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1. Introduction 

Senex’s proposed Atlas Stage 3 project is located in the Surat Basin, 20 kilometres south-west of 
the town of Wandoan in Queensland. ERM was engaged by Senex manage ecological surveys and 
associated approval inputs for the Atlas Stage 3 project. Freshwater Ecology Consulting was 
engaged by ERM to undertake the stygofauna sampling component of the surveys. 
 
KCB were engaged by Senex to undertake bore baseline assessment work for the Atlas Stage 3 
project and their representatives helped facilitate the stygofauna sampling undertaken by 
Freshwater Ecology and described in this report.  
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2. General Terminology 

In Australia, Groundwater Dependent Ecosystems (GDE’s) are defined as ‘ecosystems which 
require access to groundwater on a permanent or intermittent basis to meet all or some of their 
water requirements so as to maintain their communities of plants and animals, ecological 
processes and ecosystem services’ (Richardson et al. 2011). Not all GDE’s draw on groundwater 
directly and not all GDE’s are solely reliant on groundwater. 
 
Six types of Groundwater Dependent Ecosystems have been identified in Australia: 
 
 Terrestrial vegetation that relies on the availability of shallow groundwater.  
 Wetlands such as paperbark swamp forests and mound springs. 
 River baseflow systems where groundwater discharge provides a significant baseflow 

component to the river. 
 Aquifer and cave ecosystems where life exists independent of sunlight (this GDE contains 

stygofauna and is the focus of the current survey). 
 Terrestrial fauna species, both native and introduced, that rely on groundwater as a source of 

drinking water. 
 Estuarine and near-shore marine systems, such as coastal mangroves, salt marshes and sea-

grass beds, which rely on the submarine discharge of groundwater. 
 
Until recently (mid 1990’s), aquifers were considered to be devoid of life, however, research in 
Australia and overseas has highlighted the fact that groundwater systems provide a critical habitat 
for a diverse range of aquatic fauna called stygofauna (Hose et al. 2015, Glanville et al. 2016). The 
term stygofauna encompasses; 
 
 Stygobionts (stygobites) which are defined as being organisms that are obligate groundwater 

inhabitants for their entire life cycle (Sket 2008), 
 Stygophiles which are defined as surface-dwelling species that complete some or all of their life 

cycle in groundwater (Sket 2008), and 
 Stygoxenes which are defined as animals found accidentally in groundwater (Sket 2008). 

 
Typically, it is the stygobionts and stygophiles that are referred to collectively as stygofauna (Hose 
et al. 2015) and these definitions will be adopted for this Atlas 3 Project survey.  
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3. What are Stygofauna? 

Stygofauna are aquatic subterranean animals that are totally groundwater dependent and found 
throughout Australian aquifers. Groundwater ecology surveys and studies over the past 30 years in 
Australia have identified a diverse range of organisms inhabiting groundwater systems, however, 
whilst the groundwater ecosystem is diverse and unique, this ecosystem is probably the least 
studied globally. Tomlinson et al. (2008) noted that stygofauna are valued as a biodiversity 
resource, as indicators of groundwater ecosystem health and potential providers of ecosystem 
services including, nutrient cycling and storage (e.g. carbon, nitrogen, phosphorus), organic matter 
cycling and redistribution, water treatment (e.g. filtering water to remove toxins), water regulation 
(e.g. increasing the size of interstitial pore spaces to maintain hydraulic flow pathways and 
infiltration rates), and mineral weathering and formation. 
 
Stygofauna are morphologically and physiologically different from even closely related surface-
dwelling species 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 sensory appendages as an adaption to the groundwater environment (Humphreys 
2006). Individuals from 9 of the 17 major stygofauna taxonomic groups identified by Botosaneanu 
(1986) have been recorded in the groundwater ecosystems of Queensland with undescribed 
families identified across a further 3 taxonomic groups (Nematoda, Rotifera, and Turbellaria). 
Groundwater fauna from the 5 remaining taxonomic groups yet to be identified in Queensland 
groundwater ecosystems include Decapoda, Polychaeta, Remipedia, Spelaeogriphacea, 
and Thermosbaenacea (Glanville et al. 2016). Many of Queensland’s stygofauna communities are 
unstudied or understudied hampering both global and local comparisons. Despite this, Europe, 
North America and other areas of Australia (e.g. Western Australia) provide the most appropriate 
baseline for comparison given the higher survey effort employed in these regions (Deharveng et al. 
2009, Halse et al. 2014). While research has identified that eastern Queensland supports 
moderately rich stygofauna communities (Hancock & Boulton 2008, Cook et al. 2012, Halse et al. 
2014), analysis highlights that this estimate is too low due to the low sampling effort and limited 
sampling coverage that largely excludes arid regions and low taxonomic resolution (Glanville et al. 
2016). 
 
