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Summary 
Big Island Mining Pty Ltd (BIM) plans to construct and operate the Dargues Reef Gold Project (The Project), near 
Braidwood, NSW.  Cardno Ecology Lab (Cardno) was commissioned by R.W. Corkery & Co. Pty. Ltd., on behalf of BIM to 
undertake ongoing aquatic ecology monitoring for the mine, and, in addition, investigate the stygofauna.  

Geological data and borehole drilling indicate three aquifer systems are present in the underlying strata, these being: 

 A shallow alluvial aquifer system associated with Majors Creek and its tributaries (approximately 0 to 3 m deep); 

 A shallow regolith aquifer within the upper weathered granodiorite (approximately 3 to 15 m deep); and 

 A fractured rock aquifer associated with the deeper fresh granodiorite (generally greater than 15 m deep). 

Sampling was conducted by Cardno and Cortona Resources Ltd. personnel on 20 - 21 June 2012 at six groundwater 
monitoring bores encompassing all aquifer types.  Water was extracted using an inertia pump and passed through a 63 
µm sieve to collect stygofauna.  A total of 200 litres of water was sampled from the two deep granodiorite aquifer 
bores, while 38 litres were sampled from the regolith aquifer at one bore.  A total of 112 litres of water was sampled 
from the alluvial aquifer, this being collected from three bores at two spatially distinct locations (above the escarpment 
near the Project Area and below the escarpment near the town of Araluen). 

Four stygofauna taxa were found in total, these being collected from Site 1 (alluvial aquifer near Araluen) and Site 2 
(regolith aquifer at the head of Spring Creek, a tributary of upper Majors Creek).  All four taxa collected were present at 
Site 1 and one taxon was collected at Site 2.   

All taxa are typical of alluvial aquifers in Australia (P. Hancock, 2012 email comm., 6 September) except for the larval 
Dytiscid beetle Carabhydrus sp.  As subterranean specimens of Carabhydrus sp. are known only from the Hunter Valley, 
north of Sydney and these were adults, further investigation of the identity of the larval specimen is recommended.  The 
use of DNA techniques may provide clarity on this issue. 

Favourable conditions for stygofauna were present at all alluvial bore sites, yet stygofauna abundance and diversity was 
greatest at Site 1 in the lowland alluvial aquifer around the town of Araluen.  No stygofauna were found at Sites 5 and 6 
in the upland alluvial aquifer around Majors Creek, closer to the Project Area, even though a similar volume of water was 
sampled across the two locations.  This indicates that the upland alluvial aquifer is a less suitable environment for 
stygofauna than the lowland aquifer. 
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1 Introduction 
Big Island Mining Pty Ltd (BIM) plans to construct and operate the Dargues Reef Gold Project (The Project), near 
Braidwood, NSW.  An Environmental Assessment (EA) has been prepared by R.W. Corkery & Co. Pty. Ltd. to accompany 
an application for project approval submitted by BIM.  In November 2011, Cardno (NSW/ACT) Pty. Ltd., trading as 
Cardno Ecology Lab, completed an aquatic ecology assessment that formed part of the Water Management Plan for the 
EA (Cardno Ecology Lab 2011).  The assessment recommended that ongoing monitoring of aquatic ecology be 
undertaken during the course of The Project.   

Cardno Ecology Lab (Cardno) was commissioned by R.W. Corkery & Co. Pty. Ltd., on behalf of BIM to undertake ongoing 
aquatic ecology monitoring for the mine, and, in addition, investigate the stygofauna. (i.e. aquatic organisms, usually 
invertebrates, that are adapted to living in groundwater aquifers).  

This report describes the results of the stygofauna investigation which aimed to: 

 Determine the occurrence and diversity of stygofauna within groundwater collected from existing bores within and 
outside of The Project Area; and 

 Determine the need for further studies and / ongoing monitoring of stygofauna over the course of The Project. 

1.1 Overview of existing information 
Stygofauna are distinct from troglofauna which are air-breathing organisms living in subterranean cavities such as caves 
or small air filled voids.  Both belong to the wider community of Groundwater Dependant Ecosystems (GDEs), which 
include terrestrial vegetation and wetland communities sustained by groundwater. 

