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Executive summary 

The extraction of coal and gas from coal seams often intersects aquifers with the potential 

consequence of changing the volume, quality, pressure and movement of groundwater. While 

such hydrological changes are well understood and can be modelled relatively accurately, the 

effects of these changes on the ecosystem that exists within aquifers are not well known and, 

accordingly, are difficult to predict.  

Once considered devoid of life, aquifers in Australia and worldwide are increasingly being 

recognised for their biodiversity. The invertebrates inhabiting aquifers, commonly referred to as 

stygofauna, are diverse and are morphologically and physiologically different from even closely 

related surface-dwelling species. It is the unique invertebrate fauna that may be at risk from the 

effects of mining activities. 

The CSIRO was commissioned by ACARP to provide a review of the status of knowledge regarding 

stygofauna diversity, ecology and biogeography within Australia and to identify potential hazards 

and issues that may arise due to dewatering of aquifers and coal seams as part of mining 

operations and coal seam gas extraction. The objectives of this study were to 

• undertake a desktop review of the state of knowledge and information available on the 

distribution and ecology of stygofauna in Australia and overseas (Sections 2 and 3); 

• develop a preliminary identification of the potential hazards of dewatering on stygofauna 

(Section 4); and  

• examine regional water balances associated with groundwater use in major production 

regions (Bowen, Surat and Hunter Regions) (Section 5);  

• provide a survey of knowledge gaps, research priorities and recommendations for future 

research (Section 6).   

Stygofauna are found in aquifers across Australia, predominantly in aquifers with large (mm or 

greater) pore spaces, especially alluvial, karstic and some fractured rock aquifers. The size of the 

pore spaces is a key determinant of the suitability of an aquifer as stygofauna habitat. Stygofauna 

have been recorded occasionally in coal seam aquifers, particularly where those aquifers are 

hydrologically connected to a shallow alluvial aquifer. 

‘Stygofauna’ as a term encompasses a variety of different types of organisms that are found in 

groundwater, and includes animals that are obligate, groundwater-adapted organisms 

(stygobionts), and those that are not specifically groundwater-adapted but are able to survive the 

harsh conditions in aquifers (stygoxenes). Stygofauna are dominated by crustaceans, but also 

includes beetles, snails, mites and a variety of worms, and include groups that are only found in 

groundwaters.  

The diversity of stygofauna in Australia is comparable to that of other regions of the world with 

more than 4000 groundwater-adapted stygobionts estimated to occur in Australia.  The 

stygofauna of Australia reflect those types of organisms found elsewhere in the world, and indeed, 

the current global distribution of some species of stygofauna reflect past geological epochs, in 

which Australia was part of the supercontinents Pangaea and Gondwana.  
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Stygofauna are adapted to conditions of constant temperature, no sunlight, and low nutrient 

(particularly carbon) and oxygen content in the groundwater environment. The aquifer food web 

is based on inputs of carbon and nutrients that filter from the surface and so stygofauna are most 

abundant in shallow aquifers where food supply and oxygen are generally more plentiful. Their 

abundance decreases with depth and distance along groundwater flow paths as nutrient supplies 

also decline. Stygofauna are rarely found more than 100 m below ground level nor where 

dissolved oxygen concentrations in the groundwater are less than 0.3 mg O2/L. Stygofauna are 

found across a range of water quality conditions (from fresh to saline), but most common in fresh 

and brackish water (electrical conductivity (EC) less than 5000 µS/cm). 

The coal mining industry and the rapidly growing coal seam gas industry can, through their 

activity, reduce groundwater levels, and may pose a threat to stygofauna in the major production 

areas such as the Condamine-Balonne, Fitzroy (Surat and Bowen geological basins) and Hunter 

catchments. Aquifer depressurization and water level drawdown impacts are predicted for the 

confined and alluvial aquifers in the Surat and Bowen Basins, with the greatest drawdown 

predicted to occur in the Walloon Coal Measures and neighbouring confined aquifers. Water level 

drawdown is also plausible in the Condamine Alluvium. The long-term drawdown predicted for 

Walloon Coal Measures is 150 m. Both the Walloon coal measures and the Condamine alluvium 

support stygofauna. Similarly, changes to groundwater levels in the Hunter alluvium are likely to 

threaten the diverse stygofauna assemblages known from the region. A region-scale cumulative 

groundwater impact assessment for the Hunter catchment is currently being undertaken through 

the Bioregional Assessment programme of the Australian Government. 

Stygofauna are particularly sensitive to groundwater environment disturbance because they are 

adapted to near steady-state environment conditions and have very narrow spatial distributions. 

Changes to such conditions, particularly groundwater levels, groundwater quality and or changes 

in aquifer pore media, are a threat to stygofauna. Under groundwater drawdown, stygofauna can 

be stranded and have limited ability to survive in unsaturated conditions for more than 48 h. 

However the effects of changes in aquifer pressure on stygofauna are unknown. Stygofauna are 

also sensitive to changes in water quality that deviate from the natural background conditions. 

Stygofauna also have limited capacity to recover from such disturbances because they have low 

mobility and low reproductive rates meaning recolonisation will be slow. 

From our review of the literature and identified threats posed by mining and CSG activities, we 

have identified a number of knowledge-deficient issues. These are: 

• the effects of water level drawdown and depressurisation on stygofauna; 

• the role of coal seams as stygofauna habitat; 

• water quality tolerance of stygofauna – toxicants and physico-chemical stressors; 

• groundwater foodwebs as a pathway to impact stygofauna; 

• taxonomy and distribution of stygofauna species; and 

• links between hydrological modelling and impacts on stygofauna. 

Research and new knowledge in these areas will inform and improve the risk assessments for 

groundwater ecosystems that are increasingly necessary as part of mining developments. Further, 

promoting and supporting research in these areas will promote the coal industry as a leader in the 

sustainable management of aquifers and biodiversity.
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1 Introduction 

Aquifers are a vital element of the natural, social and economic landscape of Australia. In the 

driest inhabited continent on Earth, aquifers are the primary source of water to many 

communities and industries, and support a diversity of ecosystems above and below ground that 

are partly or fully dependent on groundwater (Eamus et al., 2006). These include the iconic red 

gum forests of the Murray–Darling River system and the artesian mound springs across the central 

arid zone. 

However, the ecosystem within the aquifer itself is perhaps the most diverse and unique. This 

ecosystem type is also one of the least studied globally. The movement of water through the 

subsurface sediments creates a mosaic of aquatic habitats which are inhabited by a unique suite of 

micro- and macro-organisms, many of which are not found in surface aquatic environments. Only 

in recent decades has the true biological diversity of aquifers begun to emerge, both in Australia 

and globally.  

Groundwater abstraction, particularly associated with mine or coal seam gas operations (CSG) 

dewatering activity, can potentially threaten groundwater dependent ecosystems, including those 

which occur within aquifers. Yet these industries are an important contributor to the Australian 

economy. Coal extraction and related industries contribute 3.1% of the annual GDP (Davidson and 

DaSilva 2013). Coal provides around $40 billion in export income annually, supports 170,000 jobs 

and provides the raw materials for 75% of the nation’s energy through coal-fired power stations 

(Davidson and DaSilva 2013, MCA indet.). Community expectations are that the extractive 

resource industry adheres to sustainability principles, which requires a robust evidence base and 

assessments of potential risks.  

One of the emerging areas where knowledge is lacking is characterisation of aquifer ecosystems 

and associated risks to these ecosystems from extractive industry operations. Hence the purpose 

of this project is to provide advice to the Australian Coal Industry Research Program (ACARP) on 

the status of knowledge regarding stygofauna diversity, ecology and biogeography within Australia 

and to identify potential hazards and issues that may arise in the future due to dewatering of 

aquifers and coal seams as part of mining operations and coal seam gas extraction. Despite 

stygofauna being recognized as a focal issue for environmental consideration under the 

Queensland Environmental Impact Statement Guidelines and Western Australian Environmental 

Impact Assessment process, current ability to understand and subsequently predict impacts of 

dewatering/depressurization of aquifers on stygofauna communities is very limited.  

This report provides an overview of the state of knowledge for stygofauna biology in Australia and 

internationally (Chapters 2 and 3) and explores the potential issues arising from the extraction of 

groundwater as part of extractive industry operations (Chapter 4 and 5). The report also offers a 

knowledge gaps analysis, identifies potential priority research areas, and makes recommendations 

for future research.     

Mining and CSG are targeting the same resource but do so in different ways and in different 

locations. There are many similarities in the impacts associated with these activities, particularly 
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with regard to the general effects on water resources and aquifers. However, the location (depth) 

and spatial scale of impacts of these operations differ considerably. In this report we have 

considered the following as general differences in the activities and impacts in these two 

operations. In short, coal mines sometimes cause greater groundwater drawdown impacts on a 

local scale than do CSG operations while CSG operations have a larger foot print of impact. More 

specifically:  

 

1. Coal mining generally targets shallower resources than does CSG operations. The maximum 

depths of open cut coal mine are generally around 70 to 80 m and underground mining depths are 

typically in the range of 200 to 600 m (Commonwealth of Australia 2014a). Most CSG activities 

target coal seams at depths of 300 to 1000 m below ground surface (Commonwealth of Australia 

2014b).  

2. Coal mining (both underground & open cut) intersects shallow aquifers with open voids 

allowing groundwater ingress and affecting aquifers above and immediately below the coal seams. 

CSG operations that access specific coal seams via closed pipes should have little effect on shallow 

aquifers but may have effects on aquifers at depth. 

3. Coal mining operations tend to have smaller footprints than CSG operations. For example, 

Moran and Vink (2010) report 105 CSG tenements in the Murray-Darling Basin with a total area of 

18,903 km2 (average 1890 km2). The footprints of coal mines are typically < 50 km2. CSG 

tenements by different proponents are often located close to each other, producing cumulative 

drawdown impacts which extend over hundreds of kilometres. Coal mines by different proponents 

are generally not close enough together to produce cumulative effects (although current 

proposals for the Galilee Basin may be an exception). The drawdown impacts by each individual 

mine are thus limited within tens of kilometres from the mine pit. 
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2 Diversity and distribution of stygofauna 

Key points 

• Stygofauna are found throughout Australian aquifers, including those within the major coal 

production regions. 

• The diversity of stygofauna in Australia is comparable to that of other regions of the world.  

• The diversity of stygofauna in Australia reflects the geological history of the continent.  

• Stygofauna are dominated by crustaceans, but also includes beetles, snails, mites and a variety 

of worms. 

• A number of stygofauna groups are found only in groundwater environments and not in surface 

waters. 

• Stygofauna are adapted to groundwater environments and conditions of constant temperature, 

no sunlight and low nutrients and oxygen content.  

• Stygofauna from different groups have evolved a variety of attributes such as lack of eyes and 

body pigments, hardened body parts, and long, thin (worm-like) body shapes as an adaption to 

the groundwater environment.  

• Stygofauna have low metabolic rates and low reproductive rates relative to surface species, 

which makes them physiologically different from even related surface species, and enables them 

to survive in the low energy, low oxygen groundwater environment. 

2.1 Background 

Stygofauna live in groundwater systems or aquifers. Until recently, aquifers were considered to be 

devoid of life, but research in Australia and globally is highlighting a rich microbial and 

invertebrate fauna inhabiting subterranean environments. The limited supply of carbon reaching 

groundwater restricts the productivity of the ecosystem considerably, and constrains pristine 

aquifers to generally being low-energy environments, with, low biomass and low abundance of 

microbial and invertebrate fauna. Consequently, stygofauna live in environments with limited food 

supply. 

With the exception of the occasional chemoautotrophic bacteria, groundwater ecosystems 

generally lack primary producers (such as plants or algae that cannot grow in the dark). It is thus 

the bacteria and fungi that use the carbon dissolved in the groundwater that are the basis of the 

simple food web (Humphreys 2006). Within the simple food web, microbes tend to occur as single 

cells or small colonies that are distributed sparsely and are mostly attached to sediments rather 

than being free-living (Gounot 1994; Griebler et al., 2002; Griebler and Lueders 2009; Anneser et 

al., 2010). Healthy, undisturbed aquifers tend to have very low microbial diversity and activity 

relative to surface waters (Griebler and Lueders 2009), due mainly to naturally low concentrations 

of nutrients, carbon and oxygen (Gounot 1994).  
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In aquifers where the sediments provide sufficient pore spaces, micro-fauna such as Turbellaria, 

Rotifera, Nematoda and Protozoa (Humphreys 2006) and larger meio-fauna may be present. The 

meio-fauna is generally dominated by crustaceans but may include insects, nematodes, molluscs, 

oligochaetes and mites. The crustaceans include Copepoda, Syncarida, Amphipoda, Isopoda and 

Ostracoda (Fig 1), as well as the Remipedia, Thermosbanacea and Speleaogriphacea which are 

groups found only in groundwater. Insects are relatively uncommon in groundwater (Humphreys 

2006) although diverse coleopteran (beetle) assemblages have been recorded in some parts of 

Australia (Cooper et al., 2002; Leys et al., 2003, Watts et al., 2007). Stream insects can also migrate 

through alluvial aquifers and can be found in aquifers remote from surface waters (e.g. Stanford 

and Ward 1988).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Common crustacean stygofauna groups A. Cyclopoid copepod, B. Harpacticoid copepod, C: Amphipod, and 

D. Syncarid. 

(Photo: A,C,D Kathryn Korbel, B Grant Hose)  

 

Groundwater invertebrates are often highly-adapted to conditions in the groundwater 

environment. The dark, space-limited aquifer environment has shaped the evolution of 

groundwater fauna, with species from different biological groups having independently evolved 

common morphological traits such as lacking eyes, having hardened body parts, lacking body 

pigments, and having worm-like body shapes and enhanced non-ocular sensory appendages 

(Humphreys 2006). These traits are generally shared by stygobionts (stygobites), which are 

defined as being those organisms that are obligate groundwater inhabitants for some or all of 

their life (Sket 2008). While the conditions of the groundwater environment favour those 

organisms so adapted, surface dwelling taxa can also often survive. Surface-dwelling species that 

A. 
B. 

C. D. 
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complete some or all of their life cycle in groundwater are referred to as stygophiles, whereas 

those found accidentally in groundwater are referred to as stygoxenes (Sket 2008). Typically, it is 

the stygobionts and stygophiles that are referred to collectively as stygofauna. 

In terms of stygobionts, groundwater ecosystems are typified by having few species at any one 

locality and consequently low diversity and short food chains. However, the isolation of aquifers 

and limited dispersal abilities of groundwater organisms has created a fauna dominated by short-

range endemic species (Harvey 2002), i.e., species with very narrow geographic ranges. This 

means that while there are few species within a locality, there are often many species across 

localities (Humphreys 2008). However, this trend is not evident in microbial assemblages which 

appear to be much more widely distributed (Griebler and Lueders 2009). 

Vertebrates are rare in groundwater both in Australia and globally, and because of their large size, 

tend to be limited to karst aquifers where large water-filled voids exist. There are only two species 

of groundwater-adapted vertebrates known in Australia. These are the blind cave eel, Ophisternon 

candidum (Mees 1962) (Synbranchiformes: Synbranchidae) and the cave gudgeon, Milyeringa 

veritas Whitley 1945 (Perciformes: Eleotridae). These species co-occur in the karst of Cape Range 

(Humphreys 2006) and Barrow Island (Humphreys et al., 2013), north-western Australia. With 

vertebrates rare, invertebrates are often the highest trophic level in groundwater ecosystems. 

2.2 Global diversity 

In the year 2000, there were over 7800 known stygofaunal species known globally (Juberthie 

2000). However, large research efforts in Australian (see Guzik et al., 2010) and European karst 

regions showed that this number is an underestimation. In 2010, Guzik et al., reported some 770 

stygofauna taxa known in the west of Australia alone. From this they predicted that around 80% of 

the groundwater fauna are unknown, and the true richness for the region may be as high as 4140 

stygobitic1 species. Considering this, and also that the diversity of stygofauna in the eastern states 

is largely unexplored, it is likely that Australia is globally significant in terms of stygofauna 

diversity. 

2.3 Australian diversity 

The biota of Australian groundwater ecosystems reflects the history and evolution of the 

continent. Many groundwater fauna are descendants of species that were once common in 

surface environments but sought refuge in the stable groundwater environment as past climates 

changed. As a result, elements of the Australian groundwater fauna reflect the various stages in 

the evolution of the continent (Hose et al., 2015). Starting with the breakup of Pangaea and 

Gondwana, the drift north and the progressively drying climate, the early and continued 

emergence of large parts of the Australian continent from the sea, and the more recent evolution 

of the east coast landscapes, have all been key stages in the evolution of groundwater fauna and 

the causes of its high diversity of in Australia.  

                                                           

 

1 1 Species restricted to subterranean groundwater habitats 
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It appears that glaciation that occurred across much of northern Europe has been a key event in 

the evolution and subsequent diversity of stygofauna in that region (Guzik et al., 2010). 

Unfavourable climates and glaciation during the Pleistocene forced surface fauna into 

subterranean environments, and the subsequent isolation has given rise to a diversity of 

subterranean species (Humphreys 1993). The Australian continent was little influenced directly by 

glaciation during the Pleistocene, although the aridity of the Australian continent during the 

Pleistocene may have also pressured invertebrates to seek subterranean environments. Australia 

was long considered depauperate of specialised groundwater fauna, but extensive surveys of 

caves and aquifers since the 1990s, particularly in Western Australia, Tasmania and New South 

Wales, have highlighted a great range of subterranean animals in both terrestrial and aquatic 

habitats and very high biodiversity at both landscape and continental scales (Humphreys 2008, 

2012; Guzik et al., 2010).  

2.3.1 The evolution of the Australian continent and its groundwater fauna 

The arid interior 

As the Australian continent was part of the supercontinent of Pangaea during the Palaeozoic 

(~550-250 My BP) a large area of Western Australia, referred to as the Western Shield, emerged 

from the sea.  Unlike much of Australia that has seen various marine inundations over subsequent 

millennia, the Western shield has remained emergent since that time. 

The Western Shield is a mineral-rich region of Western Australia that includes the Yilgarn and 

Pilbara regions. Surveys of the Pilbara region associated with mineral resource development 

projects highlighted a diverse subterranean aquatic fauna inhabiting non-karst and non-alluvial 

aquifers, such as fractured rocks. The 220,000 km2 Pilbara region is now recognised as a highly 

diverse region for stygofauna. This is particularly the case for the crustacean order Ostracoda, 25% 

of the known species of the family Candonidae coming from this region (Reeves et al., 2007; 

Humphreys 2012; Karanovic 2012). The great known diversity in this ostracod group, and indeed 

others, may reflect the great intensity of research and survey work in this region (see Halse et al., 

2014). 

Although the Pilbara and Yilgarn subterranean fauna regions are contiguous, they have very little 

overlap of taxa, even at the genus level (Hose et al., 2015). The reason for this disjunction in the 

composition of the fauna is unclear and is difficult to reconcile given that the entire Western 

Shield has been emergent and shared a similar geological history at least since the Palaeozoic. 

Within the Yilgarn region, a diverse fauna comprising diving beetles (Dytiscidae) and crustaceans, 

such as Amphipoda, Isopoda, Bathynellacea and Copepoda, was discovered in small, isolated, 

karstic calcrete aquifers (Guzik et al., 2008, 2009, Bradford et al., 2010, Karanovic et al. 2013). 

Calcretes are shallow (10-20 m thick) carbonate deposits formed by near-surface evaporation of 

carbonate-rich groundwater. Hundreds of isolated calcrete bodies exist in the region, occurring 

upstream of salt lakes (playas) along ancient palaeovalley systems. Groundwater and episodic 

surface flows have resulted in dissolution of the carbonates and the formation of karstic 

groundwater habitat (Humphreys et al., 2009). 