Many stygofauna communities around the world are dominated by amphipods, copepods, and 
isopods (Deharveng et al. 2009, Halse et al. 2014). Queensland stygofauna communities comprise 
copepods and isopods in proportions comparable with world averages (Eberhard et al. 2009) and 
copepod proportions comparable to experiences in eastern Australia and the Pilbara (Eberhard et 
al. 2009, Halse et al. 2014). However, Queensland stygofauna communities differ due to the 
dominance of oligochaetes (Eberhard et al. 2009), syncarids (Eberhard et al. 2009) and beetles 
(Eberhard et al. 2009). Dissimilar to many other stygofauna communities around the world, 
stygofauna communities in Queensland have a low proportion of molluscs (Eberhard et al. 2009). 
This compositional feature more closely reflects that of other Australian stygofauna communities 
(Hancock & Boulton 2008), including the Pilbara (Eberhard et al. 2009, Halse et al. 2014), than 
global experiences. These comparisons are limited by low sampling effort in many regions, 
however, the composition of Queensland stygofauna communities is clearly differentiated from that 
of most of the world (Glanville et al. 2016). 
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Stygofauna are adapted to groundwater environments and conditions of constant temperature, no 
sunlight, low nutrient and oxygen content, stable water quality and sediments that provide a limited 
and narrow pore space (Hose et al. 2015). Stygofauna have low metabolic rates and low 
reproductive rates relative to surface species which enables them to survive in the low energy, low 
oxygen groundwater environment. Groundwater ecosystems typically have few stygobiont species 
at any one locality and consequently low diversity. However, the isolation of aquifers and limited 
dispersal abilities of groundwater organisms has created a fauna dominated by short-range 
endemic species (Harvey 2002). As stygofauna are adapted to a stable physical and chemical 
subterranean environment, and as species often exhibit narrow geographic ranges, even slight 
alterations to the groundwater environment (i.e. flow, flux, pressure, level, quality and the transport 
of nutrients and organic matter) can result in significant changes to the composition and distribution 
of stygofauna communities and even the potential loss of species. The major pressures on 
groundwater systems in Queensland, as elsewhere, are from anthropogenic activities (i.e. 
agriculture, industry and domestic water supply) that modify aspects of the groundwater 
environment and impact on groundwater quantity (water levels and pressures), groundwater quality 
(salinity, chemistry, contamination) and groundwater interactions between surface and sub-surface 
systems. The pressures on groundwater ecosystems are also cumulative (Danielopol et al. 2003). 
 
3.1  Ecological Requirements of Stygofauna 

Twenty years ago it was believed that stygofauna only existed within a very narrow physico-
chemical parameter range. More recent surveys and studies have shown that this is not the case 
and that stygofauna may be found across a more diverse physico-chemical range of groundwater 
systems than was previously commonly assumed. Only recently has the true biological diversity of 
aquifers begun to emerge, both in Australia and globally. 
 
In 2016, Glanville et al., reviewed a state-wide database which included 755 stygofauna samples 
from 582 sites in Queensland and the current knowledge on stygofauna biodiversity and 
biogeography. This study correlated stygofauna recordings against environmental data and 
reported the following important outcomes: 
 
 Groundwater with a wide range of physico-chemical properties have been recorded as 

supporting groundwater ecosystems in Queensland.  
 Stygofauna have been recorded living in groundwater ranging in depth from 0.1 to 63.2 metres 

below ground level; electrical conductivity ranging from 11.5 to 54,800 μS/cm; groundwater 
temperatures ranging from 17.0 to 30.7oC, and groundwater pH ranging from 3.5 to 10.3. 

 Stygofauna taxon richness shows a general negative trend with increasing depth to 
groundwater or electrical conductivity (a default measurement for salinity).  

 Taxon richness is highest in neutral to slightly alkaline pH groundwater systems and in water 
temperatures between 18 and 27oC.  

 Taxon richness was shown to decrease sharply with increasing groundwater acidity and 
alkalinity. 