Stygofauna are found in aquifers that may be associated with existing features of the land surface such as permanent, 
seasonal or ephemeral water courses (typically referred to as alluvium aquifers), or deeper features which may or may 
not be partitioned from the existing land surface (e.g. deep ore bodies).  Stygofauna have been characterised into three 
broad groups: stygoxenes, which occur in subterranean waters but must leave for some period(s) to complete their life 
cycles; stygophiles, which are able to live out lifecycles in subterranean or surface waters; and stygobites, which are 
obligate dwellers in subterranean waters.  The latter group typically displays common morphological characteristics, 
such as loss of eyes, pale or no pigmentation and enhanced sensory structures (Eberhard 2007).  Sampling of 
groundwater may yield all three types of stygofauna.  It may also yield obligate surface dwellers when samples are 
taken from hyporheic habitats (the mixing zone between surface and ground water – typically beneath or adjacent to 
streams).  Finally, terrestrial or flying organisms that fall into bore holes from the air or land surface may also be sampled 
in groundwater. 

Stygofauna are made up predominantly of many kinds of crustaceans, plus worms, snails, insects and a few other 
invertebrate groups.  Fish have also been described (rarely) as stygofauna, such as the Blind Gudgeon and Blind Cave Eel 
of Western Australia.  Taxa are often closely related to those on other continents, a pattern of relationship indicating 
that they had common ancestry on the ancient supercontinents of Gondwana and Pangaea or in the Tethys Ocean 
(Humphreys 2006).  Notwithstanding this broad origin, stygofauna may exhibit high levels of endemism (i.e. species that 
are restricted to particular localities).  DNA analyses are required to discriminate taxonomic groups where identification 
of species based on morphological features is not currently reliable.  

Stygofauna contribute to the biodiversity of Australia (Tomlinson and Boulton 2010, Humphreys 2006).  They may be 
functionally important, especially in hyporheic zones, and they may function in breakdown of organic material and 
grazing of biofilms and assist in the transfer of water by altering interstitial pore size as a result of burrowing/tunnelling 
within aquifers (Hancock et al. 2005).  Boulton et al. (2008) identified several ecosystem services that may be provided 
by groundwater and/or stygofauna.  These include prevention of land subsidence; erosion and flood control via absorption 
of flood waters, reception and bioremediation of wastes and other by-products of human activities; and improvement in 
water quality through biogeochemical water purification.  

Threats to stygofauna typically relate to disturbance of groundwater habitats, such as water extraction, artificial filling 
and contamination (including introduction of toxic chemicals or clogging of pore spaces by fine sediments) (Tomlinson 
and Boulton 2010, Humphreys 2006).  The life-history adaptations of stygofauna to the groundwater environment, such 
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as production of fewer but larger eggs, prolonged egg development and greater longevity compared with surface-dwelling 
relatives, may make them more susceptible to environmental disturbance (Tomlinson and Boulton 2010).   

Research on stygofauna in Australia has been relative intensive in northern Western Australia, particularly in relation to 
mining activities (e.g. Pilbara region – Eberhard et al. 2005).  Studies in eastern Australia have identified relatively 
diverse stygofauna present in alluvial aquifers, including sites in Queensland and the Hunter Region of New South Wales 
(Tomlinson and Boulton 2010, Hancock and Boulton 2008, 2009).  In the latter studies, the greatest number of taxa 
were found in bores with low electrical conductivity (i.e. EC < 1500 µS/cm) and the richest bores (in terms of 
stygofauna) occurred where the water table was less than 10 m deep, associated with the alluvium of larger river 
systems and near phraeophytic trees (i.e. with deep roots penetrating the saturated water of aquifers). 

1.2 NSW groundwater policy and legislation 
Legislative requirements exist for environmental assessments of stygofauna in relation to mining activities in WA and 
Qld.  In New South Wales, groundwater has been regulated since at least 1912 (Water Act 1912 and subsequently 
through the Water Management Act 2000), and whilst there has been a major recognition of the importance of ground 
water in NSW, there has been far less legislative consideration of stygofauna as part of the groundwater ecosystem.   

Several policy documents were developed by the former NSW Department of Land and Water Conservation dealing 
directly with groundwater and groundwater dependant ecosystems.  These include the NSW Groundwater Quality 
Protection Policy (DLWC 1998) and NSW State Groundwater Dependant Ecosystems Policy (DLWC 2002).  Both policy 
documents were aimed at informing management of the states groundwater resources and in the latter case, protection 
of groundwater dependant ecosystems including stygofauna. 

