formation, which is of Tertiary origin 
and comprised of mudstone, siltstone, sandstone and minor lignite and coal.  Bore 2 was 
in alluvium of quaternary origin comprised of flood-out sheets and fans of sand, gravel 
and clay. Bore 1 was located in a heavily disturbed area adjacent to current mining 
operations; all other bores were in open eucalypt woodland habitats, with grass 
understorey and evidence of past light grazing. 

The full water column within each bore was sampled using six hauls of a weighted 
phreatobiological net (similar to plankton nets).  Three of these hauls were with a fine net 
(mesh size 50 µm), and three hauls were with a coarse net (mesh size 150 µm).  Thus, 
each sample was comprised of the combined six hauls for each bore. 

Samples were preserved in 100% ethanol.  Samples were processed in 
frc environmental’s laboratory, and stygofaunal specimens were identified to Order or 
Family using available taxonomic keys. 
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Table 3.1 Location of bores. 

Site Location and bore name Easting Northing Depth (m) 

Bore 1 Boundary Hill current; MB08 SI 20-30 249121.857 7320205.506 unknown 

Bore 2 Boundary Hill extension 249129.475 7320257.505 unknown 

Bore 3 Boundary Hill extension; Kilburnie 
Bore 

247099.606 7318981.240 unknown 

Bore 4 Boundary Hill extension 247056.703 7318993.441 unknown 

Bore 5 Boundary Hill extension; R3070 244843.828 7318118.828 208.0 

Bore 6 Boundary Hill extension; J3 (3061) 244901.581 7318162.425 199.7 

Bore 7 Boundary Hill extension; C0507655 244817.798 7318153.380 92.3 

Bore 8 Boundary Hill extension; CU507659 242032.862 7316929.628 96.0 

Bore 9 Boundary Hill extension; R0508048 242005.967 7316905.421 unknown 

Bore 10 Boundary Hill extension; C0508217 242084.212 7316950.290 unknown 

Bore 11 Boundary Hill extension; RB C14, 
C0507995 

236257.409 7317841.125 unknown 

Bore position recorded using a GPS (WGS 84, UTM) 
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3.3 Limitations 

This survey adopted the pilot study approach of the Western Australian Guidance 
Statement 54a (2007), with only a single survey in November 2012.  Multiple surveys are 
required to determine the species composition of stygofaunal communities at a single 
bore (Eberhard et al. 2009).  Stygofauna communities appear to have a high degree of 
temporal variability, such that more than one temporal sample is required to determine 
whether there is a stygofauna community in a particular area.  In areas where stygofauna 
are known to exist, there is a possibility that less than 25% of bores in a single survey will 
contain stygofauna at that particular time (see Cook et al. 2012). 

The assessment of water quality of groundwater at each bore was not within the scope of 
this survey.  While the literature review considered existing groundwater quality data for 
electrical conductivity and pH, the available data is over five years old, and may not reflect 
current water quality conditions at each of the bores. 
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4 Results 

4.1 Literature Review 

In Queensland the diversity and distribution of stygofauna is not well known.  However, 
preliminary published studies, and unpublished data sources, indicate the presence of, 
significant stygofauna (i.e. stygobites) within groundwater ecosystems in the following 
areas: 

⋅ Pioneer River Catchment 

⋅ Lower Burnett River Catchment 

⋅ Lower and Upper Burdekin River Catchment 

⋅ Upper Dawson River Sub-Catchment 

⋅ Upper Mackenzie River Sub-Catchment 

⋅ Callide Creek Sub-Catchment 

⋅ Lockyer Creek Sub-Catchment (Brisbane River Catchment) 

⋅ Condamine River Catchment, and  

⋅ Glass House Mountains area (Hancock & Boulton 2008; SKM 2008; ALS 2011; 
Cook et al. 2012; DoSITIA unpublished data; frc environmental unpublished data).   