 
It was acknowledged that the stygofauna preferences identified from the Queensland database 
may partially reflect the limited sampling effort that has occurred across physico-chemically diverse 
groundwater systems and that the data was predominantly from sites sampled only once. 
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Hose et al. (2015) also noted a number of key factors determining the presence/absence of 
stygofauna in aquifers: 
 
 Stygofauna are predominantly found in aquifers with large (1mm or greater) pore spaces which 

are more common in alluvial, karstic and some fractured rock aquifers. The pore spaces within 
an aquifer matrix are a critical determinant of whether an aquifer can support large-bodied 
organisms as stygofauna move within an aquifer by either crawling or swimming. The size of 
the interstitial spaces also influences the hydraulic conductivity and flow of water which 
ultimately controls the delivery of carbon and oxygen throughout the ecosystem. Hahn & Fuchs 
(2009) identified that stygofauna were rare or absent in areas with hydraulic conductivity (Kf) 
less than 10-4cm/s. 

 Stygofauna diversity and abundance typically decreases with depth below ground. Stygofauna 
are rarely found more than 100 m below ground level and are most abundant less than 20 m 
below ground (Hancock & Boulton 2008). 

 Stygofauna are found across a range of water quality conditions (from fresh to saline), but are 
most common in fresh and brackish water (i.e. where EC is less than 5,000 μS/cm). 4T (2012) 
in their review of stygofauna data from Australia reported that stygofauna have been found in 
hypersaline groundwater (86,900 μS/cm), but are most common at salinities less than 10,000 
μS/cm. 

 Stygofauna are rarely found in hypoxic groundwater where dissolved oxygen concentrations 
are less than 0.3 mg/L. 4T (2012) reported that stygofauna have been recorded in groundwater 
with dissolved oxygen concentrations ranging from 0.2 to 15.3 mg/L. 

 Stygofauna are more abundant in areas of surface water-groundwater exchange when 
compared to deeper areas or those further along the groundwater flow path remote from areas 
of exchange or recharge with poor hydraulic conductivity. Schmidt et al. (2007) noted that 
hydrological exchange between aquifer and surface water can be more important than other 
hydrogeological conditions in shaping stygofauna assemblages. 
 

Stygofauna were recorded inhabiting a wide range of lithologies, including unconsolidated 
sedimentary material (e.g. alluvium, sand); consolidated sedimentary rocks (e.g. sandstone) and 
fractured rocks (e.g. basalt, granite, volcanics). Whilst sampling data are scarce or absent for many 
lithologies, the results from Glanville et al. (2016) suggest that groundwater systems cannot be 
eliminated as potential habitat for stygofauna based solely on geology or lithology. Stygofauna 
were also shown to exist across a diverse physico-chemical range of groundwater systems, and as 
a result, general assumptions of habitat suitability should not be used to guide sampling activities. 
 
Stygofauna are adapted to a low nutrient (particularly carbon) and oxygen environment. For 
aquifers to sustain stygofauna there must be a continuous vertical flow of dissolved organic carbon 
(DOC) from the surface to the aquifer. It is this carbon plus dissolved nutrients that are the basis of 
the simple food web that sustains bacteria and fungi (biofilms) which stygofauna can feed on 
(Humphreys 2006). It is largely for this reason that stygofauna diversity and abundance decrease 
with depth and distance along groundwater flow paths as nutrient supplies decline. 
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3.2  Stygofauna Diversity 

Hose et al. (2015) reports that in 2000 there were over 7,800 known stygofaunal species globally, 
however, large research efforts in Australia and Europe have shown that this number is an 
underestimation. Guzik et al. (2010) reported some 770 stygofauna taxa were known from Western 
Australia alone, however, this value was estimated to be only 20% of the true number of stygobiont 
taxa. True richness for the region may be in excess of 4,000 stygobitic species. Based on these 
values, and the fact that the diversity of stygofauna in the eastern states is largely unexplored, it is 
likely Australia is globally significant in terms of stygofauna diversity (Hose et al. 2015). 
 
Many of Queensland’s stygofauna communities are unstudied or understudied, hampering both 
global and local comparisons. Queensland is known to host at least 24 described families and 23 
described genera of stygofauna across 9 of the 17 major stygofaunal taxonomic groups. 
Undescribed families have also been recorded across a further three major stygofauna taxonomic 
groups (Glanville et al. 2016). The composition of stygofauna in Queensland is broadly consistent 
with the world average with the notable exception of high richness of oligochaetes and syncarids 
and low numbers of molluscs. Despite indications that a significant diversity of stygofauna is likely 
to exist across Queensland groundwater systems, stygofauna biodiversity largely remains 
undocumented due to limited sampling effort, limited taxonomic resolution and the tendency for 
stygofauna to exhibit morphological similarities (Glanville et al. 2016). 
 