The identification of much of the stygofauna collected in the Yilgarn is ongoing, but studies to 

date, including molecular phylogenetic and phylogeographic analyses of the beetles, amphipods 
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and isopods, have shown that the many species found are often restricted in their distribution to 

single calcrete bodies, leading to the description of the calcrete system as a subterranean 

archipelago (Cooper et al., 2002, 2007, 2008; Leys et al., 2003, Watts and Humphreys 2009). 

Molecular clock analyses suggest that these stygobitic lineages evolved 5-8 My BP, during the 

period of increasing aridity on the Australian continent, and, consequently, widespread 

disappearance of rainforest and permanent sources of water from the interior of Australia. This 

climatic and habitat change is considered as the primary driver for the colonisation of the 

subterranean realm, as aquifers became a refugium from the drying surface environments. 

Many of the groups of aquatic organisms found in the Yilgarn calcretes are also found in other 

Australian arid zone freshwater “refugia”. These include the wetlands associated with mound 

springs of the Great Artesian Basin in South Australia, which contain isopod and amphipod 

crustaceans that are related to species found in the calcretes (Murphy et al., 2009). Calcretes of 

the Ngalia basin, northwest of Alice Springs in the Northern Territory, also harbour many of the 

taxa found in the Western Australian calcretes, including dytiscid beetle species (e.g. Balke et al., 

2004) and a diverse Haloniscus isopod fauna (S. Taiti, unpub. data).  

Research of alluvial aquifers of the Flinders Ranges and Eyre Peninsula in the South Australian arid 

zone has also unearthed a diverse stygofauna including a dytiscid beetle (Leys et al., 2010) and 

parabathynellids (Abrams et al., 2013). Amphipoda (family Chiltoniidae) are also particularly 

diverse in these groundwater systems, and also suggest connections between once connected, 

now isolated freshwater systems (R. King and R. Leijs Pers. Comm.). 

 

Tethyan Connections 

The Tethys Sea formed during the Jurassic period as the supercontinent Pangaea began to break 

up and Laurasia moved northward and separated from Gondwana. The Pilbara-Ningaloo coast in 

Western Australia was once the coastline of the Tethys Sea. The fauna in the anchialine habitats of 

the Pilbara-Ningaloo coast have a close affinity to those in other anchialine habitats in the Canary 

Islands and northern Caribbean which were also on the Tethys coastline. 

Anchialine systems are groundwaters that are affected by marine tides, usually with little or no 

surface exposure (Iliffe 2000). In Australia, anchialine systems occur in small karst areas along the 

coast at Ningaloo Reef, Barrow Island and the adjacent Pilbara coast in north-western Australia. 

The groundwater in these areas is highly stratified, with brackish water overlying sea water. The 

groundwater level fluctuates with tides and the environment is in total darkness (Jaume and 

Boxshall 2009).  

The deeper marine waters of the Australian anchialine systems includes many unique taxa. The 

Bundera Sink hole in Cape Range is the only known location of the Cape Range remipede 

(Kumonga exleyi) (Yager and Humphreys 1996). Remipedes are a unique class of Crustacea first 

described from the Caribbean in 1981 and known only from anchialine environments. The 

Bundera sinkhole is also the type location of the unique copepods from the Misophrioida and 

families Epacteriscidae and Ridgewayiidae 

Halosbaena tulki is a shrimp-like crustacean in the Order Thermosbaenacea that is one of the 

many unique stygobionts in the region that share the ‘Tethyan’ distribution. Thermosbanaceans 
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are characterised by the females brooding their eggs in a pouch on their back instead of beneath 

the body. H. tulki was recorded from the Pilbara region (Eberhard et al., 2009) and is the only 

member of the order known from the Southern Hemisphere. The Pilbara region also supports a 

number of unique copepod taxa such as Stygocyclopia australis and Speleophria bunderae that 

share the Tethyan affinities (Juame et al., 2001). The subterranean atyid shrimps of the genus 

Stygiocaris that are found in the region are only distantly related to the other atyid shrimps in 

Australia, but are much more closely related to species that occur in anchialine habitats in Mexico 

and the Carribean (Page et al., 2008; von Rintelen et al., 2012, Botello et al., 2013).  

Gondwanan associations 

A number of stygobiont crustacean taxa have current distributions that reflect a common ancestry 

and distribution across the supercontinent Gondwana. These include the phreatoicid isopods, 

bathynellid syncarids and Spelaeogriphacea. 

The crustacean order Spelaeogriphacea comprises four species of stygobionts. These are currently 

known from caves in Cape Town, South Africa, in Mato Grosso do Sul, western Brazil, and two 

species in the Fortescue Valley, Pilbara. All living spelaeogriphaceans occur in geological 

formations that are Cretaceous (145-65 Ma BP) or older. The colonization of Gondwanan 

freshwater by the Spelaeogriphacea is likely to have occurred after the retreat of the Gondwanan 

ice sheet (after 320 Ma BP) and prior to the breakup of Gondwana (142-127 Ma BP) (Jaume 2008). 

Phreatoicidean isopods have a Gondwanan distribution and occur widely across southern 

Australia, in tropical Arnhem Land and the Kimberley. Their distribution is strongly associated with 

the areas of the continent that were not submerged by Cretaceous seas (Hose et al., 2015). The 

blind hypogean species of the isopod family Hypsimetopidae known from mainland Australia and 

Tasmania are closely related to the hypogean genera found in India, which separated from the 

western shore of Australia around 130 My BP (Wilson 2008). 

Phreatoicids of the genus Crenoicus, are found in wetlands and swamps along the great dividing 

range of eastern Australia (Wilson and Ho 1996), often in areas that coincide with coal mining 

activities. These species are more closely related with those from South Africa than the 

Hypsimetopidae in western Australia and India (Wilson 2008), and suggest dispersal across 

Gondwana prior to the separation of Africa around 154 My BP. Further diversification of the east 

Australian species occurred prior to the separation of New Zealand from Australia 80 My BP 

(Wilson 2008). 

Bathynellid syncarids are a common component of Australian groundwater biota. They are found 

only in groundwater and, as a group, have a global distribution suggestive of Pangean origins. 

However, most taxa have very limited distributions and many belong to monotypic genera so it is 

not surprising that their phylogeography shows strong continental affinities (Hose et al., 2015). 

Some genera such as Kimberleybathynella, Brevisomabathynella, Billibathynellla and 

Octobathynella are endemic to Australia (Schminke 2011), while some taxa, such as 

Atopobathynella are known from Chile, India and southeastern Australia, indicating affinities with 

eastern Gondwana.  Other Australian genera have a broader distribution, with Hexabathynella 

being found in eastern Australia, New Zealand, southern Europe, Madagascar, and South America.  
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Eastern Australia 

In contrast to the west of the continent, eastern Australia comprises relatively newer landscapes, 

having had marine inundations through the Cretaceous period, and overall a much more dynamic 

geological history than parts of the west (BRM Palaeogeographic Group 1990). Accordingly, Guzik 

et al., (2010) have predicted lower stygobiont diversity in the newer east compared to the older 

west. 

The groundwater fauna in eastern Australia is structurally similar to that in the west. The same 

higher taxa are present, although as expected given the geographical separation, taxa collected 

from eastern Australia often form separate lineages within continental phylogenies (e.g. Leys and 

Watts 2008; Abrams et al., 2013). Further, there appear to be differences in the relative 

abundances of different taxa. While amphipods and isopods are widespread across the west (e.g. 

Eberhard et al., 2009, Schmidt et al., 2007), they are encountered less frequently in the east (e.g. 

Hancock and Boulton 2008, 2009), which may reflect the history of marine inundations in the east, 

which elsewhere are considered to be responsible for the absence of some of the more ancient 

crustacean lineages of Amphipods and Isopods in the groundwater fauna (e.g. Bradbury 1999; 

Wilson and Johnson 1999). Instead, crustacean faunas are dominated by syncarids (Bathynellidae, 

Parabathynellidae and Psammaspididae) and harpacticoid and cyclopoid Copepoda (e.g. Cook et 

al., 2012, Schulz et al., 2013). Anaspidacea are only found in eastern Australia (Hobbs 2000), with 

several families found across the region (Serov 2002). Hancock and Boulton (2008) reported 

stygobitic elmid and dytiscid beetles from the Hunter and Peel River valleys, NSW, (Watts et al., 

2007, 2008). Recent surveys associated with mining developments in the Hunter catchment have 

extended the know ranges of these genera (Eco Logical Australia 2013). There are no other records 

of stygobitic beetles inhabiting alluvium in Australia. Although diverse dytiscid water beetle 

assemblages are present in the calcretes of the Yilgarn (Leys et al., 2003, Watts et al., 2008), such 

beetles are rare in the east, and this rarity may reflect the lack of ancient karstic habitat.  

Karstic and limestone habitats are traditionally the hotspots of groundwater diversity, and these 

habitats are somewhat rarer in eastern Australia than in the western shield and throughout 

Europe. However, much of the karst of New South Wales is impounded and as such is geologically 

isolated, and in some cases is of Devonian origin (Osborne et al., 2006) so there is great potential 

for these environments to support novel taxa through such long isolation. To date 82 stygobitic 

species have been recorded in the east coast karsts (summarised in Thurgate et al., 2001). Caves 

of Tasmania and New South Wales have the most diverse groundwater faunas (Thurgate et al., 

2001), although this richness may also reflect the greater sampling effort in those states. The 

richness of most cave and karst regions in eastern Australia is low by world standards (Thurgate et 

al., 2001) but this may be a consequence of the small, impounded nature of these features.   

The deep alluvial deposits of the eastern Australia have yielded a rich fauna. Hancock and Boulton 

(2008) examined parts of the Peel and Hunter Valley alluviums in NSW, and the Burnett and 

Pioneer Valley alluviums in Queensland. The study recorded 87 taxa, with seven to 33 taxa per 

aquifer. Little (2014) surveyed the stygofauna in the alluvium of the Condamine-Balonne, Dawson 

and Lockyer Valley catchments in southern Queensland and reported between six and eight 

stygobiont taxa were heterogeneously distributed in each catchment. Further north, Cook et al., 

(2012) report stygofauna in a small number of bores sampled in the alluvium of Burdekin River 
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catchment in northern Queensland. They reported four distinct lineages within the Bathynellidae 

and a single lineage within the Parabathynellidae, as well as single taxa of Cyclopoida and 

Harpacticoida. Schulz et al., (2013) recorded Cyclopoida, Harpacticoida and Bathynellacea among 

bores in alluvial and fractured rock systems in the border rivers regions of NSW and Queensland, 

and it seems likely, based on the work of Cook et al., (2012), that this represents a number of 

distinct Bathynellacean taxa. Indeed, Asmyhr et al., (2014a) showed that genetic diversity among 

Bathynellacea in the Macquarie R catchment (NSW) can occur over very small spatial scales with 

intra-specific genetic structuring occurring over distances of less than 50 m.  

Tomlinson (2008) expanded on Hancock and Boulton’s (2008) survey of the Peel alluvium and 

reported 54 taxa of which 33 were obligate groundwater inhabitants. More recent surveys of the 

alluvial aquifers associated with inland rivers in NSW has yielded similar richness, with 20 taxa in 

the Gwydir (Korbel and Hose 2011; Korbel et al., 2013a), 15 in the Namoi (Korbel et al., 2013b), 

and ten taxa in a small area of the Macquarie River alluvium (Hancock and Boulton 2009). Asmyhr 

and Cooper (2012) report a range of taxa from a variety of aquifers across NSW, including the 

Macquarie River catchment. Similar higher taxa were recorded across all studies, but it was often 

the Acarina that were the most (morpho-) species-rich group. Although detailed species–level 

taxonomy has not been performed on many of the specimens collected in these studies, it is likely 

that each taxon represents a new species, with perhaps the exception of potential hydrologic 

connectivity and hence species overlap between the Peel and Namoi Rivers.  

Upland swamps are distinctive features of low-relief plateau areas in eastern Australia (Young 

1986; Dodson et al., 1994). They form in shallow depressions in the landscape and, fed by rainfall 

and regional groundwater, provide a unique, shallow groundwater ecosystem. Sampling of 

swamps in the Southern Highlands and Blue Mountains of NSW has identified assemblages 

variably dominated by harpacticoid and cyclopoid copepods, nematodes and ostracods, but also 

containing syncarids, mites and amphipods (Hose 2008; 2009; unpublished data). While not all 

species are likely to be stygobitic, these systems are potentially a diverse source of fauna. Initial 

studies show particularly fine-scale endemism, with swamps in the Southern Highlands separated 

by only several hundred metres containing genetically distinct harpacticoid copepod populations 

(Hose 2009). Similar patterns of endemism are likely in Blue Mountains swamps as seen in other 

taxa (e.g. Dubey and Shine 2010). 

The fractured rock systems of eastern Australia appear somewhat less diverse than those of the 

west (e.g. Eberhard et al., 2005), but nevertheless, stygofauna have been recorded in the fractured 

Triassic Hawkesbury sandstone to the north (11 stygobitic taxa, Hose and Lategan 2012, Asmyhr 

and Cooper 2012) and south of Sydney (three stygobitic taxa, Hose 2008, 2009), with the 

likelihood that each area contains locally endemic taxa. The assemblages are dominated by 

copepods (Harpacticoida and Cyclopoida), but syncarids are also common in some areas. The 

fauna appears spatially limited within the aquifers, and constrained to shallow water bearing 

zones (Hose pers. obs.). There is a clear need to extend these surveys to better describe and 

contextualise the diversity of this region. 

The coastal sand aquifers are a common feature of the east coast of Australia. The pore space 

provided by sand aquifers is generally too small to permit stygofauna, although sampling in the 

coastal sands of the Tomago-Tomaree, Woy Woy and Umina sand beds on the NSW central coast 

has revealed three stygobitic taxa (Hose unpub. data). Sampling of the heavily contaminated 
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Botany aquifer in Sydney did not reveal meiofauna, but diverse prokaryote and eukaryotes 

assemblages were present, with changes in assemblage structure evident and associated with the 

contamination gradient (Stephenson et al., 2013).  

Across the eastern half of the Australian arid zone, springs arising from the Great Artesian Basin, 

have created a series of unique wetlands that are recognised and listed nationally for their 

diversity values. The aquatic invertebrate fauna of the springs has a high degree of endemism (see 

review Commonwealth of Australia 2014c). Thirty-eight species of aquatic snails are endemic to 

the GAB, with many restricted to a single group of springs (Ponder 1995; Worthington Wilmer et 

al., 2008). The springs also support other unique and narrowly distributed aquatic invertebrate 

including isopods (Guzik et al., 2012), amphipods (Murphy et al., 2009, 2013), and ostracods 

(DeDeckker 1979).  

 
 

2.4  Stygofauna of major coal regions 

Stygofauna surveys are an increasingly common component of environmental impact statements 

for mining operations. Accordingly, there is a growing number of reports available publicly that 

record the stygofauna diversity of coal seams and associated aquifers across most of the major 

coal mining regions of Australia. The following descriptions of stygofauna in major coal basins is 

solely based on reports that are available publicly on mining company and government agency 

websites. A map of the major coal production regions is shown in Figure 2.  

2.4.1 Perth Basin, WA 

While iron ore production has led to a now detailed understanding of the stygofauna diversity of 

the Pilbara, a survey of the Enneaba region, north of Perth as part of the Central West Coal Project 

discovered an undescribed Bathynellid (Syncarida: Bathynellaceae; Bathynellidae) (WA EPA 2011). 

This taxon does not appear to be limited to the coal mining zone. 
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Figure 2. Major coal production regions of Australia and operating black and brown coal mines as at December 

2012. Source: Geoscience Australia. www.ga.gov.au/data-pubs/data-and-publications-

search/publications/australian-minerals-resource-assessment/coal 

2.4.2 Sydney Basin, NSW 

Available information on the stygofauna of the coal fields In the Sydney Basin is scarce. Surveys of 

stygofauna in the Illawarra region have been completed, but were not publicly available for 

inclusion in this report. However, surveys of fauna in swamps on the sandstone plateaux overlying 

parts of the southern coalfields have reported diverse stygobiont assemblages including syncarids, 

ostracods and harpacticoid and cyclopoid copepods (Bailey 2008, Hose 2008, 2009). Surveys of the 

regional fractured rock aquifers have unearthed a similar diversity of stygobionts (Hose 2008; 

2009). 

Expansion of Centennial Coal operations in the western coal fields near Lithgow has required 

surveys of stygofauna in the regional fractured sandstone aquifers, as well as in temperate 

highland peat swamps on sandstone occurring above the mines. Surveys of the swamps have 

yielded stygobiontic cyclopoid copepods, harpacticoid copepods and bathynellid syncarids, as well 

as Rotifera, Tardigrada and phreatoicid isopods (Cardno 2014a,b).  Copepods, mites and rotifers 
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were recorded in the local unconfined sandstone aquifer (Cardno 2014a,b).  Surveys of stygofauna 

have been undertaken associated with the Berrima Colliery operations but there are no publically 

available reports from those surveys. 

Despite existing CSG extraction operations and plans for expanding CSG production in the region, 

we are not aware of stygofauna surveys undertaken as part of these developments. 

2.4.3 Hunter Valley, NSW 

Extensive early work in the Hunter River catchment by Hancock and Boulton (2005; 2008), and 

more recently by Hose and Lategan (2012), Asmyhr et al., (2014b) and Lategan et al., (2012), have 

identified a rich stygofauna (including microbiota) in the region. This has been complemented by 

surveys associated with mine developments that have expanded the known ranges of several taxa 

(e.g. Eco Logical 2013b, 2013c, 2015). The majority of fauna has been collected from shallow 

alluvial aquifers, although Eco Logical Australia (2013c) report isopods and cyclopoid copepods 

being collected from a deeper aquifer linked to the mine workings. 

Available data for the Hunter region indicate that stygofauna have been recorded in bores with a 

standing water level between 3.8 and 14.9 m below ground level (bgl), EC between 804 and 9224 

µS/cm, circum-neutral pH conditions, and DO as low as 0.5 mg/L (Table 1).  

Table 1 Ranges of aquifer and water quality attributes of sites (bores) in major coal production basins at which 

stygofauna have been collected. 

LOCATION STANDING WATER 

LEVEL 

(M BGL) 

ELECTRICAL 

CONDUCTIVITY  

(µS/CM) 

pH 

 

DISSOLVED OXYGEN  

(MG/L) 

Hunter 3.8-14.9 804-9244 6.35-7.45 0.5-6.85 

Surat 1.8-30.8 758-6454 7.34-8.08 1.07-8.11 

Bowen 1.4-45.0 342-9975 6.39-10.27 0.93-6.54 

2.4.4 Gunnedah Basin, NSW 

Alluvial deposits of the Namoi and Gwydir River catchments support a well-studied stygofauna 

(Korbel et al., 2013a,b, Tomlinson 2008). Korbel et al., (2013a) and Tomlinson (2008) describe 

diverse assemblages in the alluvium of the Peel River and the Namoi River, upstream and 

downstream of the Maules Creek mining area respectively. ALS (2011c) provide a list of stygofauna 

collected from the Maules Ck area but the details of the sampling locations and methods used in 

these surveys are not provided. Maules Ck Community Inc. (unpub.) indicate that fauna have been 

collected from several bores in the Maules Creek area but do not provide detail on the fauna 

collected. 
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2.4.5 Surat Basin, QLD 

Repeated sampling of aquifers in the Horse Creek alluvium and Walloon coal measures near 

Wandoan in the Surat Basin, identified stygobionts (Subterranean Ecology 2012a; 2012b). The 

copepod Mesocyclops sp. and unidentified nematodes were collected from the Walloon coal 

aquifer while a number of copepods, oligochaetes, mites and a syncarid were found in the 

alluvium (Subterranean Ecology 2012a; 2012b). These fauna were collected from bores in which 

the standing water level ranged between 1.8 and 30.8 m below ground. The pH of the water was 

between 7.3 and 8.1, the EC ranged up to 6454 µS/cm in the coal measures and 2445 µS/cm in the 

alluvium. The bores had dissolved oxygen concentrations greater than 1 mg/L (Table 1). 