It has been suggested that the electrical conductivity of groundwater should be less than 
5000 µS/cm to be preferable for stygofauna (ALS 2012).  However, stygofauna have also 
been reported from groundwater where the electrical conductivity was 33 000 µS/cm and 
higher (ALS 2012).  The median electrical conductivity reported for groundwater 
throughout the Boundary Hill site across all geological units was approximately 1100 
µS/cm  in 2007 (Matrix+ Consulting 2007); so, the electrical conductivity of groundwater in 
the area is suitable for stygofauna.  Similarly, the pH of groundwater in the site was 
suitable for stygofauna, with the median pH of groundwater ranging from 6.8 – 7.3 in 2007 
depending on the geological unit (Matrix+ Consulting 2007).  While it is important to note 
that this water quality data is over five years old, and may not reflect the current quality of 
groundwater at each bore, relatively little is known about the relationship between 
presence and / or diversity of stygofauna and groundwater quality.  Therefore, 
groundwater ecosystems with naturally high salinity, and / or high or low pH, may support 
significant stygofauna, although large changes in groundwater salinity or pH are likely to 
have impacts on stygofauna. 
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Significant stygofauna are expected to be most common in shallow alluvial aquifers (ALS 
2012), with the Burdekin River alluvial aquifer having the highest species diversity of 
Bathynellid microcrustaceans from any single groundwater system in Australia, reported 
to-date (Cook et al. 2012).  While some studies have found significant stygofauna within 
alluvial geological units elsewhere in the Fitzroy Basin (i.e. upper Dawson River, frc 
environmental unpublished data; upper Connors River, ALS 2012), other studies in the 
Fitzroy Basin have failed to find any stygofauna in coal bearing geological formations 
(AARC 2010).  Two blind, unpigmented cyclopoid copeopds, and five Ostracods with 
elongated carapaces, were found from a bore in the Callide Creek Catchment just north of 
Biloela within the Callide Valley alluvial aquifer (SKM 2008); these findings were reported 
as ‘strong evidence for a biologically-active aquifer’ and a stygofauna community with 
‘obligate dependency on groundwater’ (SKM 2008 p. 140). 

The geology of the Boundary Hill site is dominated by the Biloela formation, which is 
comprised of mudstones, siltstones and sandstones (Matrix+ Consulting 2007).  That is, 
the site does not contain geological units that are recognised as supporting diverse 
stygofaunal communities.  The alluvial geological unit that follows the Campbell Creek 
drainage line to the west and southwest of the site is part of the Callide Valley alluvial 
aquifer. and is the most likely area in the vicinity of the site to contain stygofauna, as 
significant stygofauna has previously been reported in the Callide Valley alluvial aquifer 
(SKM 2008).  While bore 2 is in this geological unit, this bore and the alluvial deposits 
further downstream along Campbell Creek are outside the site, and were not 
comprehensively surveyed in this pilot study 

4.2 Field Survey 

One stygofaunal specimen (Copepoda: Cyclopoida, a micro-crustacean) was caught at 
bore 1, a short distance (i.e. about 1.5 km) outside the site within the Biloela geological 
formation (Map 111102SMb).  This specimen was in poor condition; thus, it was not 
possible to assess it in relation to stygobiotic characteristics.  No stygofauna were caught 
inside the site, or at bore 2 within the alluvial aquifer.   

Cyclopoida copepods are widespread, and are known from both groundwater and surface 
water ecosystems across Australia (Eberhard et al. 2009; WRM 2009); thus at the order 
taxonomic level, Cyclopoida copepods are not exclusively stygobites.  Cyclopoid 
copepods with characteristics of stygobites have been reported from the Callide Creek 
Catchment about 12 km to the west of the site (SKM 2008), and elsewhere in the Fitzroy 
River Basin (ALS 2011).  While it was not possible to assess the specimen collected in 
this survey in relation to stygobite characteristics, it is best practice to assume that this 
specimen had stygobite characteristics similar to those reported by SKM (2008) and ALS 
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(2011), and therefore represents ‘significant’ stygofauna with respect to the Queensland 
TOR. 