 
3.3  Potential Impacts on Groundwater and Stygofauna 

There are three major changes in groundwater conditions that can directly threaten the integrity of 
groundwater ecosystems. These stressors are: 
 
 Spatial and temporal changes in water level (i.e. groundwater drawdown); 
 Altered groundwater quality; and 
 Altered aquifer properties (including aquifer porosity, hydraulic conductivity and 

depressurisation). 
 
Such changes in the physical and chemical properties of an aquifer, either individually or 
cumulatively, are likely to affect the occurrence and/or the distribution of stygofauna in an aquifer. 
Cumulative impacts from multiple stressors need to be considered in combination when assessing 
impacts on the groundwater environment. Stygofauna exhibit high rates of endemism (short-range 
endemics) with species often restricted to small geographic areas. 
 
 
3.4  Knowledge Gaps Regarding Stygofauna 

In 2015, Hose et al. published a report commissioned by ACARP entitled “Stygofauna in Australian 
Groundwater Systems: Extent of Knowledge”. This report identified a number of emerging issues 
where knowledge is lacking with regards to risks to aquifer ecosystems from activities that impact 
groundwater quantity and quality (e.g. mining, water supply, agriculture). In particular, Hose et al. 
(2015) identified a very limited ability to understand and subsequently predict impacts of 
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dewatering/depressurisation of aquifers on stygofauna communities. Additional knowledge-
deficient areas were identified as: 
 
 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. 

 
Targeted research and further surveys/studies are required to inform and improve our ability to 
assess the risk to groundwater ecosystems from operations/industries that impact on groundwater 
quantity, groundwater quality and groundwater interactions. 
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4. Sampling Program for Stygofauna  

A total of 32 groundwater bores were identified by KCB as being potentially sampleable across and 
in proximity of the Atlas 3 Project Area. Attempts were made to find each bore and sample them. 
Several of the bore locations no longer had bores at them, and several others were not able to be 
sampled (due to either no pumps or existing infrastructure that could not be removed to allow 
access for stygofauna nets). A total of 12 bores were able to be sampled for stygofauna. The 
locations of the 12 groundwater bores sampled within the proposed Atlas 3 Project study area are 
shown in Figure 1. The location and history of each bore are presented in Table 1 and bore hole 
characteristics presented in Table 2 below. The bores ranged from full (bore  number 14193 was 
overflowing to 173.1 metres deep), with some bores slotted at particular depths and others open 
below a certain point. Bore ages varied from 1945 through to 1999. The bores intersected various 
formations, with one being directly into the alluvium. All operating bores were being used for 
watering cattle. 

Bore inspection and sampling was conducted for this project by Freshwater Ecology from 11th to 
16th June 2022. 
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Figure 1: Location of bores sampled for stygofauna 
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Table 2: Bore Hole Characteristics (mBGL - metres below ground level; mBTOC - metres below 
top of casing; EoH – end of hole; SWL – standing water level) (N/A – data not available) 

Bore Code 
 

Depth to EoH * 
(mBGL) 

SWL           
(mBTOC) 

Bore  
Diameter  

(mm) 

Slotted  
Depth *  

(m) 
13884 173.1 full 152 105.2-110.3 

58786 76 33.5 125 72-76 

48818 38.1 9.1 125 12.4-38.1 

14193 N/A N/A 125 N/A 

48837 47.5 16.2 125 31.7-47.5 

15501 106.4 37.2 125 53.9-106.4 

48836 91.5 N/A 125 48.8-91.5 

43869 109.8 N/A 125 51.6-109.8 

44001 112.8 27.6 125 44.8-112.8 

168350 N/A N/A 125 N/A 

58495 36 30.1 152 N/A 

48835 137.3 N/A 125 101.5-137.2 

*values obtained for bore hole logs,  
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5. Project Methodology 

5.1  Desktop Assessment 

A review was undertaken to search for available data and reports on stygofauna within and 
adjacent to the Atlas 3 Project Area. This included searches for projects in adjacent areas known to 
have undertaken environmental assessments as well as the Queensland subterranean aquatic 
fauna database (Queensland Government 2022). There were no available reports found for 
adjacent projects. As such, it was determined that the most appropriate approach to sampling was 
to undertake a pilot survey to address the knowledge gaps in the desktop review. A pilot survey 
typically consists of sampling a minimum of ten bores with bore locations satisfying specific criteria 
for conducting stygofauna surveys. 
 