In 2011 the NSW Office of Water began implementing the NSW Aquifer Interference Policy (AIP) (NOW 2011), which 
places a significant emphasis on potential impacts to groundwater associated with the coal and coal seam gas 
industries.  The AIP was given legal effect via the Aquifer Interference Regulation 2011 under the Water Management 
Act 2000, which was enacted on 30 June 2011.  This regulation removes the previous exemption for persons engaged in 
prospecting or fossicking for minerals or petroleum from holding a water access licence and now requires persons 
engaged in these activities to hold a licence, where greater than 3 ML of water per year is extracted.   

In 2012 the NSW Office of Water released risk management guidelines for groundwater dependant ecosystems (NOW 
2012).  This document provides a method for identifying and assigning value to GDEs and provides a framework for 
assessing risks.  The document also provides a comprehensive classification of GDEs, including subsurface ecosystems, 
and worked examples of risk assessment for coastal aquifers on the NSW coast. 

1.3 Geological setting and associated aquifers 
The Project Area is underlain by Devonian-aged Braidwood Granodiorite, with the upper 10 to 15 m of this being 
weathered and forming a sharp contact with the underlying fresh rock.  Gold mineralisation has formed within the 
granodiorite in lenses occurring along a fracture system, and is well developed adjacent to existing diorite dykes.  Near 
the surface, alluvium has been deposited along Majors Creek and colluvium occurs in the upper tributaries such as Spring 
Creek.  The alluvium and colluvium grades into underlying weathered to fresh granodiorite (AGEC, 2010).  

The geological data and borehole drilling indicate the following aquifer systems are present in the underlying strata:   

 A shallow alluvial aquifer system associated with Majors Creek and its tributaries (approximately 0 to 3 m deep); 

 A shallow regolith aquifer within the upper weathered granodiorite (approximately 3 to 15 m deep); and 

 A fractured rock aquifer associated with deeper fresh granodiorite (generally greater than 15 m deep). 

The characteristics of these aquifers and the conditions favourable to stygofauna are outlined in Table 1.  
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Table 1  Groundwater conditions favourable for stygofauna and aquifer conditions at the Dargues 
Reef Project site. 
Characteristic Reported Conditions Conducive to 

Stygofauna (Hancock and Boulton 2008) 
Conditions of 3 Aquifer Types at the Dargues 
Reef Project Area (AG&EC 2010) 

  
Alluvium Regolith Granodiorite 

Groundwater electrical 
conductivity (µScm-1) 

< 1500 µScm-1 410 to 630 360 to 1300 530 to 1250 
(4300 max) 

Groundwater pH          
(pH units) 

known range: 4.3 to 7.37 units 7.0 to 7.6 7.0 to 8.2 7.0 to 8.2 
(12.2 max) 

Depth of groundwater 
body (m) 

< 10 m below ground level (bgl) 0 to 3  3 to 18 <18 

Geology Presence of cavities, fractures or interstices Interstices Interstices Fractures 

1.4 Summary of stygofauna information 
In summary, stygofauna are aquatic organisms associated with ground water habitats.  They contribute to Australia’s 
biodiversity and provide a range of ecosystem services, but may be at risk of extinction from groundwater disturbance 
due to their high levels of endemism and dependency on groundwater habitats.  Current research suggests that shallow 
alluvium aquifers associated with moderate to large rivers tend to support a greater diversity and abundance of 
stygofauna, while deeper aquifers (especially those with high electrical conductivity) are less suitable habitats.  The 
sampling undertaken at Dargues Reef was designed to establish whether stygofauna were present in the aquifers within 
and around the Project Area that may be impacted by subsequent mining operations.   

2 Study Methods 
Sampling was conducted by Cardno and Cortona Cortona Resources Ltd. personnel on 20 - 21 June 2012 at six 
groundwater monitoring bores.  Stygofauna were sampled from bores containing water from alluvial, regolith and 
granodiorite aquifers so as to provide an adequate representation of potential groundwater fauna.  Three of the bores 
were located within the mining lease and Project Area boundary (Sites 2, 3 and 4) and two sites were located within the 
Project Area boundary but outside the mining lease boundary (Sites 5 and 6).  The remaining site (Site 1) was located 
away from the Project Area and mining lease, near the town of Araluen.  The position of sampling locations is shown  in 
Figure 1 and location information is provided in Table 1. 