2.4.6 Bowen Basin, QLD 

There are a large number of studies of stygofauna associated with mining activity in the Bowen 

Basin. Several studies have identified stygofauna assemblages in alluvial aquifers that contain 

common stygobionts such as copepods, amphipods and syncarids (ALS 2011b, 2013a; AARC 2013a; 

Austral Research & Consulting 2014; Eco Logical Australia 2013a, QCoal Group 2013, frc 

environmental 2013b, GHD 2013).  Among these reports there have also been several records of 

stygobionts occurring in coal seams.  

GHD (2013) report unpublished records of harpacticoid and cyclopoid copepods and amphipods 

occurring in coal seams. The harpacticoid was collected from a shallow coal seam aquifer (50 m 

deep) that was connected to an alluvial aquifer and had relatively low salinity (<2000 µS/cm). The 

cyclopoid and amphipod were collected from a bore that tapped a shallow coal seam aquifer (Fort 

Cooper Coal Measures 59.5 m deep) in the northern Bowen Basin that had a high EC of 9975 

μS/cm (GHD 2013). 

From a review of 12 stygofauna studies with the Bowen Basin, the attributes of sites at which 

stygofauna were recorded are listed in Table 1. Stygofauna were most frequently recorded from 

alluvial aquifers but also from basalt aquifers and coal seams. Fauna were recorded from bores in 

which EC was below 9975 µS/cm, pH was between 6.39 and 10.27, dissolved oxygen was at or 

above 0.93 mg/L and the standing water level was between 1.4 and 45.0 m bgl. 

2.4.7 Galilee Basin, QLD 

AARC (2011) report the collection of the stygobiontic syncarid Notobathynella sp. in the alluvium 

of Native Companion Creek and the cosmopolitan copepod Macrocyclops albidus. Studies by GHD 

(2012b) also found a species Notobathynella, along with a stygobiontic mites (Trombibiidae and 

two species of Pezidae) in a coal seam aquifer (89 m deep). The same study also reported a 

potentially stygobiontic copepod occurring in a high salinity (>21000 µS/cm) clay-dominated 

aquifer. 

2.4.8 Fitzroy Basin, QLD 

Several studies in the Fitzroy Basin (i.e. upper Dawson River, FRC Environmental unpublished data; 

upper Connors River, ALS 2012) have reported stygofauna as present within alluvial aquifers (FRC 

2013a). Two potentially stygobitic cyclopoid copepods, and five ostracods, were found from a bore 
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in the Callide Creek Catchment just north of Biloela within the Callide Valley alluvial aquifer (SKM 

2008). However, no stygofauna have been recorded in coal bearing formations (AARC 2010).  

 

 

2.4.9 Gippsland, VIC 

No publically available stygofauna survey reports are available in the Gippsland region. 
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3 Factors determining the presence of 
stygofauna in aquifers 

Key points 

• Stygofauna are predominantly found in aquifers with large (mm or greater) pore spaces, which a 

more common for alluvial, karstic and some fractured rock aquifers. 

• Stygofauna are found occasionally in coal seam aquifers. 

• The abundance and diversity of stygofauna typically decreases with depth below ground. Fauna 

are rarely found more than 100 m below ground level.  

• Stygofauna are found across a range of water quality conditions (from fresh to saline), but most 

common in fresh and brackish water (electrical conductivity less than 5000 µS/cm). 

• Stygofauna are rarely found in hypoxic groundwater (< 0.3 mg O2/L.  

• Stygofauna are more abundant in areas of surface water-groundwater exchange, compared to 

deeper areas or those further along the groundwater flow path remote from areas of exchange 

or recharge. 

 

3.1 Background   

Groundwater ecosystems are unique environments, with physical environments differing greatly 

from surface water environments. The major physical differences are temperature; the habitat 

matrix; and a low energy environment. 

1. No sunlight: the groundwater environment is dark and groundwater temperature is 

constant below approximately 10 m bgl.  

Without sunlight there is often little change in groundwater temperature over days, months and 

years.  This means that fauna have evolved under relatively stable thermal conditions and so may 

be sensitive to changes in the thermal environment. 

2. The available habitat and groundwater flow are determined by the pore spaces in the 

aquifer matrix.  

The pore spaces within an aquifer matrix are a critical determinant of whether the aquifer can 

support large-bodied organisms. The physical structure of the aquifer environment is determined 

by the local geology. Broadly speaking, there are three main types of aquifers, all of which occur in 

Australia. These are; fractured rock aquifers, karstic aquifers and alluvial aquifers. In fractured rock 

aquifers, water moves through cracks or fractures in consolidated material/bedrock. These 

aquifers occur commonly in granitic, basalt or sandstone bedrock. The size of the pore spaces in 

fractured rock depends on the properties of the parent rock and the processes that have led to the 

fracturing, but typically these are narrow, ranging from sub-millimetre to centimetre scale. Karstic 

aquifers occur in soluble rocks such as limestone or dolomite, and, because of the solutional 
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processes from which they form, the void spaces within the aquifer can range from small pores to 

large caverns. Alluvial aquifers occur in unconsolidated sediments, often sands and gravels 

associated with river flood plains and deposits. The porosity of these aquifers is dependent on the 

particle size of the sediments.  

Typically, sand and silt dominated sediments have small pore spaces and few invertebrates. 

Coarse sand and gravel deposits, and large fractures or karstic voids commonly have pores large 

enough to support invertebrate fauna. 

3. Limited sources of nutrients to support living organisms  

Without sunlight there is no photosynthesis, so the ecosystem is largely dependent on external 

inputs of carbon, oxygen and nutrients, which predominantly arrive vertically with water filtering 

down through the soil from the surface above or laterally, from exchange with surface waters.  

The supply of these nutrients dwindles with distance from source, making the groundwater 

environment generally a low energy environment. 

The porosity of the aquifer matrix (i.e. hydraulic conductivity) and hydraulic gradients dictate the 

rate of water flow within an aquifer and thus the distribution and replenishment of nutrients (such 

as oxygen and carbon). In general terms, groundwater flow is slow and laminar, but also complex 

and rarely uniform, giving rise to an equally heterogeneous distribution of oxygen, nutrients and 

suitable habitat conditions within an aquifer, even at a small spatial scale.  

The geology of an aquifer also influences the groundwater quality. Contact of the groundwater 

with the sediments can change the water chemistry through dissolution of minerals, for example, 

dissolution of carbonates leading to high pH of groundwater in karstic aquifer systems. The origins 

of the geological formation making up the aquifer further influences the water quality, for 

example, with formations of marine origin often having high salinities. As such, water quality may 

vary considerably between aquifers. However, water quality conditions often do not vary greatly 

within aquifers. This means that fauna have evolved under relatively stable water quality 

conditions characteristic of their location and so may be sensitive to changes. 

In summary, within the unique physical environment, the likelihood of stygofauna occurring in an 

aquifer is determined by the following attributes: 

• aquifer type, geology and hydraulic conductivity;  

• groundwater depth and distance from exchange or recharge areas; and 

• water quality (including nutrient availability). 

3.2 Aquifer geology and hydraulic conductivity 

Differences in geology and aquifer type account strongly for differences in biota between aquifers 

(Hahn 2006, Stein et al., 2012, Johns et al., 2015). Stygofauna are known to occur in alluvial, 

limestone, fractured rock, calcrete aquifers and coal seams in Australia and whilst evidence 

suggests that the composition of the fauna differs with aquifer type, regional or continental-scale 

comparisons of aquifer types have not been explicitly made. 

The structure of the aquifer matrix, the particle size and composition of hosting material influence 

the size of interstitial spaces and thus the suitability of an aquifer as stygofauna habitat (Hancock 
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et al., 2005; Humphreys 2008). There are few data that relate the presence of stygofauna to 

quantified attributes of the aquifer matrix. Korbel and Hose (2015) found the greatest numbers of 

stygofauna in samples from sites with coarse gravel/sand dominated alluvium and no large 

animals in sites with alluvial sediments dominated by clays and silts. Similarly, Hancock and 

Boulton (2008) found greater richness and abundance of stygofauna in areas of fractured rock 

aquifers and unconsolidated sediments where there were larger pore spaces. Korbel and Hose 

(2015) also reported more stygofauna were collected from bores from which large volumes of 

sediment were removed when sampling (by pump), which may reflect greater hydraulic 

conductivity and sediment mobility.  

Recent research has demonstrated the difficulties encountered by hyporheic amphipods in 

burrowing into sediments containing a high proportion of fine sediments (Vadher et al., 2015). 

Although analogous data are currently limited for stygofauna, laboratory studies clearly show a 

preference of stygobiontic amphipods for coarse rather than fine substrates (Hose pers. obs.).  

The size of the interstitial spaces also influences the hydraulic conductivity and flow of water, 

which controls the delivery of C and O2 throughout the ecosystem. Hahn and Fuchs (2009) rarely 

found stygofauna in areas with hydraulic conductivity (Kf) less than 10-4 cm/s. Table 2 shows the 

typical ranges of hydraulic conductivity in different aquifer types (Freeze and Cherry 1979). Based 

on the observations of Hahn and Fuchs (2009), it may be unlikely to expect stygofauna in coal 

seam aquifers. 

 

Table 2 Hydraulic conductivity (Kf) values for aquifer matrices of different geologies. 

ROCK FORMATION Kf RANGE (CM/SEC) 

Unconsolidated sediments 10-10 – 102 

Fractured Rocks 10-6 – 10-2 

Porous sedimentary rocks 10-8 – 10-4 

Karstic Limestone 10-4 – 100 

Coal seams 10-11 – 10-7 

 Source: Freeze and Cherry (1979) 
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3.3 Groundwater depth and distance from exchange  

Surface water to groundwater interactions are critical for the delivery of nutrients, such as carbon 

and oxygen, to aquifers (Datry et al., 2005). Nutrients concentrations decrease along groundwater 

flow paths, being greatest near areas of recharge and declining with depth and horizontal distance 

(Datry et al., 2005). With nutrients being generally more abundant close to the surface, there is a 

common trend of stygofauna richness and abundance also being greater in shallower (< 10 m 

below ground) rather than deeper areas of aquifers (Humphreys 2000; Hancock and Boulton 

2008). 4T (2012), in their review of stygofauna data from Australia, report that stygofauna have 

been found in bores with a standing water level 64 m below ground2. Indeed, stygofauna can 

occur at depths exceeding 100 m bgl, but assemblages are generally less abundant and diverse, 

and may include different taxa compared to those occurring at shallower depths (Humphreys 

2000; Datry et al., 2005).  

It has been shown widely that the richness and abundance of invertebrates decreases with the 

degree of surface water–groundwater exchange, i.e., with depth and increasing distance from 

exchange zones (Bork et al., 2009; Bretschko, 1992; Danielopol et al., 1997; Dumas et al., 2001; 

Hahn, 2006; Stanford and Ward, 1988; Strayer, 1994; Ward and Voelz, 1997).  Indeed, hydrological 

exchange between aquifer and surface water can be more important than other hydrogeological 

conditions in shaping stygofauna assemblages (Schmidt et al., 2007).  

However, areas remote from the riverine exchange can provide a more constant environment that 

better suits stygofauna. This was discussed by Mencio et al., (2014), who found greater richness 

and abundance of stygofauna in areas of Gwydir River alluvium (NW NSW, Australia) that had little 

riverine exchange compared with those areas having high riverine exchange. The latter results in 

more variable exchange zones most suited for stygoxene taxa. 

3.4 Water quality 

Water quality, including dissolved carbon, oxygen and other chemical constituents, is a key factor 

determining the suitability of the subterranean habitat for stygofauna. As discussed above, both 

natural and anthropogenic gradients in water quality influence stygofauna (Malard et al., 1996, 

Danielopol 2000) assemblages.  

Water quality and the ionic composition of the groundwater are influenced by geochemical 

characteristics of the aquifer-hosted formations due to dissolution of the parent rock. In some 

cases, the geological history and origin of the parent rock can influence water quality, particularly, 

for example, in areas previously inundated by sea waters, giving rise to saline geological strata and 

naturally saline groundwater. 4T (2012) in their review of stygofauna data from Australia, report 

that stygofauna have been found in hypersaline groundwater (86900 µS/cm), but are most 

commonly found at salinities below 10000 µS/cm. 

                                                           

 

2 It is a limitation of current data that depths from which stygofauna are collected are mostly referred to in terms of depth of water table (m bgl) or 

bore depth. The slot/screen depth of the bore provides the best indication of the depth at which stygofauna are occurring but this is rarely reported 

making comparisons of depth of collection between studies difficult. 
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Parent rock can also strongly influence pH, particularly for carbonate rocks. 4T (2012) in their 

review of stygofauna data from Australia, report that stygofauna have been recorded in 

groundwater with pH ranging from 4.3 to 8.5. 

Without photosynthesis, groundwater ecosystems are reliant on inflowing water for oxygen and, 

as are result, are generally low oxygen environments. Stygofauna are particularly adapted to low 

dissolved oxygen conditions (Mosslacher 1998, 2000).  4T (2012) in their review of stygofauna data 

from Australia, report that stygofauna have been recorded in groundwater with dissolved oxygen 

concentrations ranging from 0.2 to 15.3 mg/L. 

Seasonality and its influence on the hydrologic cycle may also have an effect on groundwater biota 

and its distribution. Groundwater ecosystems are generally buffered against seasonal changes in 

temperature, which are particularly strong drivers in surface environments. Nevertheless, seasonal 

changes in aquatic and terrestrial surface environments, such as changes in rainfall or river flow, 

or cropping and irrigation cycles, can strongly influence surface water and groundwater 

interactions (Brunke and Gonser 1997, Korbel et al., 2013a). In addition to seasonal changes, 

factors operating at the site scale (such as presence of phreatophytic trees, land use, and 

proximity to surface waters), also influence the distribution of groundwater biota (Jasinska and 

Knott 2000, Korbel et al., 2013a).  
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4 Regional water accounts associated with 
groundwater use 

Key points 

• The coal mining industry and the rapidly growing coal seam gas industry are two significant 

users of groundwater in the major production areas like Condamine-Balonne, Fitzroy and 

Hunter catchments. 

• Over 90% of Queensland’s future CSG associated water production is expected to be in the 

Condamine-Balonne catchment 

• Coal seam gas water production from the Surat and Bowen Basins in 2013-14 was 26 and 

5.5 GL respectively (Queensland Government, 2014). The water consumption by the 

operational coal mining projects in the Surat Basin is estimated to be between 3.6 GL/year  

and 11.9 GL/year (Kaye et al., 2012) 

• While CSG associated water production in the Hunter catchment is very small as the CSG 

industry there is still at exploration stage, the estimated water consumption by the coal 

mining industry is between 25.4 GL/year and 111.8 GL/year (Kaye et al., 2012) 

• CSG depressurization induced pressure and water level drawdown impacts have been 

predicted for the confined and alluvial aquifers in the Surat and Bowen Basins. The long-

term drawdown predicted for the coal bearing formation, Walloon Coal Measures, is 150 m 

(QWC, 2012). Water level drawdown are also plausible in the Condamine Alluvium. 

• Regional scale cumulative groundwater impact assessment for the Hunter catchment is 

currently being undertaken through the Bioregional Assessment programme of the 

Australian Government. 

4.1 Background 

In Queensland and New South Wales, coal mining and the rapidly growing Coal Seam Gas (CSG) 

industries are amongst the major stressors of groundwater in addition to agriculture and other 

industries.  While the coal mining has been in commercial operation for more than a century, coal 

seam gas operations are relatively new. The first commercial production of CSG in Australia 

commenced in 1996 at the Dawson Valley project adjoining Moura coal mine in Queensland 

(Australian Government, 2015). A complex suite of factors influences the development of mining, 

gas and other industries (including agriculture) and the rate of their expansion. All of the extractive 

industry sector have a stake in the water resources which is often conflicting amongst themselves 

and also with the environmental services offered by the water resource.  

In general, all aquifer-interfering activities in Queensland and New South Wales are regulated by 

relevant water management policies. In New South Wales this is the section 60I of the Water 

Management Act (2000) and in Queensland it is called The Water Act (2000). Water extraction 
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limits are set out for both surface and groundwater resources in the relevant water sharing plans 

(New South Wales) and water resource plans (Queensland). As of July 2014, the Queensland 

Department of Natural Resources and Mines released a Consultation Regulatory Impact Statement 

Strategic Review of the Water Act which outlines a proposal to give mining companies a statutory 

right to take associated water (water required to be extracted for mining purposes) subject to 

obligations to undertake monitoring and management of impacts (National Water Commission, 

2014) 

Australia’s national environment law, the Environment Protection and Biodiversity Conservation 

Act 1999 (EPBC Act) was amended in June 2013, to provide that water resources are a matter of 

national environmental significance, in relation to coal seam gas and large coal mining 

developments. This amendment implies coal seam gas and large coal mining developments 

require federal assessment and approval if they are likely to have significant impact on a water 

resource. The recent changes in this regulatory framework is in the context of increased stress on 

water resources caused by dynamically evolving coal mining and gas industries and the 

ramifications they have on the environment.  

The objective of this section is to assess regional water accounts in these major coal mining and 

coal seam gas development regions: the Surat and the Bowen Basins in Queensland and the 

Hunter region in New South Wales. In this context, the major components of water uses in the 

coal and CSG production areas, Surat and Bowen Basins and Hunter catchment are described in 

this section. Estimates of groundwater extractions by the agricultural, coal mining and coal seam 

gas industry are discussed. It may be noted that comprehensive hydrological analysis using surface 

water and groundwater models are required for the assessing the changes in the regional water 

balance and potential impacts on water dependent assets triggered by mining and coal seam gas 

development. Such assessment are currently being carried out for different regions in Australia 

through the Bioregional Assessment programme of Australian Government.   

4.2 Surat and Bowen Basins 

Currently, Australia’s largest known proven coal seam gas reserves are in the Bowen and Surat 

Basins in Queensland.  Figure 3 shows a map of the Surat and Bowen Basins in relation to the 

Condamine-Balonne and Fitzroy catchments. The Bowen Basin contains virtually all of the state’s 

hard coking coal and Surat Basin with its large resources of thermal coal continues to be explored 

for coal projects. As of 2010, the Surat and Bowen Basins together have around 33 recently 

commenced and advanced coal mines and the majority of them are open-cut mines (DEEDI, 2010; 

Kaye et al, 2012). The majority of the mines are in the Bowen Basin, with proposed projects also 

targeting the Surat Basin. 

Water resource management in these basins is largely implemented by the Condamine-Balonne 

Water Resource Plan and the Fitzroy Water Resource Plan. In Australia, over 90% of the future CSG 

associated water is expected to be generated in Queensland, largely in the Condamine-Balonne 

and Fitzroy water resource plan areas. Coal mining and coal seam gas development is active in 

parts of the Surat Basin in the Namoi catchment in New South Wales, but this region is not 

discussed in detail in this report.  
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The majority of the coal seam gas development from the Surat Basin occurs from the Walloon Coal 

Measures and is located within areas regulated by the Condamine-Balonne Water Resource Plan. 

The CSG development in the Bowen Basin is associated with the Bandanna Coal Seams, located 

within the Fitzroy Water Resource Plan Area. Hence, the water account for the Surat and Bowen 

Basins is presented in the subsequent sections in terms of the respective water resources plan 

areas: Condamine-Balonne and Fitzroy.  