 
5.2  Sampling Team 

Field sampling for the Atlas 3 Project was conducted by Dr Timothy Howell from Freshwater 
Ecology. Dr Howell is a professional aquatic ecologist with experience in stygofauna sample 
collection and analysis. Tim Howell has more than 20 years’ experience as an aquatic ecologist 
and 12 years’ specific experience working on groundwater ecology projects throughout Australia. 
Freshwater Ecology was supported in the field by Dr Matthew Forbes from KCB. 
 
 
5.3  Stygofauna Sampling  

A total of 12 groundwater bores were sampled for stygofauna in accordance with the methods 
defined in Queensland Environment Protection (Water) Policy 2009 – Monitoring and Sampling 
Manual for Biological Assessment (DES 2018) and following established sampling techniques 
defined elsewhere in Australia and overseas (DSITI 2015, Hancock & Boulton 2008, Dumas & 
Fontanini 2001, WA EPA Guidance Statements 54 and 54a 2003 & 2007). The field sampling 
program adopted by Freshwater Ecology met all requirements required for conducting a stygofauna 
pilot survey. 
 
There are two recommended sampling methods for stygofauna—netting and pumping. Netting is a 
passive sampling method that collects animals residing within the bore casing. Pumping is an 
active sampling method that collects groundwater and fauna from within the bore casing and the 
surrounding aquifer through groundwater recharge. Both methods were used in the current 
assessment depending on the infrastructure, or lack of, associated with each bore. 
 
Netting was undertaken in three groundwater bores (13884, 58786, 44001) that were 125mm in 
diameter using a 50mm diameter phreatobiological net (net design and construction conformed 
with WA EPA Guideline [2003 & 2007] specifications). Nets were made of 50 μm nybolt mesh 
material and weighted at the bottom with a brass fixture and an attached plastic collecting jar. The 
net was lowered to the bottom of the bore, bounced three to five times to dislodge any resting 
animals, and slowly retrieved. At the top of each haul (the aim was always to collect between 4 and 
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6 hauls with all hauls reaching the bottom of the bore), the collecting jar was rinsed into a 50 μm 
mesh brass sieve and the net lowered again.  
 
The pumping method was used at the remaining nine groundwater bores which had fixed pumps 
that were all run off solar panels. Three rows of ten x 9 litre buckets were set out adjacent to the 
pump. The buckets were filled sequentially once the water from the pump began to flow. To reduce 
spilling, the buckets were filled to near the top but not full. This ensured that at least 250 litres was 
collected for each bore. Each bucket was sequentially filtered through the 50 μm mesh brass sieve. 
As there was little suspended material in the pumped samples for this project, they were 
collectively washed into a single sample jar for each site. 
 
Once all net hauls were completed or all the buckets from pumping had been filtered through the 
sieve, the entire sieve contents were then transferred to a labelled sample jar and preserved in 
methylated spirits (DNA testing of aquatic specimens was not required for this project). A small 
amount of Rose Bengal, which stains animal tissue pink, was added to each sample to aid in 
sample processing.  
 
All field equipment was of high quality and fit for purpose, well maintained and operated in 
accordance with scientific protocols specified above. 
 
 
5.4  Laboratory Processing of Field Samples 

Field samples were logged into a Laboratory Information Management System to record and track 
sample processing details. Stygofauna sample containers were drained of methylated spirits and 
stain and washed gently into channelled Sedgwick-Rafter counting trays to create a thin layer of 
sediment spread across the bottom of the tray. Samples were then sorted under a 
stereomicroscope with 10x objective lenses and a zoom capability of between 6.3x and 60x. All 
aquatic animals present were removed (stygofauna and non-stygofauna) and identified to 
Order/Family level (or lower taxonomic rank if visually possible) in accordance with standard 
Queensland Government ToR for an EIS and placed in labelled, polyethylene containers filled with 
100% AR Grade ethanol for long-term storage. 
 
Sample sorting and initial identification was undertaken by Chris Pietsch from Blue Earth 
Environmental. Photographs of the sampled specimens considered to be potentially stygofauna 
were sent to Dr Peter Hancock to determine whether they were likely to be stygofauna and thus 
require further detailed identification.  
 