Bores were purged in January 2012, 4 to 5 months before samples were collected.  Water was extracted using an 
inertia pump and passed through a 63 µm sieve.  The depths of the extraction points were within or below the screen 
range for each bore except for the two deepest bores, from which water was extracted at 45 m, the limit of the pump’s 
capability.  The volume of water passed through the sieve was measured to allow estimates of abundance of animals to 
be scaled to a standard unit volume of groundwater.  In situ water quality measurements including temperature, 
electrical conductivity and pH were taken with a multi-sensor probe. 

The material from each sample retained on the sieve mesh was washed carefully into a labelled jar and then topped-up 
with 100% ethyl alcohol.  Samples were sorted by Cardno and transferred to Peter Hancock from Ecological Pty. Ltd. for 
processing (accompanied by a chain-of-custody form).  In the laboratory samples were sorted under a binocular 
microscope and all invertebrates were identified to the lowest taxon practicable and counted.  
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Table 2  Location and description of groundwater monitoring bores sampled for stygofauna 

Site No. Bore ID Location Sample Date Easting 
(UTM 55H) 

Northing 
(UTM 55H) 

1 GW075027/1 Araluen Town Hall 21/06/2012 754653 6052457 

2 DRWB04 Head of Spring Ck 20/06/2012 749116 6063814 

3 DRWB03 Head of Spring Ck 20/06/2012 749112 6063817 

4 DRWB01 Copper Ridge 20/6/82012 748681 6063945 

5 DRWB07 Upstream Majors Ck. 21/06/2012 748725 6061835 

6 DRWB06 Majors Ck at Crossing 21/06/2012 748849 6061995 

 

 

Figure 1  Stygofauna sampling locations 
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3 Results and Discussion 

3.1 Bore depths and water chemistry 
A total of 112 litres of water was sampled from the alluvial aquifer, this being collected at two spatially distinct 
locations: with 48 litres being sampled at Site 1, located at a low elevation near Araluen; and 62 litres collected from 
Sites 5 and 6, located above the escarpment near Majors Creek.  A total of 200 litres of water was sampled from the 
two deep granodiorite aquifer bores (Sites 3 and 4), while 38 litres was sampled from the regolith aquifer (Site 2).  
Physical attributes of the groundwater bores sampled are provided in Table 3.  

Table 3  Physical attributes and  type of aquifer at the groundwater bores sampled. 

Site No. Bore ID Aquifer 
type 

Surface 
elevation 

Screen 
depth  

SWL Volume 
sampled 

Extraction 
depth 

      m (AHD)  m (BGL) meters litres meters 

1 GW075027/1 Alluvial 156 3 – 5  5.08 48.0 8.0 

2 DRWB04 Regolith 713 10.5 – 16.5 8.08 38.0 15.0 

3 DRWB03 Granodiorite 712 60.1 – 66.1 7.90 60.0 45.0 

4 DRWB01 Granodiorite 715 61.0 – 67.0 8.80 140.0 45.0 

5 DRWB07 Alluvial 637 5.25 – 11.25 3.67 24.0 9.0 

6 DRWB06 Alluvial 632 3.45 – 6.45 0.70 40.0 4.0 

 

Water quality data collected during the survey is presented in Table 4.  Water temperature was higher at the Araluen 
Bore (Site 1) than at the other sites above the escarpment.  The water was slightly acidic in the alluvial aquifer bores 
above the escarpment (Sites 5 and 6 with a pH of 6.82 and 6.66 respectively) but was alkaline at all other sites, being 
highest at the granodiorite bore DRW03 (pH of 10.8).  Electrical conductivity was low in the alluvial aquifer bores above 
the escarpment (average of 399 µS/cm) and highest in the granodiorite bore DRW03 (1338 µS/cm).   More detailed data 
on water chemistry at each bore has been collected during routine water quality sampling conducted for the project.   