According to Guidance Statement 54 (2003) of the Western Australian Guidelines, as no 
significant stygofauna were found within the site, no further surveys of stygofauna are 
required for the purpose of preparing the EIS.  However, repeat sampling is 
recommended (Eberhard et al. 2009), particularly as populations of stygofauna vary highly 
with time, may only be detected in less than 25% of bores where they are known to exist, 
and significant stygofauna has been reported in the Callide Valley alluvial aquifer outside 
the site (SKM 2008).  Furthermore, this survey found likely significant stygofauna within 
the Biloela geological formation, which is the same geology as the site.  Thus, while 
significant stygofauna are most likely in the alluvial deposits along Campbell Creek to the 
west of the site, it is possible that they could also be present within the site and were not 
detected in this pilot survey due to high temporal variance.  Other studies that did not find 
significant stygofauna within the project area for a coal mine development undertook 
repeat sampling of stygofauna to account for temporal variance in stygofauna abundance 
(AARC 2010). 

Consequently, repeat sampling of selected bores within the Boundary Hill Expansion site, 
and the assessment of stygofauna at bores in alluvial areas directly to the west of the site, 
are recommended.  It is also recommended that water quality data for groundwater at 
each bore is collected during the repeat survey, as existing water quality data is five years 
old.   
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5 Potential Impacts of Mining on Stygofauna and Mitigation 
Measures 

5.1 Potentials Impacts of Mining on Stygofauna 

Potential Impacts – Generic 

The following activities are usually associated with mining and have the potential to impact 
stygofaunal communities: 

⋅ dewatering of aquifers for mining below the water table, which results in reduced 
water quantity and reduced groundwater pressure and flow.  This may reduce the 
amount of favourable subterranean aquatic habitat available to stygofauna, 
especially considering that shallow water tables (i.e. <30 m) are preferred by 
stygofauna (ALS 2012)  

⋅ contamination from above-ground operations (e.g. fuel and chemical spills) and 
from the concentration of salts, which may have toxic effects on stygofauna 

⋅ vegetation clearing where the depth to the water table is <20 m.  This may reduce 
the habitat of stygofauna associated with root systems, where the water table 
intersects with the root zone of the vegetation, and 

⋅ physical disruption of aquifers (e.g. excavation of mining pits and underground 
works; compaction of aquifer sediments by heavy equipment).  This may reduce 
the amount of favourable subterranean aquatic habitat available for stygofauna. 

Potential Impacts – Project Specific 

Hydrogeological modelling indicates that groundwater draw-drown will (Matrix+ Consulting 
2007): 

⋅ decrease the water table level by about 10 m in the vicinity of the pit  

⋅ decrease water table levels by about 5 m throughout the Project area  

⋅ decrease water table levels by about 1 m for a 5 km radius to the north, east and 
south of the Project, and is  

⋅ unlikely to reduce water table levels to the west of the project area as groundwater 
within the Campbell Creek alluvial aquifer is likely to have low hydraulic 
connectivity with groundwater within the Biloela formation. 
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Water table levels in the alluvial deposits along Campbell Creek to the west of the Project 
area, where it is most likely that stygofaunal communities would occur, are unlikely to be 
influenced by the Project. 

The quality of groundwater within and beyond the Project area is unlikely to be influenced 
by the Project (Matrix+ Consulting 2007). 

5.2 Mitigation Measures 

Mitigation Measures - Generic 

Mitigating measures for generic impacts to stygofauna include: 

⋅ minimising the depth to which aquifers need to be dewatered 

⋅ minimising the depth of excavations 

⋅ minimising the extent of disturbance to vegetation where the distance to the water 
table is < 20 m 

⋅ minimising the number of roads and tracks used by heavy equipment, and 

⋅ ensuring that chemicals and fuels are stored and handled in accordance with 
relevant Australian Standards, including  AS1940-2004 The storage and handling 
of flammable and combustible liquids. 