 
5.5  Groundwater Quality Sampling 

Groundwater sampling preceded biological sampling to ensure the groundwater contained within 
the bore was undisturbed. The field meter was calibrated in the laboratory prior to its use in the 
field, with calibrations regularly cross-checked in the field. All water quality monitoring equipment 
was of high quality and fit for purpose, well maintained and operated in accordance with the 
manufacturer’s specifications. 
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Groundwater quality sampling was conducted differently at bores that were open (i.e. sites that 
were sampled with the netting method) to those with attached pumping infrastructure (i.e. those 
sampled by the pumping method). Water was measured for temperature (oC), pH (units), electrical 
conductivity (μS/cm), dissolved oxygen (mg/L) and turbidity (NTU) using a multi-parameter water 
quality meter to provide a general estimate of standing groundwater quality. 
 
For open bores, water samples were collected from each bore using a bailer lowered by hand to 
approximately 2 m to 3 m below the water surface (SWL) prior to stygofauna sampling. Care was 
taken to slowly and gently pour water from the bailer into a container prior to inserting the WQ 
probes so as to reduce any artificial aeration that might occur during this process. As this could not 
be totally eliminated, dissolved oxygen results should be treated with caution. 
 
At sites with existing pumping infrastructure, water quality was measured in the buckets filled from 
the pump. Water quality was recorded in the 1st, 5th, 10th, 15th, 20th, 25th and 30th buckets for each 
site. Only the water quality results for the 30th buckets results are reported here as this is likely to 
be more reflective of the water quality conditions of the groundwater rather than in the bore itself. 
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6. Results 

A review of the Queensland subterranean aquatic fauna database identified 32 bores that had 
been sampled within a 50 kilometre radius of the Atlas 3 Project Area. Closer examination of the 
coordinates determined that six of the bores were given a second name (i.e. data from the same 
bore had been recorded twice), reducing the number of bores previously sampled for stygofauna to 
26 (Figure 2).  
 
Examination of the results from the 26 bores determined that only four had recorded true stygobites 
and a further six bores had identified fauna that was subsequently considered not to be stygobites, 
and were most likely stygophiles (i.e. species which occasionally utilise groundwater but are not 
dependent on it).  However, as this was not confirmed these styophiles will not be discussed 
further. All four sites from which stygobites had been recorded were along Horse Creek, 
approximately 25 kilometres north-west of the northern part of the Atlas 3 Project Area. With the 
exception of one sample which recorded specimens from the crustacean family Bathynellidae, all 
specimens were crustaceans from the sub-class Copepoda (of the genus either Dussartstenocaris 
or Parastenocaris). 
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In-situ groundwater quality monitoring results are presented in Table 3 below. Except for bore 
numbers 14193 and 48837 (which were close to neutral), all the bores were slightly to moderately 
alkaline. The majority of the bores were also slightly saline (i.e. between 785 – 8,500 S/cm) with 
only bore number 168351 considered to be very fresh (19.8 S/cm). The water clarity extracted 
from the bores was clear to slightly turbid. 
 
Table 3: In situ groundwater quality 

Bore  
Code 

pH 
(units) 

Dissolved 
Oxygen  
(% satn) 

 

Conductivity 
( S/cm) 

Turbidity 
(NTU) 

Temperature 
(oC) 

Sample 
Volume 

(L) 

13884 8.3 31.1 8,500 82.9 20.1 1 

58786 7.3 16.1 4,800 8.4 21.6 1 

48818 8.4 16.8 3,200 2.3 22.9 8 

14193 7.1 65.2 2,590 2.1 227 8 

48837 6.9 16.8 2,370 4.3 22.6 8 

15501 7.7 15.0 3,170 5.9 23.1 8 

48836 7.4 60.3 5,590 23.7 22.8 8 

43869 7.6 22.4 4,000 0.6 24.1 8 

44001 8.3 28.9 785 12 23.8 1 

168351 8.6 24.1 19.8 1 24.2 8 

58495 7.9 28.9 3,020 3.9 24 8 

48835 8.2 38.4 1,551 1.1 24.1 8 

 