4.2.1 Condamine-Balonne Catchment 

Condamine-Balonne catchment forms the head of the Queensland Murray-Darling Basin. A broad 

scale water account for the Condamine-Balonne catchment and the underlying Surat Basin is given 

in this section. Figure 4 provides an account of the annual water extraction (flux) by the 

agriculture, coal mining and CSG industries in the Surat Basin and the respective 

aquifers/formation from which water is extracted. All the aquifer formations are lumped together 

and shown as GAB aquifers in this schematic representation. It may be noted that water extraction 

from the surface water and groundwater sources are governed by different regulatory frameworks 

like water management plans which are applied for different geographic units. Thus, figures 4, 5 

and 7 does not represent the water balance components for any single water source/management 

unit.  
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Figure 3: Map of the Surat and Bowen Basins together with the Condamine-Balonne and Fitzroy surface water 

catchments. Part of the Bowen Basin underlies the Surat Basin. 

Water Resources 

The primary rivers in the Condamine-Balonne catchment are the Condamine, Balonne and Culgoa 

rivers. The estimated annual average flow in the Condamine-Balonne is 1,363 GL/year (Kaye et al., 

2012). The catchment has an estimated water storage capacity of 1,582 GL including 1,300 GL on 

the lower Balonne floodplain. The Condamine Alluvium is one of the most important groundwater 

source in the region and has been overexploited in the recent years. Other important groundwater 

sources include aquifers hosted in the main range and tertiary volcanic Basalt in the east of the 

catchment. The estimated groundwater use from the Main Range and Tertiary Volcanics 

Formations include 36.8 GL for agriculture, 2.7 GL for industrial, 5.9 GL for urban and 17.3 GL for 

stock and domestic use (Kaye et al., 2012). The Great Artesian Basin (GAB) aquifers are also 

reasonably developed close to the intake beds in this part of the Basin. 

Walloon coal measures in the target formation for coal mining and coal seam gas development in 

the Surat Basin. At some locations, hydraulic separation between the Walloon Coal Measures and 

Condamine Alluvium is thin and there is high likelihood that drawdown associated with coal and 

CSG depressurization impacts can propagate from the Walloon Coal Measures to Condamine 

Alluvium. Similarly the drawdown propagation can affect the water availability from the Main 

Range Volcanic aquifer. 

Surface and groundwater interaction varies along the river course: the Upper Condamine River is 

classified as ‘maximum losing’ river upstream of Chinchilla Weir and low-medium gaining river 

downstream of the weir (CSIRO, 2008).  

Non-CSG and non-mining water use 

Irrigated agriculture is the dominant water use in the catchment. Total surface water allocation for 

the year 2010/11 was about 612 GL with an estimated use of about 549 GL (DERM, 2011). The 

current level of surface water use is extremely high as 53% of the average available water is 

diverted. Groundwater extraction accounts for about 18% of the total water use in the 

Condamine-Balonne. Approximately 41.5 GL/year of water is estimated to be used for agriculture 

while the allocations for industrial, urban and stock and domestic uses are respectively 0.5, 4.4 

and 8.6 GL/year (QWC, 2012). This amounts to a total of 55 GL/year. However it is noteworthy 

that this is current use under ongoing annual announced allocations administered by DNRM. The 

total underlying entitlement is around 99 GL/year (QWC, 2012). A more detailed account of the 

water resource exploitation is available in Kaye et al., (2012).  
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Figure 4: Water account for the Condamine-Balonne region (modified from Kaye et al., 2012) 

 

 

Coal Seam Gas Water Production 

Coal Seam Gas development commenced in the Surat Basins in 2002. Coal Seam Gas water 

production in Queensland totalled 26.7 GL in 2013-14 of which 21.4 GL was produced from the 

Surat Basin and 5.3 GL from the Bowen Basin (Queensland Government, 2014).  This volume of 

water was produced from a total of 2519 CSG wells out of which 1863 are in the Surat Basin and 

629 in the Bowen Basin. The majority of the CSG produced water was produced by the gas fields in 

the Upper Condamine region and predominantly by four major projects QCLNG (QGC), GLNG 

(Santos), APLNG (Origin) and Surat Gas Project (Arrow LNG). Table 3 gives an account of the coal 

seam gas water production from the Surat and Bowen Basins from July 2013 to June 2014. 

 

Table 3: Account of CSG water production from Surat Basin in 2013-14 (Queensland Government, 2014) 

Operator Field Reservoir Water production ML 

(2013 - 2014) 
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Arrow Energy Daandine Walloon Coal Measures 1208.7 

Arrow Energy Kogan North Walloon Coal Measures 415.8 

Arrow Energy Tipton West Walloon Coal Measures 610.7 

Arrow Energy Stratheden Walloon Coal Measures 0.0 

Origin Combabula Walloon Coal Measures 0.0 

Origin Combabula North Walloon Coal Measures 0.0 

Origin Condabri  Walloon Coal Measures 492.6 

Origin Condabri North Walloon Coal Measures 486.6 

Origin Condabri South Walloon Coal Measures 0.0 

Origin Orana Walloon Coal Measures 0.0 

Origin Orana North Walloon Coal Measures 0.0 

Origin Reedy Creek Walloon Coal Measures 0.0 

Origin Talinga Walloon Coal Measures 2924.1 

Origin Wolleebee Walloon Coal Measures 0.0 

QGC Argyle Walloon Coal Measures 767.0 

QGC Argyle Walloon Coal Measures 886.7 

QGC Argyle East Walloon Coal Measures 0.0 

QGC Avond Downs Walloon Coal Measures 0.0 

QGC Avond Downs, McNulty Walloon Coal Measures 0.0 

QGC Bellevue Walloon Coal Measures 833.1 

QGC Berwyndale Walloon Coal Measures 483.7 

QGC Berwyndale South Walloon Coal Measures 22.7 

QGC Broadwater Walloon Coal Measures 0.0 

QGC Broadwater, Harry, Glendower Walloon Coal Measures 2761.9 

QGC Broadwater (Mini) Walloon Coal Measures 0.0 

QGC Codie, Lauren, Kenya Walloon Coal Measures 1416.3 

QGC  Berwyndale, Berwyndale South  Walloon Coal Measures 972.0 

QGC  Cameron Walloon Coal Measures 0.0 

QGC  Clunie Walloon Coal Measures 0.0 

QGC  Clunie, Barney Walloon Coal Measures 21.6 

QGC  Cougals Walloon Coal Measures 0.0 

QGC  Cougals, Barney, Clunie Walloon Coal Measures 0.0 

QGC  Glendower, Harry Walloon Coal Measures 0.0 

QGC  Golden Grove Walloon Coal Measures 0.0 

QGC  Jammat Walloon Coal Measures 0.0 

QGC  Jen East Walloon Coal Measures 0.0 

QGC  Jen, Ruby Jo, Isabella Walloon Coal Measures 4126.1 
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QGC  Jordan Walloon Coal Measures 0.0 

QGC  Jordan, Celeste Walloon Coal Measures 0.0 

QGC  Kathleen, Cam, Mamdal, 

Woleebee Creek 

Walloon Coal Measures 256.7 

QGC  Kenya, Codie, Kate Walloon Coal Measures 1428.8 

QGC  Kenya East Walloon Coal Measures 0.0 

QGC  Kenya East Walloon Coal Measures 0.0 

QGC  Kenya East, Jammat, Margaret Walloon Coal Measures 12.0 

QGC  Matilda-John, Lauren Walloon Coal Measures 74.7 

QGC  Matilda-John  Walloon Coal Measures 0.0 

QGC  McNulty Walloon Coal Measures 0.0 

QGC  McNulty Walloon Coal Measures 0.0 

QGC  Owen Walloon Coal Measures 0.0 

QGC  Paradise Downs, Carla, Lawnton, 

Alex 

Walloon Coal Measures 0.0 

QGC  Penrhyn, Charlie, Phillip, Arthur, 

Cameron 

Walloon Coal Measures 0.0 

QGC  Polaris, Acrux, Cassio Walloon Coal Measures 0.1 

QGC  Polaris, Acrux, Cassio Walloon Coal Measures 0.0 

QGC  Portsmouth, Cameron Walloon Coal Measures 0.0 

QGC  Sean Walloon Coal Measures 0.0 

QGC  Sean, David, Poppy Walloon Coal Measures 1158.2 

QGC  Woleebee Creek, Ross, Kathleen, 

Cam, Mamdal 

Walloon Coal Measures 69.2 

QGC  Woleebee Creek Walloon Coal Measures 0.0 

Santos Ltd Coxon Creek (RSG RandC) Walloon Coal Measures 0.0 

Santos Ltd Coxon Creek (RSG RandC) Walloon Coal Measures 0.0 

Santos Ltd Coxon Creek (RSG ICB (R)) Walloon Coal Measures 0.0 

Santos Ltd Coxon Creek (RSG ICB (R)) Walloon Coal Measures 0.0 

Santos Ltd Coxon Creek (RSG ICB (R)) Walloon Coal Measures 0.0 

Santos Ltd Coxon Creek (RSG ICB (R)) Walloon Coal Measures 0.0 

Santos Ltd Coxon Creek (RSG ICB (R)) Walloon Coal Measures 0.0 

Santos Ltd Roma Walloon Coal Measures 0.0 

  Totals (ML) 26738.4 

 

CSG operations in the Surat Basin target the Walloon Coal Measures composing of Juandah and 

Taroom Coal Measures typically lying at depths of 100 to 800 m. UWIR report (QWC, 2012) 

indicates that Hutton Sandstone, Springbok Sandstone, Precipice Sandstone, Gubberamunda 
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Sandstone and Condamine Alluvium are the fresh water aquifers that are likely to be impacted by 

the depressurization of Walloon Coal Measures.  

4.2.2 Coal mining water use - Surat Basin 

The total water consumption by the operational coal mining projects in the Surat Basin was 

estimated at 3.6 – 11.9 GL (Kaye et al., 2012). The coal mining operations in the Surat Basin targets 

the Walloon Coal Measures. At present there are five open cut mines in the Queensland part of 

the Surat Basin viz, Commodore, New Acland, Kogan Creek, Cameby Downs and Wilkie Creek. 

Activities only for the closure of the Wilkie Creek mine are currently taking place. Table 4 provides 

another independent estimate of water use by the existing and proposed mines in the Maranoa-

Balonne-Condamine subregion (Sander et al., 2014). 

Table 4: Estimated volumes of water use by existing and EIS approved mines (as of 2012) in the Queensland part of 

Surat Basin (Sander et al., 2014) 

Mine 

status 

Mine name Reported water 

use (ML/year) 

Comment 

Existing Commodore 150  Overland flow, coal not washed, water 

used only for irrigation and dust 

suppression 

New Acland Stage 2 6870  1370 ML of groundwater and the rest 

purchased 

Kogan Creek 0.5  Mainly used for dust suppression ,coal 

not washed 

Cameby Downs - Water usage not reported 

Wilkie Creek - Mine closing down 

EIS 

approved 

New Acland Stage 3 1572  1412 ML/year from groundwater license 

The Range 2868 Estimated maximum  

 

It is noteworthy that an expansion project for the Cameby Downs mine owned by Yancoal 

Australia Ltd has been proposed with a comparatively high estimated water use of 8,000 to 10,000 

ML/year for coal washing, coal dust suppression and production of potable water. Similarly, 

Columboola Project a joint venture between MetroCoal Limited and SinoCoal Resources Pty Ltd is 

targeting coal seams near the Cameby Downs area and the project is in the exploration stage. Kaye 

et al., (2012) report that the mine water use in the Condamine-Balonne catchment is expected to 

increase 3-fold to 12.6-41.9 GL under the future development scenarios. 

4.2.3 Fitzroy catchment water balance 

The Fitzroy catchment encompasses a wide range of landscapes and climatic regimes from semi-

arid grasslands to subtropical rainforest. The water use is also diverse across a ranges of industry 

sectors including grazing, cropping and horticulture, mining, forestry and heavy industry and 

manufacturing.  
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Water Resources 

The surface water resource in the catchment is comprised of the Fitzroy River and its major 

tributaries: the Isaac Connors, Nogoa-Mackenzie and the Dawson and Don-Callide river systems. 

Estimated mean annual discharge is 6,000 GL (Fig. 5, Kaye et al, 2012).  

There are four significant public water storages comprising of the Fairbairn Dam (1301 GL), Callide 

Dam (127 GL), Fitzroy River Barrage (67.5 GL) and the Eden Bann Weir (26.3 GL) (Kaye et al., 2012). 

There are no major groundwater resource allocations other than in the Callide Valley Groundwater 

Area. 

Non-mining and non-CSG water use 

The major water use in the Fitzroy catchment is for irrigated agriculture. Irrigation volumes range 

180 – 255 GL out of which 88% comes from surface water diversions and 10% from groundwater 

sources (ABS, 2008). Another major allocation is for five water supply schemes with a total 

allocation of 410.8 GL. The total use of water was estimated to be 148.6 GL (DERM, 2011) of which 

53% was taken for the Nogoa-Mackenzie water supply scheme, which includes the Emerald 

irrigation area. Groundwater extraction in the Callide Valley Groundwater Management Area and 

Isaac-Connors totalled 32.23 GL/year and 6.9 GL/year respectively (SKM, 2008).  
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Figure 5: Water account for the Fitzroy region (modified from Kaye et al., 2012) 

 

4.2.4 Coal Seam Gas Water Production – Bowen Basin 

Coal Seam Gas development commenced in the Bowen Basin in 1996. Queensland government 

established the Surat Cumulative Management Area (Surat CMA) in 2011 and Queensland Water 

Commission prepared the Underground Water Impact Report which reported the groundwater 

impacts resulting from the development of the coal seam gas industry in the Surat CMA.  

Coal Seam Gas water production in Bowen Basin totalled 5.3 GL in the twelve month period from 

July 2013 to June 2014.  This volume of water was produced from a total of 629 CSG wells. The 

majority of the CSG produced water was produced by the Spring Gully gas field (APLNG), MGP gas 

field (Arrow Energy), Fairview and Scotia gasfield (Santos). Table 5 gives an account of the coal 

seam gas water production from the Bowen Basin from July 2013 to June 2014 (Queensland 

Government, 2014). 
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Table 5: CSG associated water produced from the Bowen Basin from July 2013 to June 2014 (Queensland 

government, 2014). 

Operator Field Reservoir Water production 

ML  

Anglo Coal Dawson Baralaba CM 0.0 

Anglo Coal Dawson Valley Baralaba CM 0.0 

Westside Corporation Ltd Dawson River Baralaba CM 18.3 

Westside Corporation Ltd Moura Baralaba CM 1.9 

Molopo Mungi Baralaba CM 0.0 

Westside Corporation Ltd Nipan Baralaba CM 11.4 

Arrow Energy MGP GM 205.5 

Arrow Energy MGP P 104.8 

Arrow Energy MGP Q 0.0 

Arrow Energy MGP GM 56.0 

Arrow Energy MGP GML 0.0 

Arrow Energy MGP P 1.2 

Arrow Energy MGP GM 20.7 

Arrow Energy MGP P 2.1 

Origin Lonesome Bandanna Coal Seams 0.0 

Origin Membrance Bandanna Coal Seams 0.0 

Origin Peat Bandanna Coal Seams 6.9 

Origin Spring Gully Bandanna Coal Seams 1311.6 

Origin Spring Gully Bandanna Coal Seams 0.0 

Origin Spring Gully Bandanna Coal Seams 256.6 

Origin Spring Gully Bandanna Coal Seams 765.3 

Origin Spring Gully East Bandanna Coal Seams 0.0 

Origin Spring Gully Bandanna Coal Seams 0.0 

Santos Ltd Fairview  Bandanna Coal Seams 0.0 

Santos Ltd Fairview  Bandanna Coal Seams 187.4 

Santos Ltd Fairview  Bandanna Coal Seams 751.6 

Santos Ltd Fairview  Bandanna Coal Seams 1026.0 

Santos Ltd Fairview  Bandanna Coal Seams 580.1 

Santos Ltd Fairview  Bandanna Coal Seams 0.7 

Santos Ltd Fairview  Bandanna Coal Seams 0.0 

Santos Ltd Fairview/Arcadia  Bandanna Coal Seams 0.0 

Santos Ltd Scotia Upper Bandanna 0.6 

Santos Ltd Springwater Cattle Creek 0.0 

  Totals (ML) 5308.7 
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4.2.5 Coal mining water use - Bowen Basin 

There are 28 operating coal mines in the Bowen Basin. Coal mining water use was estimated at 

30.6 – 134.8 GL in the Fitzroy catchment. There are 8 expansions and 20 new projects planned in 

the Bowen Basin. The water consumption is predicted to increase by 2-fold to 68.4-300.8 GL under 

future development scenarios. The largest future water demands are likely to occur in the Isaac-

Connors with the likely increased activity in this region. Majority of the new projects plan to 

source water from surface water diversions and third party provides. Kaye et al., (2012) gives an 

account of the raw water demand and supply sources for the new coal projects planned in the 

Bowen Basin. 

One new coal project (Wandoan coal project, Xstrata) has investigated the feasibility of using CSG 

water for operational activities. Braeside Borefield at the confluence of Nebo and Denison Creeks 

supplies the most significant volumes of groundwater extraction in the Isaac-Connors accounting 

for nearly 60% of the total extraction estimates (2.9GL/year). The Braeside Borefield supplies 

water to coal mines and communities in the northern Bowen Basin. The total entitlement is 3.3 

GL/year and the usage is on average 90% of the entitlement. Water balance modelling shows that 

current levels of extraction at the bore field will likely deplete the resource (Kaye et al, 2012). 

4.2.6 Cumulative groundwater drawdown from the depressurization of coal seams 

Queensland government established the Surat Cumulative Management Area (Surat CMA) in 2011 

and Queensland Water Commission prepared the Underground Water Impact Report which 

reported the groundwater drawdown resulting from the development of the coal seam gas 

industry in the Surat CMA. Surat CMA encompasses Queensland parts of the Surat Basin and the 

southern parts of the Bowen Basin. Quantitative assessment of the cumulative impacts were 

based on the Surat CMA groundwater model developed by the Queensland Water Commission 

(QWC, 2012) 

The target formations: the Bandanna formation in Bowen Basin and the Walloon Coal Measures in 

the Surat Basin, were predicted to have the biggest drawdown impacts. The long-term drawdown 

in the Walloon Coal Measures is expected to be less than 150 m (QWC, 2012). Similarly the long-

term drawdown impact in the Bandanna formation is expected to be less than 200 m. The 

maximum drawdown impact in the Springbok Sandstone and Hutton Sandstone are predicted to 

be less than 20 m and 5 m respectively over most of the affected area. The predicted maximum 

drawdown in the Precipice Sandstone aquifer over most of the affected areas is less than 2 m and 

the same in Gubberamunda Sandstone is less than 3 m. 

The maximum predicted drawdown for the Condamine Alluvium is about 1.2 m on the western 

edge of the alluvium with an average of about 0.5 m for most of the area. It is expected that an 

average of about 1100 ML/year of water would be lost from the Condamine Alluvium to the 

underlying Walloon Coal Measures over the 100 years as a result of the Coal Seam Gas water 

production. 

It is noteworthy that the cumulative impact assessment using the Surat CMA groundwater model 

has not considered the impacts from the coal mines. CSIRO is currently working on incorporating 

the mine dewatering component to the cumulative impact assessment of the Maranoa-Balonne-

Condamine subregion by considering the seven mines in this region. Regional scale cumulative 



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  33 

impact assessment considering all the coal mines in the Bowen Basin has not been undertaken so 

far. 

4.3 Hunter catchment 

The Hunter region is known for the energy resource potential and has over 20 of the world’s 

largest coal mines. Agriculture is another important industry in the Hunter valley. Coal Seam Gas 

activity in the Hunter region is only at the exploration stage. The geological Basins underlying the 

Hunter catchment is shown in Figure 6.  A broad scale water account for the Hunter region is 

represented in Figure 7. 
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Figure 6:  Map of the Hunter catchment showing the underlying Surat, Gunnedah and Sydney Basins 

 

4.3.1 Water Resources 

The Hunter River and its major tributaries including Goulburn, Paterson and William rivers and 

Wollombi Brook constitute the surface water resource in the region. The surface water storage 

facilities include Glenbawn Dam and Glennies Creek Dam with a total storage capacity of 1033 GL. 