In addition a full survey of stygofauna, as outlined in Guidance Statement 54 (2003) of the 
Western Australian Guidelines, could be implemented to identify areas within and beyond 
the site where there are significant stygofauna.   

Mitigation Measures - Project Specific 

Modelling indicates there will be a decrease in ground water levels in, and within 5 km of 
the site.  In the pilot study, no significant stygofauna communities were found in the site, 
and consequently it is likely that no project specific mitigation will be required.  However, 
given the high temporal variation in stygofauna, and the paucity of information on 
stygofauna in this area, another survey is recommended to confirm this. This would 
provide a more robust assessment of stygofauna, and the implications of stygofauna for 
the Boundary Hill Expansion Project.  In particular, if it can be demonstrated that 
significant stygofauna occur in alluvial areas to the west of the site where the groundwater 
studies show that groundwater levels will not be impacted by the Project, then it can be 
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concluded with confidence that the Project will not threaten any stygofaunal species or 
community.  It is also recommended that water quality data for groundwater at each bore 
is collected during the repeat survey, as existing water quality data is five years old.   

Significant stygofauna communities in the region are most likely to be associated with 
alluvial deposits downstream on Campbell Creek, although the current survey shows that 
stygofauna may also be associated with the Biloela geological formation.  Modelling 
indicates that the groundwater drawdown resulting from the Boundary Hill Expansion 
Project is unlikely to impact aquifers in the alluvial deposits to the west of the site, and is 
consequently unlikely to negatively impact any stygofaunal communities here.  Thus, no 
project specific mitigation measures are likely to be required for these potential 
populations. 
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6 Conclusions 

A single Cyclopoida copepod was caught at bore 1.  At the Order taxonomic level, 
Cyclopoid copepods are not exclusively stygobites, but Cyclopoid copepods with stygobite 
characteristics have been reported from the Callide Valley alluvial aquifer and from 
elsewhere in the Fitzroy River Basin (SKM 2008; ALS 2011).  While it was not possible to 
assess the specimen collected in this survey in relation to stygobite characteristics as it 
was in poor condition, it is best practice to assume that this specimen had stygobite 
characteristics similar to those reported by SKM (2008) and ALS (2011), and therefore 
represents ‘significant’ stygofauna with respect to the Queensland TOR.  However, as 
bore 1 is outside of the Boundary Hill Expansion site, no further surveys of stygofauna are 
required under the Queensland TOR. 

While the geology of the site (i.e. Biloela formation) is not a type of geology typically 
recognised as supporting diverse or significant stygofaunal communities, bore 1 was 
within the Biloela formation; thus, this geological unit can sometimes contain significant 
stygofauna.  Given that significant stygofauna have been previously reported from the 
Callide Valley alluvial aquifer, and are now known from the Biloela formation, a second 
stygofauna survey that is consistent with a full survey of Guidance Statement 54 is 
recommended to confirm the lack of significant communities within the site.  It is 
recommended that repeated sampling for stygofauna be undertaken at selected bores 
within the Boundary Hill Expansion site, and at bores in alluvial areas directly to the west 
of the site, as this section of the Callide Valley alluvial aquifer is the most likely 
groundwater system in the vicinity of the Boundary Hill Expansion site to contain diverse 
and abundant stygofauna communities.  This would provide a more robust assessment of 
stygofauna, and enable better understanding of the implications of stygofauna for the 
Boundary Hill Expansion Project, especially considering that modelling indicates 
decreases in the water table in the site of up to 10 m.  In particular, if it can be 
demonstrated that significant stygofauna occur in alluvial areas to the west of the site 
where the groundwater studies show that groundwater levels will not be impacted by the 
Boundary Hill Expansion Project, then it can be concluded with confidence that the Project 
will not threaten any stygofaunal species or community.  It is also recommended that 
water quality data for groundwater at each bore is collected during the repeat survey, as 
existing water quality data is five years old.   