Table 4  Water quality attributes of groundwater bores at the time of sampling. 
Site No. Bore ID Aquifer type Temperature  pH EC 

      °C  pH units µs/cm 

1 GW075027/1 Alluvial 17.20 7.83 496 

2 DRWB04 Regolith 14.30 8.60 533 

3 DRWB03 Granodiorite 14.20 10.80 1338 

4 DRWB01 Granodiorite 13.80 7.82 410 

5 DRWB07 Alluvial 14.50 6.82 408 

6 DRWB06 Alluvial 12.80 6.66 390 
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3.2 Invertebrates 
A total of four stygofauna taxa were found, these being collected from Site 1 (alluvial aquifer near Araluen) and Site 2 
(regolith aquifer at the head of Spring Creek).  All four taxa were present at Site 1 but only one taxon (Notobathynella 
sp.) was collected at Site 2 (Table 5).  

Table 5  Stygofauna abundance in sampled groundwater bores  

Order/Family Taxon 
Site 1 
(GW075027/1) 

Site 2 
(DRWB04) 

Microturbellaria Microturbellaria (flatworm) 1   

Coleoptera/Dytiscidae Carabhydrus sp. (Larvae) 1   

Bathynellacea/Parabathynellidae  Notobathynella sp. 1 1  2 

Bathynellacea/Parabathynellidae  Chilibathynella sp. 1 1   

 

Apart from the Dytiscid beetle Carabhydrus sp., all taxa are typical of alluvial aquifers in Australia (P. Hancock, 2012 
email comm., 6 September).  As subterranean specimens of Carabhydrus sp. are known only from the Hunter Valley, 
north of Sydney and these were adults, further investigation of the identity of the larval specimen is recommended.  The 
use of DNA techniques may provide clarity on this issue.  More Dytiscid stygofauna have been discovered in Australia 
(specifically in the Yilgarrn region of WA) than in the remainder of the world combined (Humphreys, 2001), indicating the 
high level of diversity and endemism in this group.  

The two genera of Parabathynellidae are known from other locations in New South Wales.  Damage to the specimens 
prevented further taxonomic resolution using morphological identification techniques.  It is possible that the 
Chilibathynella sp. is C. joshuai, known to occur in the aquifer of the Macquarie River near Dubbo.  This is based on the 
size of the animal, which was large for this genus.  The Notobathynella genus is relatively widespread in alluvial aquifers 
in eastern Australia (P. Hancock, 2012 email comm., 6 September).   

Specimens of two other organisms were also found in the samples.  These were: one unidentified pupae, possibly of 
terrestrial origin, found at Site 1; and three Hymenoptera specimens (ant/wasp Order), found at Site 3, a group from 
which only terrestrial taxa are known.  Due to the low number of organisms found, no analysis of the biological data was 
undertaken.  

Favourable conditions for stygofauna (Hancock and Boulton 2008, Table 1) were present at all alluvial bore sites 
accessing shallow aquifers with low conductivity and near neutral pH.  Stygofauna abundance and diversity was 
greatest at Site 1, this being situated in the lowland alluvial aquifer around the town of Araluen.  All conditions outlined 
by Hancock and Boulton (2008) were met for this aquifer, except for pH, which was slightly higher (7.83 pH units) than 
the maximum provided in the literature (7.37 pH units).  No stygofauna were found in the upland alluvial aquifer around 
Majors Creek, closer to the Project Area (Sites 5 and 6), even though conditions at these sites were suitable for 
stygofauna and a similar volume of water was sampled across the two locations.  This indicates that the upland alluvial 
aquifer is a less suitable environment for stygofauna than the lowland aquifer.  

As the data collected during one sampling event may not provide an adequately representation of the spatial and 
temporal distribution of organisms, it is recommended that further sampling be conducted to increase confidence in the 
data collected.  Future monitoring could be incorporated with biannual surface water assessments to provide for 
seasonal variability and should target aquifers and localities with a greater likelihood of stygofauna presence.  
Additionally, sampling a larger volume of water may increase capture and should be implemented where practical.  

In their report AGEC (2010) state that the project would have no significant impact on the groundwater supply at 
Araluen, although drawdown from mine dewatering is expected to influence groundwater dynamics in the Majors Creek 
area, closer to The Project.  Impacts on groundwater drawdown from the Dargues Reef mine has been simulated by 
AGEC (2010) and are illustrated in Figure 2.   
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Figure 2  Drawdown map indicating groundwater level contours associated with The Project 
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