The Hunter Valley Alluvial Aquifer and the Permian fractured rock aquifer are the major 

groundwater resources. Groundwater is also hosted by tertiary basalt formations along the north-

west area of the Hunter Valley. There is a strong interaction between the surface water and 

groundwater systems in the Hunter. The alluvium has significant water storage, however, the 

groundwater extractions have impact on river flow (DWE, 2009). Similarly, extractions from a 

water hole in the river will access groundwater (Kaye et al., 2012). The groundwater resources 

within the alluvial aquifer may be under a higher risk of impact from further expansion of coal 

resource development in the Hunter Valley. 

 

Figure 7 Water account for the Hunter region (modified from Kaye et al., 2012) 

4.3.2 Non-CSG and non-mining water use 

The major water users other than coal mines include the Hunter Water Corporation, urban water 

users, power generation and agriculture (NOW, 2012). Australian Bureau of Statistics (ABS, 2006) 
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estimated the diversions for 2004/05 to be equal to 236.5 GL. The total long-term annual 

extraction limit (LTAEL) for all water sharing plans within the Hunter region is 307 GL/year.  

Total water use for irrigation is estimated to be in the range 80 – 124 GL/year.  It is estimated that 

74% of this irrigation water use is derived from surface water sources and 23% from groundwater 

sources. It is estimated that 72% of the total groundwater use in the Hunter Valley is for 

agriculture.  

The long-term average water requirement by power stations in the region is approximately 72 

GL/yr. Hunter Water Corporation is a major user and holds a majority, approximately 72%, of the 

groundwater entitlement in the Tomago-Stockton-Tomaree Sandbeds, with a 3-yr average share 

of 29 GL/year. 

4.3.3 Coal Seam Gas Water Production – Hunter Region 

Coal Seam Gas industry is still at an exploration stage in the Hunter region. As of 2012, there are 

about 40 exploration wells drilled in the region. The Petroleum Exploration Licenses (PEL) 4 and 

267 permits AGL to explore most of the Hunter region. Santos is also exploring on PEL 456 in the 

upper Hunter for the Gunnedah Basin project. AGL’s Gloucester Gas Project lies directly adjacent 

to the northeast of the Hunter catchment and is expected to generate about 0.73 GL/year of CSG 

associated water. During 2009/10 approximately 12 ML of water was produced from CSG activities 

(Kaye et al., 2012).  

4.3.4 Coal mining water use – Hunter Region 

There are 26 operational coal mines in the Hunter region. There are eight new projects and several 

expansion projects proposed (Kaye et al., 2012). Coal mining water consumption in the Hunter 

region is estimated to be at 25.4 – 111.8 GL/year under the existing scenario (Kaye et al., 2012). 

With the new and expansion projects the water consumption is expected to increase by 1.5 times 

to 36.2 to 159.5 GL/year. Mine water demand account for about 25% of the groundwater 

allocation. Assessment of cumulative impacts on the groundwater resources resulting from coal 

seam gas development and coal mining activities have not been undertaken on a regional scale for 

the Hunter region. CSIRO is currently undertaking a regional groundwater modelling exercise as 

part of the Bioregional Assessment programme. 

 

 

 



 

36   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

5 Threats of mining and CSG activities to the 
groundwater environment and stygofauna  

Key points 

• Coal mining and CSG developments affect aquifers at different depths. Coal mining intersects 

shallow aquifers that are most likely to contain stygofauna whereas CSG activities target aquifers 

at depths that are generally greater than those at which stygofauna are commonly found. 

• Both coal mining and CSG may cause changes to the groundwater environment within the target 

aquifer and in aquifers above and below. 

• Threats to stygofauna arise from changes to the groundwater environment, particularly those 

associated with change in groundwater levels or hydraulic pressure, groundwater quality or 

changes in aquifer pore dimensions (e.g. due to subsidence).   

• Stygofauna are particularly sensitive to groundwater environment disturbance because they are 

adapted to a steady conditions and have very narrow spatial distributions. 

• Stygofauna assemblages have limited capacity to recover from disturbance because they have 

low mobility and low reproductive rates meaning recolonisation is slow. 

• Under groundwater drawdown stygofauna can be stranded and have limited ability to survive in 

unsaturated conditions. 

• Stygofauna are potentially sensitive to changes in aquifer pressure, but no research has been 

conducted to date. 

• Stygofauna are sensitive to changes in water quality that deviate from the natural background 

conditions. This related to changes in both physico-chemical water quality (temperature, level of 

oxygenation or salinity) and pollution of the groundwater environment. 

 

5.1 Background 

The stressors arising from coal mining and coal seam gas developments have been identified as 

part of activities associated with Bioregional Assessments of coal mining and coal seam gas 

impacts (Figure 8, Commonwealth of Australia (2015)). The various activities associated with these 

developments can lead to three major changes in groundwater conditions, which can be describe 

as stressors that directly threaten the integrity of groundwater ecosystems. These stressors are:  

• spatial and temporal changes in water level (groundwater drawdown); 

• altered groundwater quality; and 

• altered aquifer properties (including aquifer porosity and depressurisation). 

Such changes in the physico-chemical conditions individually or cumulatively are likely to affect 

the occurrence and/or the distribution of stygofauna in an aquifer. In this section we examine the 
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evidence for impacts of these stressors on groundwater ecosystems broadly and stygofauna in 

particular.  

 

 

Figure 8 Hydrological stressors/impacts from coal seam gas extraction and coal mining. Source: Commonwealth of 

Australia (2015) 

 

The effects mining and CSG developments occur in addition to other stressors in the landscape, 

such as agricultural groundwater use or climate change. This means that the responses of 

groundwater ecosystems can be associated with cumulative impacts from the multiple stressors 

(CoA 2015) and, as such, understanding or predicting the effects of coal mining or CSG 

developments cannot be considered in isolation from other activities in the landscape. 

The potential risks to stygofauna depend on the nature of the mining operations, such as the 

mining method (e.g. longwall vs open cut), groundwater management strategy, water quality 

controls and the attributes of the aquifer(s) affected. There are a number of activities that may 

lead to changes in the groundwater environment (Figure 8). The response of the stygofauna to 

these changes depends on the duration of the changes, the spatial extent of the changes relevant 

to the aquifer size, depth and mining area, and the intensity or rate of the changes.  

Mining and CSG activities may affect stygofauna directly or indirectly. Direct effects on stygofauna 

include: 
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• groundwater contamination or anoxia can cause acute (rapid) mortality of stygofauna and 

be manifested quickly as a loss or decline in population abundance; and  

• chronic (long-term) exposure to stressors such as low-level water quality changes or 

changes to food availability that affect long-term health and fitness of stygofauna. When 

stygofauna are stressed in this way they may spend more energy on maintaining their 

health and fitness and less energy and resources on reproduction or growth. This may lead 

to a reduction in reproduction and gradual population decline which may take a long time 

to become evident because of the naturally slow growth and low metabolic and 

reproductive rates of stygofauna.  

The indirect effects of mining or CSG development on stygofauna are those that cause changes to 

conditions in the aquifer that favour the introduction of exotic or surface taxa (increased 

abundance of stygoxenes) that outcompete stygofauna, leading to their extinction through 

competition. 

As a group, stygofauna may be particularly sensitive to environmental changes because: 

• they are adapted to relatively stable environmental conditions and are thus vulnerable to 

changes in those conditions; 

• they have  limited ability to disperse through aquifers, and recolonise following 

disturbance; 

• they often have a high degree of endemism with species often restricted to small 

geographic areas (short-range endemics) that maybe much smaller than basin; and 

• they have slow rates of reproduction and low dispersal abilities which means that recovery 

of populations, if possible, will be slow.  

In general, there are few data on the response of stygofauna to environmental changes. Here we 

describe, in general terms, the likely effects of mining and CSG activities on stygofauna, but 

recommend that risk assessments consider the local environment, including the stratigraphy, local 

hydrogeology and mine operating conditions in order to assess the likely extent of stressors and 

their affects. 

5.2 Spatial and temporal changes in water level 

Changes to groundwater depth is perhaps the most recognisable, direct effect of mining on 

groundwater environments. Changes in depth to groundwater can occur as a result of changes to 

diffuse (rain water infiltration) and localised recharge from surface waters, loss of water to 

adjoining aquifers with changes in groundwater pressure or fracturing of adjoining aquitards (Fig 

8). Mining activities that intersect aquifers commonly lead to a substantial drawdown as a result of 

mine dewatering. Increases in water tables as a result of hydrogeological changes can also occur 

(e.g. as a result of groundwater reinjection), but groundwater drawdown is considered the most 

common and significant effect.   

The potential effects of lowered groundwater tables on stygofauna are two-fold:  

1. The lowering of water levels may leave stygofauna stranded above the water table.  
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2. Declining water levels may reduce available habitat as strata become unsaturated.  

Stygofauna have limited mobility and may not be able to move with water tables as they drop. 

Stumpp and Hose (2012) demonstrated that stygofauna became stranded when water tables 

receded by either 2.6 m/day or 1.0 m/day. While the majority of syncarids were found below the 

water table, 25% of stygofauna were stranded above the water table, including 19% that were 

stranded in the unsaturated area above the capillary fringe. Relatively fewer copepods (12-16%) 

were stranded above the water table, with 6-7% stranded in the unsaturated zone. The rates of 

drawdown applied in those experiments may be faster than those likely to occur as a result of 

mining activity. It is possible that with slower rates (<1 m /day) the stranding of fauna would be 

less, but this remains untested.  

The effect of drawdown may also be different for various species. Tomlinson (2008) tested the 

response of copepods to water drawdown and observed downward movement of the animals 

with the water table and some stranding. In contrast, there was no downward movement by 

amphipods as the water table declined, with the majority of animals tested being stranded in the 

area of the original water table depth. 

Both Tomlinson (2008) and Stumpp and Hose (2012) examined the fate of stygofauna in drying 

sediments. Both studies showed that stygofauna (copepods, amphipods and syncarids) stranded in 

unsaturated sediments have limited survival beyond 48 hours, and that survival decreased with 

decreasing sediment saturation. Both amphipods and syncarids were more tolerant to drying 

conditions than the copepods, which may be due to their greater ability to migrate (by walking) in 

the drying sediments compared to copepods who move more my swimming.  

The decline of groundwater tables may be problematic for stygofauna when the water table drops 

below areas of suitable habitat, such that the habitat is no longer accessible to fauna or is no 

longer saturated. Importantly, capillary forces will ensure that some areas of the aquifer matrix 

above the water table remain saturated, but the degree to which this occurs is likely to be small 

(<1 m), and influenced by the aquifer geology and pore size. It is also possible that areas of habitat 

above the water table may retain water and remain partly saturated (due to hydrostatic forces) 

but isolated. These areas may provide a temporary refuge for fauna but the longer-term survival 

of stygofauna in such areas will require the return of groundwater levels to replenish nutrients in 

the water and allow stygofauna to migrate. 

The impacts of drawdown may be influenced by the nature of the aquifer matrix. For example, 

changes in the groundwater level in a coarse alluvium that is free draining will provide adequate 

vertical migration opportunities for fauna to move with declining water levels (Nevill et al., 2010). 

Here also, isolated pockets of groundwater are less likely to occur. In finer matrices, or those with 

lenses of fine material, the vertical migration pathways for fauna may be limited, resulting in a 

high degree of stranding as water levels decline. However, fine matrices may be more likely to 

retain isolated, saturated areas as temporary habitat above the water table (Nevill et al., 2010). 

The intensity of the water table drawdown effect on stygofauna habitat is likely to be site specific. 

However, the maximum drawdown for some regions (see section 4) of up to 20 m (such as in the 

sandstone aquifers of the Condamine catchment) are likely to impact on stygofauna where 

present.  
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Habitat loss due to drawdown will depend on the depth of suitable habitat within the geological 

strata and whether that habitat becomes unsaturated. Given the likely heterogeneity of habitat 

within an aquifer, potentially at small scales, the effects of drawdown are difficult to predict, and 

effects will be dependent on the relationship between the water table and the aquifer thickness. 

Furthermore, a drop in water table may isolate areas of habitat within an aquifer, which unless 

reconnected over time, may lead to localised loss of fauna. Declining water tables in caves of the 

Leeuwin Naturaliste Ridge, WA led to changes in the stygobitic invertebrates associated with tree 

roots. The unique assemblages threatened by water levels declined dramatically as water levels 

declined and root mat habitats dried out (Eberhard and Davies 2011; Chilcott 2013). 

There have been few field-based studies of the effects of water table changes on stygofauna. 

Current research in the UK has shown significant changes in groundwater invertebrate and 

microbial assemblages following greater than usual recharge and rising water tables associated 

with large, natural rain events (Anne Robertson, University of Roehampton, pers. Comm.).     

Hancock (2009) monitored changes in stygofauna assemblages in the Hunter Valley, NSW, during 

and after drought in which groundwater levels in the shallow alluvium varied. Significant recharge 

of the aquifer associated with drought-breaking rains raised water tables by up to 3 m, and 

coincided with an increase in the abundance of stygobitic amphipods, syncarids, beetles and 

copepods. In the calcrete aquifers of the Yilgarn, major recharge events have been associated with 

reproduction in beetles and amphipods (Dillon et al., 2009). Similar responses have been observed 

in chalk aquifers of the UK (A Robertson pers. comm.), but such increases in reproduction and 

abundance of fauna may be associated with the increase in nutrients that accompanies recharge 

events rather than being a result of water level change per se. 

A critical consequence of water table drawdown is the increased thickness of unsaturated zone. 

This can lead to reduction in groundwater recharge and nutrient removal from infiltrating water 

by soil microbes, with their concentrations in infiltrating water decreasing with depth. The effect 

of this is that the nutrient concentrations entering deeper groundwater may be less than those 

reaching shallower water (see Pabich et al., 2001; Datry et al., 2005). For example, shallow 

aquifers with depth to groundwater (vadose zone thickness) <1.25 m had dissolved organic carbon 

concentrations up 23 mg C/L whereas aquifers below 5 m had concentrations below 2 mg C/L 

(Pabich et al., 2001), which implies that groundwater level changes of several metres can alter 

infiltrating groundwater quality.  

More research into the impact of water level declines on stygofauna is needed, in particular, 

laboratory and field studies of groundwater drawdown, and its impact on the behaviour and 

health of stygofauna. Such studies should be multi-disciplinary in nature and should link water 

levels to habitat suitability, local groundwater hydrology and both microbial and stygofauna 

assemblages. 

 

5.3 Altered groundwater quality 

Stygofauna are generally adapted to stable environmental conditions, including water quality. 

Changes to water quality that are beyond the range of conditions normally experienced by 

stygofauna pose a threat to their survival. Changes in groundwater quality may occur when mining 
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activities increase linkages with aquifers of poor water quality, or through other means such as 

seepage of acids or heavy metals from overburden, or infiltration of produced water from storage 

facilities or via recharge of aquifers from rivers where produced water is discharged. 

5.3.1 Nutrients and physico-chemical conditions 

Dissolved oxygen is considered limiting for fauna, with Hahn (2006) suggesting that 0.5 mg/L was 

the lower limit for stygofauna in studies in Europe. Studies in Australia have found similarly, with 

fauna collected at sites above 0.23 mg/L (Hancock and Boulton 2008) and above 0.31 mg/L (Leijs 

and Mitchell unpub. data in Dillon et al., 2009). Data presented in Table 1 indicate stygofauna 

were found in the Hunter catchment at and above 0.5 mg/L and in other coal production basins at 

above 0.93 mg/L. While dissolved oxygen concentrations may be limiting below around 0.2-0.5 

mg/L, higher DO concentrations are generally not related to greater stygofauna richness and 

diversity. 

Dissolved organic carbon is a key energy source for groundwater ecosystems, but is often present 

in only low concentrations. Slightly elevated nutrient concentrations can stimulate stygofauna 

abundance (Boulton et al., 2008, Hallam et al., 2008, Simon and Buikema 1997), but stygofauna 

that are adapted to low energy conditions are often outcompeted by surface fauna in cases where 

aquifers become heavily nutrient enriched (Hallam et al., 2008). Dissolved organic carbon 

concentrations for undisturbed aquifers are typically below 4 mg/L (Korbel and Hose 2011). Deep 

groundwater is often free of DOC. Although dissolved organic carbon is an important component 

of groundwater ecosystems, only a small proportion of the total organic matter dissolved in 

groundwater is readily bioavailable, so total dissolved organic carbon is rarely correlated with the 

diversity and abundance of stygofauna (e.g. Korbel et al., 2015).  

Produced water from mining and CSG activities is often saline (Commonwealth of Australia 2014d) 

and large volumes are often produced (Tables 3,5). Changes to the salinity of groundwater can 

occur a result of leaching of produced water from surface storage, infiltration from rivers in the 

case of surface discharges, or leakage of saline water from adjoining aquifers. Field studies of 

stygofauna distribution suggest that the salinity tolerance of most stygofauna is limited to salinity 

level (measured by water electrical conductivity) less than 5000 µS/cm (Hancock and Boulton 

2008). It might be expected then that changes to salinity of groundwater above 5000 µS/cm may 

by toxic to stygofauna. However, this threshold does not indicate the sensitivity of stygofauna to 

changes in salinity; those inhabiting and adapted to relatively fresh groundwater will be 

potentially sensitive to changes well below this level. It is likely that stygofauna are adapted to 

local conditions so that changes from background salinity could be deleterious. 

The effects of salinity to stygofauna arise through its action first as an osmotic stressor. Second, 

the dissolved ions that make up saline water can impose a direct toxic action (see below), with 

some ions being more toxic than others. Consequently, treating salinity without understanding the 

ionic composition of the salinity is not recommended (Lincoln Smith et al., 2010). Understanding 

the effects of mining associated salinity requires identification of the ionic composition of the 

saline water causing the change, and subsequently assessing the direct toxicity of that water to 

stygofauna.  
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Stygofauna are most commonly associated with groundwater that has a pH close to neutral, 

although are found in water with varying pH (Table 1). The pH of groundwater is strongly 

influenced by the geology, with stygofauna found in carbonate-dominated waters of caves which 

have a high pH and waters of the fractured sandstones of Sydney which can have an acidic pH 

close to 5 (Hose unpub. data). Importantly, it is changes to pH away from the typical background 

level that are likely to be problematic for stygofauna, as they are for other freshwater 

invertebrates (e.g. Haines 1981, Haddaway et al., 2013) thus requiring understanding the local 

conditions in order to assess the risks associated with changed in water quality. However, we are 

not aware of experimental studies of pH changes on stygofauna per se. 

5.3.2 Toxicants 

Contamination of groundwater by mining and associated activities can occur accidentally by 

infiltration of contaminants from the surface via spills, lack of containment or leaching from 

surface storages or overburden and spoil or by contamination from injected materials that 

contaminate target (i.e., coal seams) and non-target aquifers. There is a large variety of chemicals 

used and produced in coal mining and CSG process which have the potential to cause changes in 

water quality (CoA 2014) and consequently effects to stygofauna. 

Produced water from coal mining and CSG operations (e.g. Tables 3, 5) has an ionic composition, 

and hence toxicity that is very different from the sodium chloride or carbonate dominated 

salinities in most undisturbed aquifers (Mount et al. 1997; CoA 2014). Despite large amounts of 

data available on the toxicity of saline waters, including produced water, on surface aquatic biota 

(e.g. Mount et al. 1997; Kefford et al., 2003, Lincoln Smith et al., 2010), there are currently no data 

available on the toxicity of such waters to stygofauna. 