Although significant stygofauna were not found within the site, and there is no requirement 
to undertake a second survey of stygofauna under the Queensland TOR, it is 
recommended that generic impact mitigation strategies are implemented, including 
minimising dewatering, the depth of excavation, the area of land compacted by heavy 
machinery, and disturbance to vegetation within 20 m of a water table, and ensuring 
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chemicals and fuels are stored and handled in accordance with relevant Australian 
Standards.   

 



frc environmental 

Boundary Hill EIS – Stygofauna Pilot Study 22 

7 References 

AARC, 2010, Alpha Coal Project Stygofauna Survey, report prepared for Hancock 
Prospecting Pty Ltd. 

ALS, 2011, Codrilla Stygofauna Report- Round 2, report prepared for McCollum 
Environmental Management Services. 

ALS, 2012, ALS Stygofauna Pilot Study at The Range, report prepared for ELP Muddy 
Boots. 

Boulton, A.J., Fenwick, G.D., Hancock, P.J. & Harvey, M.S., 2008, 'Biodiversity, functional 
roles and ecosystem services of groundwater invertebrates', Invertebrate 
Systematics 22: 103-116. 

Boulton, A.J., Humphreys, W.F. & Eberhard, S.M., 2010, 'Imperilled subsurface waters in 
Australia: biodiversity, threatening processes and conservation', Aquatic 
Ecosystem Health and Management 6: 41-54. 

Cook, B.D., Abrams, K.M., Marshall, J., Perna, C.N., Choy, S., Guzik, M.T. & Cooper, 
S.J.B., 2012, 'Species diversity and genetic differentiation of stygofauna across 
an alluvial aquifer in north-eastern Australia', Australian Journal of Zoology, in 
press. 

Eberhard, S.M., Halse, S.A., Williams, M.R., Scanlon, M.D., Cocking, J. & Barron, H.J., 
2009, 'Exploring the relationship between sampling efficiency and short-range 
endemism for groundwater fauna in the Pilbara region, Western Australia', 
Freshwater Biology 54: 885-901. 

Hancock, P.J. & Boulton, A.J., 2008, 'Stygofauna biodiversity and endemism in four 
alluvial aquifers in eastern Australia', Invertebrate Systematics 22: 117-126. 

Hancock, P.J., Boulton, A.J. & Humphreys, W.F., 2005, 'Aquifers and hyporheic zones: 
towards and ecological understanding of groundwater', Hydrogeology Journal 13: 
98-111. 

Harvey, M.S., Rix, M.G., Framenau, V.W., Hamilton, Z.R., Johnson, M.S., Teale, R.J., 
Hunphreys, G. & Humphreys, W.F., 2011, 'Protecting the innocent: studying 
short-range endemic taxa enhances conservation outcomes', Invertebrate 
Systematics 18: 1-10. 



frc environmental 

Boundary Hill EIS – Stygofauna Pilot Study 23 

Matrix+ Consulting, 2007, Boundary Hill Mine Extension Project: Hydrogeological 
Assessment, report prepared for Anglo Coal. 

SKM, 2008, Fitzroy Basin Water Resource Plan Amendment – Callide Catchment 
Groundwater Project, report prepared for Queensland Natural Resources and 
Water. 

Tomlinson, M. & Boulton, A., 2008, 'Subsurface Groundwater Dependant Ecosystems: a 
Review of their Biodiversity, Ecological Processes and Ecosystem Services', 
Waterlines Ocassional Paper No. 8, National Water Commission. 

WRM, 2009, API Aquila: Baseline Aquatic Ecosystem Survey.  Unpublished, report 
prepared for Australian Premium Iron. 

 

 


	Anglo Boundary Hill South EIS covertabs ELEC A4 Oct 30_Part52
	Appendix Q2 - Stygo Fauna Technical Report
	Appendix Q2_TR - Stygofauna
	111103Rii
	111103Rii_stygo_13-02-08_1014_TP
	111103Rii.3