The few toxicity data available for stygofauna are unequivocal in identifying whether they are 

more sensitive or less sensitive to toxicants than related surface water species. Certainly there is 

evidence of stygofauna being more sensitive than surface water species (e.g. Hose 2007, Hose et 

al., in review). Indeed, the physiology of stygofauna can be very different from surface species 

which means that stygofauna populations are likely to respond differently to toxicants compared 

to populations of surface taxa (Hose 2005, 2007). At the community level, the truncated diversity 

of groundwater ecosystems (i.e. the dominance of crustaceans, lack of plants and vertebrates) 

makes groundwater communities particularly vulnerable to toxicants such as pesticides that target 

invertebrates but potentially less vulnerable to toxicants such as herbicides compared to surface 

water communities (Hose 2005). Accordingly, ANZECC and ARMCANZ (2000) state that 

groundwater ecosystems should be given the highest possible protection, and hence there is a 

great need for toxicity data for stygofauna for both toxicants and physico-chemical stressors such 

as pH, nutrients and temperature. 

5.4 Altered aquifer properties and water regime 

The removal of the aquifer matrix, either through coal extraction (in the case of coal seam 

aquifers) or the removal of overlying material that is a part of aquifers, is a clear and present 

threat to stygofauna. Mine dewatering resulting in loss of habitat (described above) and 

depressurisation all lead to changes in aquifer properties. 
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Large volumes of water abstracted as part of coal mining and CSG operations (Section 4) can lead 

to changes in groundwater pressure, but the effects of depressurisation on stygofauna are 

unknown. Janse (1981) showed that the orientation behaviour of freshwater snails changed under 

increasing water pressure at ~100 KPa (10 m depth), causing them to move toward the surface to 

areas of lower pressure. The snails moved downward (deeper) when pressure was subsequently 

reduced (Janse 1981). Similar patterns of behaviour have been observed in crustaceans (which 

dominate the stygofauna) and other invertebrates (Lincoln 1971; Morgan 1984) following changes 

in hydrostatic pressure as little as 3 mbar (Forward and Wellins 1989), which in an unconfined 

aquifer equates to water level changes of only 0.03 m.  

It might be expected that decreasing water pressure associated with dewatering will encourage 

stygofauna to move deeper in the aquifer, as reported for other crustaceans (Morgan 1984). With 

nutrient and oxygen concentrations in groundwater typically decreasing with water depth (Pabich 

et al., 2001), fauna would be moving to potentially poorer quality habitat as a result. In unconfined 

aquifers, changes in pressure will be associated with changes in water levels, but in confined 

aquifers in which groundwater may be already under pressure, decreases in pressure may occur 

without water level changes, and the potential effects of such changes on stygofauna are 

unknown. Although changes stygofauna are generally less common in confined than unconfined, 

an overall greater understanding of the effects of changes in aquifer pressure on stygofauna is 

needed.  

A key step in the hydraulic fracturing of coal seams is the injection of fracking fluids under high 

pressure, creating a spike of pressure in the aquifer. Injection of fracking fluids into deep shale 

beds in the United States occurs at pressures up to 69,000 KPa (PADEP 2011). While coal seams 

require lower pressures because of shallower depths and softer geologies, the spike of pressure 

associated with fluid injection could well exceed the levels fatal for many invertebrates (marine 

crustacean 1 h LP50 range 12000-89000 KPa, Brown and Thatje 2015).  

Infiltrating rainfall or water from creeks or rivers can recharge aquifers and in doing so replenish 

organic matter and oxygen in the groundwater. Changing surface topography can change the 

timing, location, and intensity of groundwater recharge and the replenishment of nutrients. 

Similarly, changes to land surfaces with impervious surfaces or compaction of soil may change 

infiltration. 

Changes to groundwater flow, due either to changes in aquifer pressure, flow direction or level, 

will influence the transport and distribution of nutrients within the aquifer. Such changes may 

cause disruption to foodwebs as the baseline concentration of energy in the system may change. 

It is uncertain whether the physical processes of mining, including blasting and removal of material 

causes changes to the physical structure of aquifer matrices in areas beyond the footprint of the 

development.  Changes to the aquifer matrix through sedimentation or disruption of the integrity 

of strata leading to clogging of interstitial spaces can reduce available habitat for stygofauna 

(Hancock and Boulton 2005). Habitat change can be caused by clogging of pore spaces by 

compaction, artificial filling, changes to recharge, fine sediment mobilization, changes in pressure 

and temperature etc. all of which can occur with mining operations. Subsidence triggered by 

mining operations can cause major changes in the drainage pattern and local groundwater flow 

regimes which can affect the stygofauna habitat. 
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Groundwater abstraction can increase the groundwater flow velocity in the area surrounding the 

abstraction bore. The effect of the groundwater abstraction would be to remove stygofauna with 

the groundwater, in the same way that stygofauna are collected through groundwater pumping 

(e.g. Hancock and Boulton 2009; Hose and Lategan 2012). The effect of the increased flow velocity 

on stygofauna is unclear and would depend on the magnitude of the increase and the capacity of 

stygofauna to move within the aquifer under the higher flow regime. 
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6 Knowledge gaps and research needs 

The dearth of knowledge surrounding the diversity, distribution and ecology of stygofauna in 

Australia creates considerable uncertainty in the assessment of ecological risks associated with 

coal mining and CSG activities. In the previous sections we have summarised current knowledge of 

stygofauna diversity and distribution in Australia (section 2), the factors that influence the 

occurrence of stygofauna (section 3), the changes to the water balance associated with mining 

operations in key production regions (section 4), and the threats that these changes to water 

balance, and other aspects of mining operations pose to stygofauna (section 5). In this section we 

consider the key knowledge gaps that limit the application of robust risk assessments for 

groundwater ecosystems, and list these as areas for further research. 

 

The sampling and taxonomy of stygofauna remains difficult and unknown 

Much of the stygofauna of Australia remain undescribed (Guzik et al., 2010) and the taxonomic 

expertise to complete this task is limited. A lack of suitable, detailed taxonomy limits the 

knowledge of the distribution of fauna, particularly the understanding of the spatial extent of a 

species with respect to a development area, and whether populations of that species are present 

at sites remote from the development. Molecular (DNA-based) analysis of stygofauna is 

recommended to address this issue. Further, the results of molecular analyses of stygofauna 

should be geo-referenced and lodged with an on-line genomics database. 

The conclusions drawn from one-off stygofauna surveys are often constrained by the 

heterogeneous distributions of stygofauna, and usually more than a single survey is recommended 

to have confidence of the presence or absence of stygofauna in an area. Difficulties in surveying 

rare fauna in surface waters have prompted the use of molecular analysis of water and sediment 

which targets latent DNA of those rare species (e.g. Thomsen and Willerslev 2015), i.e. detection 

of target DNA in these sediments and water can be evidence of presence or absence of fauna in an 

area, without the need to physically collect those organisms. We are not aware of these 

approaches being applied in aquifers, but they represent a potential means of improving the 

accuracy and reliability of surveys and reducing the resources required. 

 

The effects of water level drawdown on stygofauna 

While some information is available on the effects of water level drawdown, these studies have to 

date been laboratory based and over a small-scale with limited, homogeneous matrices. Field-

based studies of drawdown are needed, in combination with laboratory studies using matrices of 

different composition.  Such studies should also examine a range of different drawdown rates and 

also examine the capacity of fauna to return to an area once water levels have been restored.  

Key to understanding water-level drawdown is knowing the habitat preferences of stygofauna. 

Understanding the habitat thresholds for different species in terms of sediment particle size or 

pore size will inform whether changes in water level do limit habitat availability. 
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As water levels decline, the tolerance of stygofauna to drying will dictate their survival. Further 

work on the effects of drying, the suitability of the capillary fringe as habitat, and the mobility of 

stygofauna to seek saturated areas is needed to predict their response. 

Changes to water levels has the capacity to change nutrient availability as nutrients are lost from 

infiltrating groundwater as it seeps through the unsaturated zone. Research on how nutrient 

concentrations change with incremental water level changes will indicate the relative importance 

of this aspect of water level change to ecosystem functioning. 

 

The role of coal seams as stygofauna habitat 

There is some evidence that stygofauna occur in coal seams despite the depth and water quality 

conditions in coal seam aquifers being potentially sub-optimal for stygofauna. Previous studies 

have only reported a small number of individuals in coal seams, and generally only in those 

aquifers closely linked alluvium.  

Further surveys of coal seams are needed to provide stronger evidence of the association between 

stygofauna and coal seams. This is clearly relevant to both the coal mining and CSG industries 

since these are the target aquifers. It is important to establish whether there are species or types 

of stygofauna specific to these aquifers.  

 

Water quality tolerance of stygofauna – toxicants and physico-chemical stressors 

Knowledge of the response of stygofauna to changes in groundwater quality is limited. While 

there is a large database of effects of water quality changes to surface-dwelling taxa, the 

applicability of these data as a proxy for stygofauna is uncertain. To address this knowledge gap, 

there is a need for studies on water quality effects on stygofauna. The results of such studies 

should be compared to those from surface species to establish whether (and under which 

situations) the use of toxicity data for surface species can be used. 

Priority water quality attributes that require research are; 

• Salinity, with a particular focus on the ionic composition of the saline waters. There is a 

need to examine the sodium chloride and carbonate tolerance of stygofauna to understand 

how natural salinity gradients influence the distribution of stygofauna. There is also a need 

to examine the toxicity of key ions present in produced water, acknowledging that 

produced water is a complex mixture which may affect stygofauna if infiltration of 

produced water into aquifers should occur.  

• Organic compounds used in coal processing and production. These may include flocculants 

and oils, and may affect aquifers as a result of infiltration of accidental spillage or leaking 

from onsite water storages. There are currently no data available on the toxicity of these or 

similar compounds to stygofauna.  

 

Groundwater foodwebs and cascading effects 

As described in this report, mining activities can potentially affect stygofauna directly (such as 

mortality) or indirectly (such as changes in nutrients/food supply). Changes to nutrients are likely 
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to affect stygofauna by way of changes to microbial assemblages and thus food supply, but the 

links within groundwater foodwebs are poorly known and largely speculative. There is a need for 

greater understanding of groundwater foodwebs to understand how changes in one aspect of the 

ecosystem may cascade and affect other parts, leading to an overall change in ecosystem 

condition. Studies of carbon and nitrogen isotopes have been used effectively to understand food 

web interactions in a variety of ecosystems and provide great potential for use in groundwater as 

well (e.g. Hartland et al., 2011).   

 

Prediction of impacts of mining and CSG induced hydrological changes on stygofauna 

Assessment of changes to the groundwater level and flow conditions owing to the development of 

coal seam gas and coal mining are often conducted on regional scales. Regional scale groundwater 

models are often used to predict the groundwater pressure and level changes in aquifers 

associated with mining and CSG production. Such modelling efforts focus on predicting the long 

term impacts caused by the stresses on the deep aquifer systems and often are limited in scope to 

explore the spatial and temporal dynamics of water level and flow changes in the alluvial aquifers 

and spring complexes. Given that stygofauna presence is most likely in shallow aquifer systems, 

springs and other areas where surface water – groundwater interaction occurs, modelling efforts 

for the prediction of impacts on stygofauna should focus on accurately predicting the local-scale 

surface water – groundwater interaction and the spatial and temporal dynamics of the flow and 

water level changes caused by mining and CSG operations.  

Modelling of coal mine effects on stygofauna should consider local changes in groundwater level 

and connectivity among aquifers above and below the target coal seams. For underground mines, 

this includes understanding how subsidence might interfere with the hydrology of overlying 

aquifers. For CSG activities, which occur at greater depths, detailed knowledge on the connectivity 

among aquifers, their integrity and the risk of fracturing, and the role and transmissivity of 

aquitards is greatly needed. For both mining and CSG activities, considering the prediction of 

hydrological variables together with the prediction of ecological response of the fauna to changes 

in hydrological variables will be key in quantifying the potential impacts. 



 

48   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

References  

4T (2012) Desktop assessment of Likelihood of stygofauna occurrence in the Bowen Basin. Report 

to URS Australia Pty Ltd. www.arrowenergy.com.au/__data/assets/pdf_file/0009/3888/Appendix-

EE_Stygofauna-Assessment.pdf. Accessed 30/06/15. 

 AARC (2010) Alpha Coal Project Stygofauna Survey. Prepared for Hancock Prospecting Pty Ltd. 

http://gvkhancockcoal.com/documents/Publications/EIS/ACPEIS2010/Vol5/Appendix%20E3

%20Stygofauna%20Survey.pdf. Accessed 30/06/15. 

AARC (2011) Stygofauna survey Kevin’s Corner Project. Report to Hancock Galilee Pty Ltd. 

AustralAsian Resource Consultants Pty Ltd. 

http://gvkhancockcoal.com/documents/Publications/EIS/KevinsCornerEIS2011/Vol2/Volume

%202%20Appendix%20L3%20Stygofauna%20Assessment.pdf. Accessed 30/06/15. 

AARC (2013a) Taroborah Coal Project Stygofauna Survey – Pilot Study. AustralAsian Resource 

Consultants. www.taroborah.com.au/wp-content/uploads/2015/02/Appendix-

20_Taroborah-SEIS_Stygofauna-Assessment.pdf. Accessed 30/06/15. 

AARC (2013b) Mount Colin Stygofauna survey. AustralAsian Resource Consultants. 

www.excoresources.com.au/uploads/downloads/mtcolin/A5.%20Mt%20Colin%20Stygofaun

a%20Survey.pdf. Accessed 30/06/15. 

Abrams, KM, King, RA, Guzik, MT, Cooper, SJB, Austin, AD (2013) Molecular phylogenetic, 

morphological and biogeographic evidence for a new genus of parabathynellid crustaceans 

(Syncarida: Bathynellacea) from groundwater in an ancient southern Australian landscape. 

Invertebrate Systematics. 27, 146-172 

ALS (2011a) Aquatic Ecology report for the Southern Galilee Coal Project. Report to AMCI. ALS 

Technical Report 212652-EE2011-119. ALS. 

www.southgalilee.com.au/files/eis/sgcp_eis_appendix_o_aquatic_ecology_technical_report

.pdf. Accessed 30/06/15. 

ALS (2011b) Codrilla Stygofauna Report - Round 2. Report QC-2011-001 to McCollum 

Environmental Management Services. 

http://www.peabodyenergy.com/content/452/australia-mining/our-stewardship-

approach/codrilla-eis. Accessed 30/06/15. 

ALS (2011c) Desktop Assessment of the Potential Impacts on Stygofauna from Maules Creek Coal 

Project. Report Hansen Bailey. 

https://www.whitehavencoal.com.au/environment/docs/appendix-i-ecological-impact-

assessment-part-2.pdf Accessed 30/11/15 

ALS (2012) Pilot Survey of Stygofauna – Red Hill Project. Document No: CQ212625-2011-001. 

Report to URS Australia. ALS. 

www.bhpbilliton.com/~/media/bhp/documents/society/regulatory/_coal/bma/red-hill-

mining/131213_coal_bma_redhill_appendixk4stygofaunatechnicalreport.pdf?la=en. 

Accessed 30/06/15. 



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  49 

ALS (2013a) Stygofauna Pilot Survey for Xstrata Rolleston Coal Expansion Project: Stygofauna Pilot 

Survey for EIS. Report CQ212572-2012-001 prepared for AECOM. 

www.rollestonexpansionproject.com.au/EN/Publications/EIS/Appendix%20M-

2%20Stygofauna%20Pilot%20Survey%20%28Phase%201%29.pdf. Accessed 30/06/15. 

Anneser B, Pilloni G, Bayer A, Lueders T, Griebler C, Einsiedl F, Richters, L (2010) High resolution 

analysis of contaminated aquifer sediments and groundwater – what can be learned in terms 

of natural attenuation? Geomicrobiology Journal 27, 130–142. 

ANZECC and ARMCANZ (2000) Australian and New Zealand Water Quality Guidelines for Fresh and 

Marine Waters. Australian and New Zealand Environment and Conservation Council and 

Agricultural and Resource Management Council of Australia and New Zealand, Canberra, 

Australia 

Asmyhr M, Stow AJ, Hose GC (2012) The first set of microsatellite markers developed for the 

ancient Parabathynellidae (Syncarida, Malacostraca) and their utility for other groundwater 

fauna. Conservation Genetics Resources. 4, 587-589. 

Asmyhr MG, Hose GC, Graham P, Stow A. (2014a) Fine-scaled genetics of subterranean syncarids. 

Freshwater Biology. 59,:1-11. doi: 10.1111/fwb.12239 

Asmyhr MG, Linke S, Hose GC, Nipperess DA (2014b) Systematic conservation planning for 

groundwater ecosystems using phylogenetic diversity. PlosOne. 9(12): e115132. DOI: 

10.1371/journal.pone.0115132 

Asmyhr MG, Cooper SJB (2012) Difficulties barcoding in the dark: the case of crustacean 

stygofauna from eastern Australia. Invertebrate Systematics, 26(6), 583-591. 

doi:10.1071/IS12032 

Austral Research and Consulting (2014) Rolleston Coal Expansion Project – Stygofauna Pilot Survey 

2014. Report to AECOM. 

www.rollestonexpansionproject.com.au/EN/Publications/EIS/Appendix%20M-

3%20Stygofauna%20Pilot%20Survey%20%28Phase%202%29.pdf. Accessed 30/06/15. 

Australia Government (2015), Australia atlas of minerals resources, mines and processing centres, 

Coal Seam Gas Factsheet. www.australianminesatlas.gov.au/mapping/downloads.html 

Australian Bureau of Statistics (ABS) (2006), Experimental Estimates of Regional Water Use, 

Australia, 2004-2005. ABS Catalogue No 4610.0.55.002. ABS: Canberra. 

Australian Bureau of Statistics (ABS) (2008), Water Use of Australian Farms 2005–06. ABS: 

Canberra. Available at http://abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4618.02005-

06?OpenDocument. 

Bailey J (2010) Groundwater depth and biological interactions in an Upland Swamp on the 

Budderoo Plateau, NSW. Unpublished BSc Honours thesis, Macquarie University, Sydney. 

Balke M, Watt, CHS, Cooper SJB, Humphreys WF, Vogler AP (2004) A highly modified stygobitic 

diving beetle of the genus Copelatus (Coleoptera, Dytiscidae): Taxonomy and cladistic 

analysis based on mtDNA sequences. Systematic Entomology 29, 59-67. 



 

50   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

Bennelongia (2008) Risk Assessment for Bathynellidae at the Central West Coal Project.  Prepared 

for Aviva Corporation Ltd Bennelongia Pty Ltd. Report 2008/54. 

www.bennelongia.com.au/wp-content/uploads/2012/08/BEC_16.pdf. Accessed 30/06/15. 

BMR Palaeogeographic Group (1990) Australia, Evolution of a Continent. Canberra, Australia: 

Australian Government Publishing Service. 

Bork J, Berkhoff S, Bork S, Hahn HJ (2009) Using subsurface metazoan fauna to indicate 

groundwater-surface water interactions in the Nakdong river floodplain, South Korea. 

Hydrogeology Journal 17, 61-75. 

Boulton AJ, Fenwick GD, Hancock PJ, Harvey MS (2008) Biodiversity, functional roles and 

ecosystem services of groundwater invertebrates. Invertebrate Systematics, 22, 103-116. 

Bradbury JH, Williams WD (1997) The amphipod (Crustacea) stygofauna of Australia: description of 

new taxa (Melitidae, Neoniphargidae, Paramelitidae), and a synopsis of known species. 

Records of the Australian Museum 49(3), 249–341.  

Bradbury JH (1999) The systematics and distribution of Australian freshwater amphipods: a 

review. In Proceedings of the Fourth International Crustacean Congress, Amsterdam, The 

Netherlands. Schram FR, von Vaupel Klein JC eds. Leiden, The Netherlands: Brill. pp. 533–40 

Bradford T, Adams M, Humphreys WF, Austin AD, Cooper SJB (2010) DNA barcoding of stygofauna 

uncovers cryptic amphipod diversity in a calcrete aquifer in Western Australia’s arid zone. 

Molecular Ecology Resources, 10, 41–50. doi:10.1111/j.1755-0998.2009.02706.x 

Bretschko G (1992) Differentiation between epigenic and hypogenic fauna in gravel streams. 

Regulated Rivers: Research and Management, 7(1): 17-22. 

Brown A, Thatje S (2015) The effects of changing climate on faunal depth distributions determine 

winners and losers. Global Change Biology. 21, 173–180. doi: 10.1111/gcb.12680 

Brunke M, Gonser T (1997) The ecological significance of exchange processes between rivers and 

groundwater. Freshwater Biology 37,1–33. 

Bureau of Rural Science (BRS) (2007) Water 2010 Project: River Basin Summary – Hunter River. 

Canberra: BRS. Available at: 

http://adl.brs.gov.au/water2010/pdf/catchment_210_0_summary.pdf 

C&R Consulting (2013) Moranbah South Stygofauna Report. Prepared for Hansen & Bailey Pty Ltd. 

www.hansenbailey.com.au/documents/moranbah/Appendix_H_Stygofauna_Report_lowres.

pdf. Accessed 30/06/15. 

Cardno (2014a) Springvale Mine Extension Project - Aquatic Ecology and Stygofauna Assessment. 

Report NA49913131 prepared for Springvale Coal Pty Limited. CARDNO. 

www.centennialcoal.com.au/~/media/Files/Springvale%20Extension%20Documents/Plannin

g%20Design%20and%20Approvals/Appendix%20G%20-

%20Aquatic%20Ecology%20and%20Stygofauna%20Assessment.ashx. Accessed 30/06/15. 

Cardno (2014b) Angus Place Mine Extension Project - Aquatic Ecology and Stygofauna Assessment. 

Report NA49913131 prepared for Centennial Angus Place. 

www.centennialcoal.com.au/~/media/Files/Angus%20Place%20Extension%20Documents/Pl

anning%20Design%20and%20Approvals/Planning%20and%20Design%20Approvals/Appendi



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  51 

x%20G%20-%20Aquatic%20Ecology%20and%20Stygofauna%20Assessment.ashx. Accessed 

30/06/15. 

Chilcott S (2013) Adapting to climate change: A risk assessment and decision making framework 

for managing groundwater dependent ecosystems with declining water levels. Supporting 

document 5: The impact of declining groundwater levels on stygofauna communities in the 

Leeuwin Naturaliste Ridge Cave systems, Western Australia, National Climate Change 

Adaptation Research Facility, Gold Coast, 75 pp.  

Coal Seam Gas Water (2012) Underground Water Impact Report for the Surat Cumulative 

Management Area. Queensland Water Commission, Brisbane. 

Commonwealth of Australia (2014a) Subsidence from coal mining activities, Background review. 

Prepared by Sinclair Knight Merz Pty Ltd for the Department of the Environment, Public 

Affairs, Commonwealth of Australia, Canberra. Available at www.iesc.environment.gov.au 

Commonwealth of Australia (2014b) Subsidence from coal seam gas extraction in Australia, 

Background review. Prepared by Sinclair Knight Merz Pty Ltd for the Department of the 

Environment, Public Affairs, Commonwealth of Australia, Canberra. Available at 

www.iesc.environment.gov.au 

Commonwealth of Australia (2014c) Ecological and hydrogeological survey of the Great Artesian 

Basin springs - Springsure, Eulo, Bourke and Bogan River supergroups. Volume 1: history, 

ecology and hydrogeology, Knowledge report, prepared by UniQuest for the Department of 

the Environment, Public Affairs, Commonwealth of Australia, Canberra. 

http://www.environment.gov.au/system/files/resources/edd20074-c291-4df6-9a24-

b98d24696378/files/gab-springs-survey-vol-1.pdf 

Commonwealth of Australia (2014d) Co-produced water - risks to aquatic ecosystems, Background 

review. Department of the Environment. Canberra. Available at 

www.environment.gov.au/system/files/resources/e3839672-583c-4bc0-8efe-

82d6f006976e/files/background-review-co-produced-water.pdf Accessed 30/6/15 

Commonwealth of Australia (2015) Modelling water-related ecological responses to coal seam gas 

extraction and coal mining, prepared by Auricht Projects and the Commonwealth Scientific 

and Industrial Research Organisation (CSIRO)for the Department of the Environment, 

Commonwealth of Australia’ 

http://www.environment.gov.au/system/files/resources/83770681-a40b-4fa2-bf6e-

8d41022873bd/files/modelling-water-related-ecological-responses-csg-extraction.pdf 

accessed 19/6/15 

Cook BD, Abrams KM, Marshall J, Perna CN, Choy S, Guzik MT, Cooper SJB (2012) Species diversity 

and genetic differentiation of stygofauna (Syncarida : Bathynellacea) across an alluvial 

aquifer in north-eastern Australia. Australian Journal of Zoology 60, 152–158. 

Cooper SJB, Bradbury JH, Saint KM, Leys R, Austin AD, Humphreys WF (2007) Subterranean 

archipelago in the Australian arid zone: mitochondrial DNA phylogeography of amphipods 

from central Western Australia. Molecular Ecology 16, 1533-1544. 



 

52   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

Cooper SJB, Hinze S, Leys R, Watts, CHS, Humphreys WF (2002) Islands under the desert: 

molecular systematics and evolutionary origins of stygobitic water beetles (Coleoptera: 

Dytiscidae) from central Western Australia. Invertebrate Systematics 16, 589-598.  

Cooper SJB, Saint KM, Taiti S, Austin AD, Humphreys WF (2008) Subterranean archipelago: 

mitochondrial DNA phylogeography of stygobitic isopods (Oniscidea:Haloniscus) from the 

Yilgarn region of Western Australia. Invertebrate Systematics. 22, 195 

CSIRO (2008) Water Availability in the Condamine-Balonne – A Report to the Australia 

Government from the CSIRO Murray-Darling Basin Sustainable Yields Project. Canberra. 

Danielopol DL, Rouch R, Pospisil P, Torreiter P, Mösslacher F (1997) Ecotonal animal assemblages: 

their interest for groundwater studies. In Gibert J., Mathieu J., Fournier F. (eds.) 

Groundwater/surface water ecotones. Cambridge University Press, Cambridge. 

Danielopol DL, Pospisil P, Rouch R (2000) Biodiversity in groundwater: a large-scale view. Trends in 

Ecology and Evolution 15, 223-224. 

Datry T, Malard F, Gibert J (2005) Response of invertebrate assemblages to increased groundwater 

recharge rates in a phreatic aquifer. Journal of the North American Benthological Society 

24(3), 461-477. 

Davidson S, de Silva A (2013) The Australian Coal Industry – Adding value to the Australian 

Economy, paper commissioned by the Australian Coal Association, April 2013, p. 7 

De Deckker P (1979) Ostracods from the mound springs area between Strangways and Curdimuka, 

South Australia. Proceedings of the Royal Society of South Australia 103, 155–168.  

DEEDI (2010) Queensland’s coal-mines and advanced projects, Department of Employement, 

Economic Development, and Innovation. www.deedi.qld.gov.au 

DERM (2011) Queensland’s Water Resources Plans: Annual Report 2010/11. Brisbane: DERM. 

Dillon P, Kumar A, Kookana R, Leijs R, Reed D, Parsons S, Ingerson G (2009) Managed Aquifer 

Recharge - Risks to Groundwater Dependent Ecosystems - A Review. Water for a Healthy 

Country Flagship. Report to Land and Water Australia, 2009. 

Dodson JR, Roberts FK, DeSalis T (1994) Palaeoenvironments and human impact at Burraga Swamp 

in montane rainforest, Barrington Tops National Park, New South Wales, Australia. 

Australian Geographer 25,161-169 

Dubey S, Shine R (2010) Restricted dispersal and genetic diversity in populations of an endangered 

montane lizard (Eulamprus leuraensis, Scincidae). Molecular Ecology 19, 886–897. 

Dumas P, Bou C, Gibert J (2001) Groundwater macrocrustaceans as natural indicators of the Ariege 

Alluvial aquifer. Int. Rev. Hydrobiol. 86(6), 619-633. 

Eamus D, Froend R, Murray BR, Hose GC (2006) A functional methodology for determining the 

groundwater regime needed to maintain health of groundwater dependent ecosystems. 

Australian Journal of Botany. 54, 97-114.  

Eberhard SM, Davies S (2011) Impacts of Drying Climate on aquatic cave fauna in Jewel Cave and 

other caves in southwest Western Australia. Journal of the Australasian Cave and Karst 

Management Association, 83, 6-13 



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  53 

Eberhard SM, Halse SA, Humphreys WF (2005) Stygofauna in the Pilbara region, north-west 

Western Australia: a review. Journal of the Royal Society of Western Australia 88, 167–176. 

Eberhard SM, Halse SA, Williams M, Scanlon M, Cocking J, Barron H (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. 

Eco Logical Australia (2011) Watermark Coal project Stygofauna Impact Assessment. Prepared for 

Shenhua Watermark Coal Pty Limited. 

https://majorprojects.affinitylive.com/public/9d68d505096576f0f2bb0642e5902259/24.%2

0Watermark%20Coal%20Project%20EIS%20-%20Appendix%20U%20-

%20Stygofauna%20Impact%20Assessment.pdf. Accessed 30/06/15. 

Eco Logical Australia (2013a) Baralaba North Continued Operations Project – Stygofauna 

Assessment. Prepared for Cockatoo Coal Limited. 

www.baralabacoal.net.au/bar/assets/File/BNCOP%20EIS%20May%202014/Appendix%20P%

20-%20Stygofauna%20Assessment.pdf. Accessed 30/06/15. 

Eco Logical Australia (2013b) Continuation of Bengalla Mine – Stygofauna Assessment. Prepared 

for Hansen Bailey and Bengalla Mining Company Pty Ltd. 

www.riotinto.com/documents/_Energy/BEN_2013_Appendix_P.pdf. Accessed 30/06/15. 

Eco Logical Australia (2013c) Lidell Coal Mine Extension – Aquatic Ecology and Groundwater 

Dependent Ecosystem Assessment. Prepared for Lidell Coal Operations Pty Ltd. 

www.liddellcoal.com.au/EN/LicencesandApprovals/Documents/Appendix%20J.pdf. Accessed 

30/06/15. 

Eco Logical Australia (2014) Elimatta stygofauna habitat assessment. Prepared for AustralAsian 

Resource Consultants. 

www.newhopegroup.com.au/files/files/projects/elimatta/2014/appendix/29%20Appendix%

20AC%20Stygofauna%20Habitat%20Assessment.pdf. Accessed 30/06/15. 

Eco Logical Australia (2015) Drayton Mine Extension: Stygofauna Assessment. Prepared for Hansen 

Bailey Pty Ltd. 

www.hansenbailey.com.au/documents/drayton/App_W_Stygofauna_Impact_Assessment.p

df. Accessed 30/06/15. 

frc environmental (2013a) Boundary Hill Expansion Environmental Impact Statement – Stygofauna 

Pilot Study. Report 111103 prepared for AECOM on behalf of Anglo American (Callide Mine). 

http://australia.angloamerican.com/~/media/Files/A/Anglo-American-Australia-

V2/Attachments/boundary-hill-south/volume6/Appendix-Q2-Stygofauna-Assessment.pdf. 

Accessed 30/06/15. 

frc environmental (2013b) Stygofauna report for the Minyango Project. Report to Hansen Bailey 

Pty Ltd. www.caledon.com.au/sites/default/files/cis/G%20-

%20Stygofauna%20Report%20low%20res.pdf. Accessed 30/06/15. 

Freeze RA, Cherry JA (1979) Groundwater. Prentice Hall, Englewood Cliffs, USA. 

GHD (2012a) Galilee Coal Project Supplementary EIS- Subterranean Fauna Survey. Report to 

Waratah Coal. GHD. 



 

54   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

www.southgalilee.com.au/files/EIS/SGCP_EIS_Appendix_O_Aquatic_Ecology_Technical_Rep

ort.pdf. Accessed 30/06/15. 

GHD (2012b) Stygofauna survey. Technical Report for Carmichael Coal Mine and rail project EIS. 

GHD. 

www.adanimining.com/Common/Uploads/EISDocuments/120_EISDoc_O2%20Stygofauna%2

0Survey%20Report.pdf. Accessed 30/06/15. 

GHD (2013) Teresa Coal Project EIS – Stygofauna Pilot Study. Report 41/25496/2 Prepared for Linc 

Energy Ltd. www.newemeraldcoal.com/wp-content/uploads/2014/02/Volume-2_Appendix-H.2.pdf. 

Accessed 30/06/15. 

Gounot AM (1994) Microbial ecology of ground waters. In Groundwater Ecology, Gibert, J., 

Danielopol, D., Stanford, J., eds. San Diego, California: Academic Press, pp. 189-215.  

Griebler C, Lueders T (2009) Microbial biodiversity in groundwater ecosystems. Freshwater Biology 

54, 649-677. 

Griebler C, Mindl B, Slezak D, Geiger-Kaiser M (2002) Distribution patterns of attached and 

suspended bacteria in pristine and contaminated shallow aquifers studied with an in situ 

sediment exposure microcosm. Aquatic Microbial Ecology, 28, 117–129. 

Guzik MT, Adams MA, Murphy NP, Cooper SJB, Austin AD (2012) Desert Springs: Deep 

Phylogeographic Structure in an Ancient Endemic Crustacean (Phreatomerus latipes). PLoS 

ONE 7(7): e37642. doi:10.1371/journal.pone.0037642 

Guzik MT, Austin AD, Cooper SJB, Harvey MS, Humphreys WF, Bradford T, Eberhard SM, King RA, 

Leys R, Muirhead KA, Tomlinson M (2010) Is the Australian subterranean fauna uniquely 

diverse? Invertebrate Systematics, 24, 407-418. doi:10.1071/IS10038 

Guzik MT, Cooper SJB, Humphreys WF, Cho J-L, Austin A (2008) Phylogeography of the ancient 

Parabathynellidae (Crustacea: Bathynellacea) from the Yilgarn region of Western Australia. 

Invertebrate Systematics 22, 205–216. doi:10.1071/IS07040  

Haddaway NR, Mortimer RJG, Christmas M, Dunn AM (2013) Effect of pH on Growth and Survival 

in the Freshwater Crayfish Austropotamobius pallipes. Freshwater Crayfish 19(1),53–62,doi: 

10.5869/fc.2013.v19.053 

Hahn HJ, Fuchs A (2009) Distribution patterns of groundwater communities across aquifer types in 

south-western Germany. Freshwater Biology 54, 848-860. 

Hahn HJ (2006) The GW-Fauna Index: A first approach to a quantitative ecological assessment of 

groundwater habitats. Limnologica 36, 119-137 

Haines TA (1981) Acidic Precipitation and Its Consequences for Aquatic Ecosystems: A Review. 

Transactions of the American Fisheries Society, 110, 669-707. 

Hallam F, Yacoubi-Khebiza M, Oufdou K, Boulanouar M (2008). Groundwater quality in an arid 

area of Morocco: impact of pollution on biodiversity and relationships between crustaceans 

and bacteria of health interest. Environmental Technology 29 (11), 1179-1189 

Halse SA, Scanlon MD, Cocking JS, Barron HJ, Richardson JB, Eberhard SM (2014) Pilbara 

stygofauna: deep groundwater of an arid landscape contains globally significant radiation of 

biodiversity. Records of the Western Australian Museum, Supplement 78, 443-483 



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  55 

Hancock PJ, Boulton AJ (2008) Stygofauna biodiversity and endemism in four alluvial aquifers in 

eastern Australia. Invertebrate Systematics, 22, 117-126. 

Hancock PJ, Boulton AJ (2009) Sampling groundwater fauna: efficiency of rapid assessment 

methods tested in bores in eastern Australia. Freshwater Biology, 54, 902-917. 

Hancock PJ, Boulton AJ, Humphreys WF (2005) Aquifers and hyporheic zones: towards an 

ecological understanding of groundwater. Hydrogeology Journal 13 (1), 98-111. 

Hancock PJ (2009) Alluvial aquifer fauna during and following drought. Groundwater in the Sydney 

Basin Symposium, Sydney, August 4-5. 

Hartland A, Fenwick GD, Bury SJ (2011) Tracing sewage derived organic matter into a shallow 

groundwater food web using stable isotope and fluorescence signatures. Marine and 

Freshwater Research, 62, 119–129. 

Harvey MS (2002) Short-range endemism in the Australian fauna: some examples from non-

marine environments. Invertebrate Systematics 16, 555-570. 

Hobbs III, HH (2000) Crustacea. In Ecosystems of the World 30. Subterranean Ecosystems. Wilkens 

H, Culver DC, Humphreys WF eds. Amsterdam: Elsevier. 

Hose GC (2005) Assessing the need for groundwater quality guidelines using the species sensitivity 

distribution approach. Human and Ecological Risk Assessment. 11, 951-966. 

Hose GC (2007) A response to comments on Assessing the need for groundwater quality guidelines 

using the species sensitivity distribution approach. Human and Ecological Risk Assessment. 

13, 241-246. 

Hose GC (2008) Stygofauna baseline assessment for Kangaloon Borefield Investigations- Southern 

Highlands, NSW. Report to Sydney Catchment Authority, Access Macquarie Ltd, North Ryde.  

Hose GC (2009) Stygofauna baseline assessment for Kangaloon Borefield Investigations- Southern 

Highlands, NSW. Supplementary Report – Stygofauna molecular studies. Report to Sydney 

Catchment Authority, Access Macquarie Ltd, North Ryde.  

Hose GC, Asmyhr MG, Cooper SJB, Humphreys WF (2015) Down Under Down Under: Austral 

Groundwater Life. In Stow A, Maclean N, Holwell GI (eds) Austral Ark. Cambridge Uni Press. 

pp 512-536. 

Hose GC, Lategan MJ (2012) Sampling strategies for biological assessment of groundwater 

ecosystems, CRC CARE Technical Report no. 21, CRC for Contamination Assessment and 

Remediation of the Environment, Adelaide, Australia.  

Hose GC, Symington K, Lategan MJ. The toxicity of arsenic (III), chromium (VI) and zinc to 

groundwater copepods. Environmental Science and Pollution Research. In review. 

Humphreys G, Alexander J, Harvey MS, Humphreys WF (2013) The subterranean fauna of Barrow 

Island, north-western Australia: 10 years on. Records of the Western Australian Museum 

Supplement 83, 145–158 

Humphreys WF (1993) The significance of the subterranean fauna in biogeographical 

reconstruction: examples from Cape Range peninsula, Western Australia. Records of The 

Western Australian Museum Supplement 45, 165-192 



 

56   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

Humphreys WF (2000) The hypogean fauna of the Cape Range peninsula and Barrow Island, 

northwestern Australia. In Ecosystems of the World 30 Subterranean Ecosystems Wilkens H, 

Culver DC, Humphreys WF (eds) Amsterdam: Elsevier pp 581– 601.  

Humphreys WF (2001) Groundwater calcrete aquifers in the Australian arid zone: The context to 

an unfolding plethora of stygal biodiversity. Records of the Western Australian Museum, 

(Supplement 64), 63-83. 

Humphreys WF (2006) Aquifers: the ultimate groundwater dependent ecosystem. Australian 

Journal Botany, 54, 115-132. 

Humphreys WF (2008) Rising from Down Under; Developments in subterranean biodiversity in 

Australia from groundwater fauna perspective. Invertebrate Systematics, 22, 85-101. 

Humphreys WF (2012) Diversity patterns in Australia. In Encyclopedia of Caves, 2nd edn. Culver D, 

and White W. eds, San Diego: Academic Press. pp 203-219. 

Humphreys WF, Watts CHS, Cooper SJB, Leijs R (2009) Groundwater estuaries of salt lakes: buried 

pools of endemic biodiversity on the western plateau, Australia. Hydrobiologia. 2009 626, 

79-95  

Iliffe TM (2000) Anchialine cave ecology. In Ecosystems of the World 30 Subterranean Ecosystems 

Wilkens H, Culver DC, Humphreys WF (eds) Amsterdam: Elsevier pp 59-76  

Janse C (1981) Interactions of sensory systems and orientation behaviour in Lymnaea stagnalis (L) 

In Salanki J (Ed) Neurobiology of Invertebrates: Mechanisms of Integration Advances of 

Physiological Sciences. 23, 115-130 

Jasinska E, Knott B (2000) Root driven faunas in cave waters. In Ecosystems of the World 30 

Subterranean Ecosystems Wilkens H, Culver DC, Humphreys WF (eds) Amsterdam: Elsevier 

pp 287-307. 

Jaume D, Boxshall GA, Humphreys WF (2001) New stygobiont copepods (Calanoida; Misophrioida) 

from Bundera Sinkhole, an anchialine cenote in north-western Australia. Zoological Journal 

of the Linnean Society 133, 1-24 

Jaume D (2008) Global diversity of spelaeogriphaceans and thermosbaenaceans (Crustacea; 

Spelaeogriphacea and Thermosbaenacea) in freshwater. Hydrobiologia, 595, 219-224 

Jaume, D, Boxshall, GA (2009) Life in extreme environments: anchialine caves. In Marine Ecology 

Duarte CM, Lota A (eds) Encylopedia of Life Support Systems (EOLSS). UNESCO-EOLSS Paris, 

France 

Johns T, Jones J, Knight L, Maurice L, Wood P, Robertson A (2015) Regional-scale drivers of 

groundwater faunal distributions Freshwater Science, 34(1),316-328 doi:101086/678460 

Juberthie C (2000) The diversity of the karstic and pseudokarstic hypogean habitats in the world. In 

Ecosystems of the World 30 Subterranean Ecosystems Wilkens H, Culver DC, Humphreys WF 

(eds) Amsterdam: Elsevier pp 17-39 

Karanovic I (2012) Recent freshwater ostracods of the world: Crustacea, Ostracoda, Podocopida 

Berlin: Springer-Verlag. 



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  57 

Karanovic T, Eberhard S, Perina G, Callan S (2013) Two new subterranean ameirids 

(Crustacea : Copepoda : Harpacticoida) expose weaknesses in the conservation of short-

range endemics threatened by mining developments in Western Australia. Invertebrate 

Systematics 27, 540–566. http://dx.doi.org/10.1071/IS12084 

Kaye L, Barret D, Vink S, Roux E, Murray C, White J, Robbins S (2012) Coal Seam Gas, Coal and 

Agriculture: Water Implications, Sustainable Minerals Institute, The University of 

Queensland. 

Kefford BJ, Papas PJ, Nugegoda D (2003) Relative salinity tolerance of macroinvertebrates from the 

Barwon River, Victoria, Australia Marine and Freshwater Research, 54: 755-765 

Korbel K, Hose GC (2015) Water quality, habitat, site or climate? Identifying environmental 

correlates of the distribution of groundwater biota Freshwater Sciences 34:329-343 

Korbel K, Lim RP, Hose GC (2013b) An inter-catchment comparison of groundwater biota in the 

cotton growing region of NW NSW Crop and Pasture Science 64:1195–1208 

doi:101071/CP13176 

Korbel KL, Hancock PJ, Serov P, Lim RP, Hose GC (2013a) Groundwater ecosystems change with 

landuse across a mixed agricultural landscape. Journal of Environmental Quality 42, 380–390 

Korbel KL, Hose GC (2011) A tiered framework for assessing groundwater ecosystem health 

Hydrobiologia 661,329–349 

Lategan MJ, Torpy F, Newby S, Stephenson S, Hose GC (2012) Fungal communities vary among 

aquifers, providing potential indicators of groundwater contamination Geomicrobiology 

Journal 29, 352-361 

Leys R, Roudney B, Watts CHS (2010) Paroster extraordinarius sp nov, a new groundwater diving 

beetle from the Flinders Ranges, with notes on other diving beetles from gravels in South 

Australia (Coleoptera: Dystiscidae). Australian Journal of Entomology 49, 66-72 

Leys R, Watts CH, Cooper SJ, Humphreys WF (2003) Evolution of subterranean diving beetles 

(Coleoptera: Dytiscidae: Hydroporini, Bidessini) in the arid zone of Australia. Evolution, 57, 

2819-2834. 

Leys R, Watts CHS (2008) Systematics and evolution of the Australian subterranean hydroporine 

diving beetles (Dytiscidae), with notes on Carabhydrus. Invertebrate Systematics, 22,  217-

225 

Lincoln RJ (1971) Observations of the effects of changes in hydrostatic pressure and illumination 

on the behaviour of some planktonic crustaceans. Journal of Experimental Biology. 54, 677-

688. 

Lincoln Smith M, Dye A, Hose GC, Sharp S (2010) Effects of Mine Water Salinity on Freshwater 

Biota Investigations of Coal Mine Water Discharge in NSW. Report 8/0506A Report to 

Australian Coal Association Research Program. 

Little J (2014) Genetic structure in stygofauna inhabiting alluvial groundwater of adjacent 

subcatchments, Queensland Unpublished BSc Honours thesis, Griffith University, 

Queensland. 



 

58   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

Malard F, Mathieu J, Reygrobellet JL, Lafont M (1996) Biomonitoring groundwater contamination: 

Application to a Karst area in Southern France. Aquatic Sciences, 58, 158-187. 

Maules Ck Community Inc. (2012) Groundwater Dependent Ecosystems of the Maules Creek 

Alluvial Aquifer. Ref No.: 2011/01583. Ministerial Briefing for Tony Burke. December 5, 2012. 

www.maulescreek.org/wp-content/uploads/2013/07/2012-Ministerial-Briefing-GDE-

Maules-Ck-Alluvial-Aquifer-3.0.pdf. Accessed 30/06/15. 

Menció A, Korbel K, Hose GC (2014) River-aquifer interactions and their relationship to stygofauna 

assemblages: A case study of the Gwydir River alluvial aquifer (New South Wales, Australia) 

Science of the Total Environment 479–480, 292–305. 

Minerals Council of Australia (MCA) (indet) Coal hard facts. Minerals council of Australia Forrest, 

ACT. http://wwwmineralsorgau/file_upload/files/resources/coal/Coal_Hard_Factspdf 

Accessed 28/06/15 

Moran C, Vink S (2010) Assessment of impacts of the proposed coal seam gas operations on 

surface and groundwater systems in the Murray-Darling Basin, Centre for Water in the 

Minerals Industry, Sustainable Minerals Institute, The University of Queensland. 

http://www.environment.gov.au/epbc/notices/assessments/pubs/coal-seam-gas-

operations-impacts.pdf Accessed 1/10/15 

Morgan E (1984) The pressure-responses of marine-invertebrates - a psychophysical perspective. 

Zoological Journal of the Linnean Society 80, 209-230. 

Mösslacher F (1998) Subsurface-dwelling crustaceans as indicators of hydrological connections, 

oxygen concentrations and sediment structure in an alluvial aquifer. Internationale Revue 

der gesamten Hydrobiologie, 83,349-364 

Mösslacher F (2000) Sensitivity of groundwater and surface water crustaceans to chemical 

pollutants and hypoxia: implications for pollution management Archiv Fur Hydrobiol 149, 51-

66. 

Mount DR, Gulley DD, Hockett JR, Garrison TD, Evans JM (1997) Statistical models to predict the 

toxicity of major ions to Ceriodaphnia dubia, Daphnia magna and Pimephales promelas 

(fathead minnows). Environmental Toxicology and Chemistry 16(10), 2009-2019. 

Murphy NP, Adams M, Austin AD (2009) Independent colonization and extensive cryptic speciation 

of freshwater amphipods in the isolated groundwater springs of Australia's Great Artesian 

Basin Molecular Ecology, 18, 109-122. 

National Water Commission (2014) Overview of state and territory regulatory and policy 

arrangements, http://www.nwcgovau/publications/topic/water-planning/water-for-mining-

and-unconventional-gas-under-the-national-water-initiative/overview-of-state-and-

territory-regulatory-and-policy-arrangements 

Neville JC, Hancock PJ, Murray BR, Ponder WF, Humphreys WF, Phillips ML, Groom PK (2010) 

Groundwater-dependent ecosystems and the dangers of groundwater overdraft : a review 

and an Australian perspective. Pacific Conservation Biology, 16, 187-208. 



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  59 

NOW (2011) Macquarie Generation – Water Licensing Package New South Wales Office of Water 

Sydney Available at: http://wwwwaternswgovau/Water-licensing/Corporate-

licences/Majorutilities/Macquarie-Generation/Macquarie-Generation/defaultaspx 

NSW Department of Water and Energy (DWE) (2009) Water sharing plan - Hunter unregulated and 

alluvial water sources - Background document. Sydney. State of New South Wales through 

the Department of Water and Energy. 

Osborne RAL, Zwingmann H, Pogson RE, Colchester DM (2006) Carboniferous clay deposits from 

Jenolan Caves, New South Wales: implications for timing of speleogenesis and regional 

geology. Australian Journal of Earth Sciences 53, 377–405 doi:101080/ 08120090500507362 

Pabich W, Valiela I, Hemond H (2001) Relationship between DOC concentration and vadose zone 

thickness and depth below water table in groundwater of Cape Cod, U.S.A. Biogeochemistry 

55, 247-268. 

Page TJ, Humphreys WF, Hughes JM (2008) Shrimps Down Under: Evolutionary Relationships of 

Subterranean Crustaceans from Western Australia (Decapoda: Atyidae: Stygiocaris). PLoS 

ONE, 3, e1618, 1-12.  

Ponder WF (1995) Mound spring snails of the Great Artesian Basin’, in KE Alison (ed), The 

conservation biology of molluscs. World Conservation Union, pp 13–18. 

QCoal Group (2013) Chapter 20 Byerwen Coal Project. Environmental Impact Statement. 

www.byerwen-eis.qcoal.com.au/s/eis/pdf/33/C-20_Stygofauna.pdf. Accessed 30/06/15. 

Queensland Government (2014), Coal Seam Gas production from 2005 – June 2014, 

https://dataqldgovau/dataset/coal-seam-gas-production-and-reserve-

statistics/resource/63a8a6cc-7fb6-4040-b4e7-9d453b14d3ed 

QWC (2012) Underground Water Impact Report for the Surat Cumulative Management Area, 

Queensland Water Commission, State of Queensland. 

Reeves JM, De Deckker P, Halse SA (2007) Groundwater ostracods from the arid Pilbara region of 

northwestern Australia: distribution and water chemistry Hydrobiologia 585, 99–118 

Sander R, Hodgkinson J, Pinetown K (2014) Coal and coal seam gas resource assessment for the 

Maranoa-Balonne-Condamine subregion Product 12 for the Maranoa-Balonne-Condamine 

subregion from the Northern Inland Catchments Bioregional Assessment Department of the 

Environment, Bureau of Meteorology, CSIRO and Geoscience Australia, Australia  

Schmidt S, Hahn HJ, Hatton T, Humphreys WF (2007) Do faunal assemblages reflect the exchange 

intensity in groundwater zones? Hydrobiologia 583, 1-19 

Schminke HK (2011) Arthropoda: Crustacea: Malacostraca: Bathynellacea Parabathynellidae In 

Invertebrate Fauna of the World Vol 21 Incheon, Republic of Korea: National Institute of 

Biological Resources 

Schulz C, Steward AL, Prior A (2013) Stygofauna presence within fresh and highly saline aquifers of 

the border rivers region in southern Queensland Proceedings of the Royal Society of 

Queensland 118, 27-35 

Serov PA (2002) A preliminary identification of Australian Syncarida (Crustacea), CRC Freshwater 

Ecology, Albury. 



 

60   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

Shen Y, Chapelle F, Strom E, Benner R (2015) Origins and bioavailability of dissolved organic matter 

in groundwater. Biogeochemistry 122, 61-78 

Silcock JL (2010) Experiencing waterholes in an arid environment, with particular reference to the 

Lake Eyre Basin, Australia: a review Geographical Research DOI: 101111/j1745-

5871201000642x 

Simon KS, Buikema AL (1997) Effects of organic pollution on an Appalachian cave: Changes in 

macroinvertebrate populations and food supplies. American Midland Naturalist, 138, 387-

401 

Sket B (2008) Can we agree on an ecological classification of subterranean animals? Journal of 

Natural History, 42, 1549-1563 

SKM (2008) Fitzroy Basin Water Resource Plan Amendment – Callide Catchment Groundwater 

Project– Queensland government May 2008 Sinclair Knight Merz 

Springsure Creek (2013) Chapter 12 – Ecology. Springsure Creek Environmental Impact. 

www.springsurecreekproject.com.au/assets/library/Coal_Mine/Revised_EIS_Chapters/12_E

cology.pdf. Accessed 30/06/15. 

Stanford JA, Ward JV (1988) The hyporheic habitat of river ecosystems. Nature 335,64-66 

Stein H, Kellermann C, Schmidt SI, Brielmann H, Steube C, Berkhoff SE, Hahn HJ, Thulin B, Griebler 

C (2010) The potential use of fauna and bacteria as ecological indicators for the assessment 

of groundwater quality. Journal of Environmental Monitoring 12, 242-254 

Stephenson S, Chariton A, O’Sullivan M, Gillings M, Holley M, Hose GC (2013) Changes in microbial 

assemblages along a gradient of hydrocarbon contamination in a shallow coastal sand 

aquifer Geomicrobiology Journal 30, 623-634 

Stoch F, Artheau M, Brancelj A, Galassi DMP, Malard F (2009) Biodiversity indicators in European 

ground waters: towards a predictive model of stygobiotic species richness. Freshwater 

Biology, 54, 745–755 doi:101111/j1365-2427200802143x 

Strayer DL (1994) Limits to biological distributions in groundwater In Gibert J, DL Danielopol, JA 

Stanford (eds), Groundwater Ecology. Academic Press, San Diego, 287-310 

Stumpp C, Hose GC (2013) Impact of water table drawdown and drying on subterranean aquatic 

fauna in in-vitro experiments PLoS ONE 8(11): e78502 doi:101371/journalpone0078502 

Subterranean Ecology (2012a) Elimatta project stygofauna survey and assessment. Report 2012/15 

prepared for Northern Energy Corporation. 

www.newhopegroup.com.au/files/files/projects/elimatta/33%20Appendix%20AH%20-

%20Stygofauna%20Survey%20and%20Assessment%20-%20Phase%203%20and%204.pdf. 

Accessed 30/06/15. 

Subterranean Ecology (2012b) Elimatta project stygofauna survey. Report 2011/24 prepared for 

Taroom Coal Pty Ltd. 

www.newhopegroup.com.au/files/files/projects/elimatta/2014/appendix/27%20Appendix%

20AA%20Stygofauna%20Survey.pdf. Accessed 30/06/15. 

Thomsen PF, Willerslev E (2015) Environmental DNA – An emerging tool in conservation for 

monitoring past and present biodiversity. Biological Conservation, 183, 4-18. 



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  61 

Thurgate ME, Gough JS, Clarke AK, Serov P, Spate A (2001) Stygofauna diversity and distribution in 

eastern Australian caves and karst areas Records of the Western Australian Museum 

Supplement 64, 49–62 

Tomlinson M (2008) A Framework for Determining Environmental Water Requirements for Alluvial 

Aquifer Ecosystems [PhD] Armidale, Australia: University of New England 

Vadher A, Stubbington R, Wood P (2015) Fine sediment reduces vertical migrations of Gammarus 

pulex (Crustacea: Amphipoda) in response to surface water loss. Hydrobiologia, 753, 61-71 

von Rintelen K, Page TJ, Cai Y, Roe K, Stelbrink B, Kuhajda BR, Iliffe TM, Hughes J, von Rintelen T 

(2012) Drawn to the dark side: A molecular phylogeny of freshwater shrimps (Crustacea: 

Decapoda: Caridea: Atyidae) reveals frequent cave invasions and challenges current 

taxonomic hypotheses Molecular Phylogenetics and Evolution 63, 82-96 

Ward JV, Voelz NJ (1997) Interstitial fauna along an epigean-hypogean gradient in a Rocky 

Mountain river In Gibert J, Mathieu J, Fournier F (eds) Groundwater/surface water ecotones 

Cambridge University Press, Cambridge 

Watts CHS, Humphreys WF (2009) Fourteen new Dytiscidae (Coleoptera) of the genera 

Limbodessus Guignot, Paroster Sharp and Exocelina Broun, from underground waters in 

Australia Transactions of the Royal Society of South Australia 133, 62–107 

Watts CHS, Hancock PJ, Leys R (2007) A stygobitic Carabhydrus Watts (Dytiscidae, Coleoptera) 

from the Hunter Valley in New South Wales, Australia Australian Journal of Entomology, 

46, 56–59  

Watts CHS, Hancock PJ, Leys R (2008) Paroster peelensis sp nov: a new stygobitic water beetle 

from alluvial gravels in northern New South Wales (Coleoptera: Dytiscidae) Australian 

Journal of Entomology, 47, 227-231 

Wilson GDF (2008) Gondwanan groundwater: subterranean connections of Australian 

phreatoicidean isopods to India and New Zealand Invertebrate Systematics 22, 301–310  

Wilson GDF, Ho EL (1996) Crenoicus Nicholls, 1944 (Crustacea, Isopoda, Phreatoicidea): 

systematics and biology of a new species from New South Wales Records of the Australian 

Museum 48(1), 7-32  

Wilson GDF, Johnson, RT (1999) Ancient endemism among freshwater isopods (Crustacea, 

Phreatoicidea) In The Other 99% The Conservation and Biodiversity of Invertebrates Ponder, 

W, Lunney, D eds Transactions of the Royal Zoological Society of New South Wales Mosman, 

Australia: Royal Zoological Society of New South Wales pp 264–268 

Worthington Wilmer JW, Elkin C, Wilcox C, Murray L, Niejalke D, Possingham H (2008) The 

influence of multiple dispersal mechanisms and landscape structure on population clustering 

and connectivity in fragmented artesian spring snail populations. Molecular Ecology Notes, 

17, 3733–3751 

Yager J and Humphreys WF (1996) Lasionectes exleyi sp. nov.,the first remipede crustacean 

recorded from Australia and the Indian Ocean, with a key to the world species. Invertebrate 

Taxonomy 10, 171-187 



 

62   |  Stygofauna in Australian Groundwater Systems: Extent of knowledge 

Young AR (1986) The geomorphic development of dells (Upland Swamps) on the Woronora 

Plateau, NSW, Australia. Zeitschrift fur Geomorphologie 30, 317-327 

Zektser IS, Everett LG (eds): 2004 Groundwater resources of the world and their use, UNESCO IHP-

VI Series on Groundwater No 6 Paris, France: UNESCO. 

  



 

Stygofauna in Australian Groundwater Systems: Extent of knowledge  |  63 

 

 

 

 

CONTACT US 

t  1300 363 400 

 +61 3 9545 2176 

e  enquiries@csiroau 

w  wwwcsiroau 

AT CSIRO WE SHAPE THE FUTURE  

We do this by using science to solve real 

issues Our research makes a difference to 

industry, people and the planet 

As Australia’s national science agency 

we’ve been pushing the edge of what’s 

possible for over 85 years Today we have 

more than 5,000 talented people working 

out of 50-plus centres in Australia and 

internationally Our people work closely 

with industry and communities to leave a 

lasting legacy Collectively, our innovation 

and excellence places us in the top ten 

applied research agencies in the world 

WE  ASK, WE SEEK AND WE SOLVE 

 FOR FURTHER INFORMATION 

Land and Water Flagship 

Dr Olga Barron 

t  +61 8 9333 6367 

e  Olga.Barron@csiro.au 

 

 

 