The quality of stygofauna samples collected across the 12 groundwater bores in June 2022 is 
summarised in Table 4 below. Three bores were sampled with the netting method, one which 
produced a good sample, another which was fair (due to some blockages in the bore) and the third 
which was poor (only a single haul was possible due to coagulation of the water column following 
the first haul). The remaining bores were sampled using the pumping method using the existing 
solar pumping infrastructure on each bore. Eight of the pumping samples were of high quality, with 
one considered fair due to intermittent flow from cloud shading of the bore during sampling.   
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Table 4: Summary of stygofauna sampling effort and sample quality 

Bore  
Code 

No. hauls / 
volume of 

pumped water 
filtered 

Sample Quality 

13884 3 hauls fair, some blockage after 3 hauls from algae at top of bore, bore flowing 

58786 1 haul 
poor, first haul went down well then subsequent hauls failed to 
penetrate the water that had been stirred up in the first haul, significant 
organic matter, H2S smell 

48818 250L good 

14193 250L fair, flow interrupted by shade on solar panel 

48837 250L good 

15501 250L good 

48836 250L good 

43869 250L good 

44001 4 hauls good 

168351 250L good 

58495 250L good, sampling from end of pipe 

48835 250L good 

 
 
Results from the analysis of the groundwater samples for the presence of stygofauna are 
presented in Table 5 below. Two specimens of copepod recorded in bore 48836 (transecting the 
Gubberamunda Sandstone) represented the only possible stygofauna (stygobiont or stygophile). 
The identification of this group to the genus level is beyond that which can be achieved by Dr 
Hancock and would require a microcrustacean specialist. Bore 48836 is located on a hill and 
largely covered by pumping infrastructure. Therefore, it is unlikely that the specimens collected 
would have arrived through flooding or have been windswept (in the cyst stage of development). As 
such, it is likely that these two specimens represent stygofauna. 
 
The most abundant and commonly recorded fauna were formacidae (ants) and collembola 
(springtails), both of which were considered to be stygoexnes. Formacidae were recorded in half 
the samples collected and often in high abundance (both whole and in body parts). Formacidae are 
often recorded in stygofauna sampling as they source water from the bores to support their 
colonies in dry times. Collembola are typically abundant in soil and the specimens collected 
exhibited traits consistent with being terrestrial fauna (Dr Hancock pers. comm.). All other fauna 
recorded were considered stygoxenes (animals which had accidentally fallen into the bores). 
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Table 5: Analysis of groundwater samples for the presence of stygofauna 

Bore Code Date Sampled Stygofauna Taxa Non-Stygofauna Taxa 

13884 15/06/2022 0 parts of formacidae 

58786 11/06/2022 0 unidentifiable insect parts 

48818 11/06/2022 0 7 oligochaeta, unidentifiable insect parts 

14193 12/06/2022 0 3 collembolla, 3 acarina, 2 hemiptera, 
coleoptera larvae, diptera adult 

48837 13/06/2022 0 100's formacidae, 100's of parts of ants, 3 
collembola 

15501 13/06/2022 0 0 

48836 13/06/2022 0 100's of formacidae parts, 1 x isopoda, 
collembolla, acarina, copepoda, coleoptera 

43869 14/06/2022 0 ants, coleoptera, 100's of collembolla and 
acarina 

44001 14/06/2022 0 1 araneae, collembola 

168351 14/06/2022 0 4 formacidae, coleoptera larvae, diptera 
adult, 100's of collembola, acarina 

58495 16/06/2022 0 3 formacidae, 1 coleoptera, collembola, 
acarina 

48835 13/06/2022 0 15 formacidae, 1 oligochaeta, 1,000's of 
ant parts, 3 oligochaetes 
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Table 6: Images of non-stygofauna taxa collected in samples (Photos: Chris Pietsch) 

 
14193 – Acarina (mite) 

 
14193 – Collembola (springtails) 

 
14193 – Hemiptera (true bug) 

 
48836 – Isopoda (wood lice) 

 
48836 – Copeoda  

 

 
44001 – Collembola (springtail) and Araneae 

(spider) 
 
 
 
 
 
 



 

Atlas Stage 3 Gas Project - Stygofauna Pilot Survey 20 

7. Conclusion 

A stygofauna pilot survey was conducted on the 11th to 16th of June 2022 for the Atlas 3 Project. A 
total of 12 groundwater bores were sampled using either a netting or pumping method as bore 
infrastructure dictated.  
 
Stygofauna sampling was conducted by Freshwater Ecology in accordance with the methods 
defined in Queensland Environment Protection (Water) Policy 2009 – Monitoring and Sampling 
Manual (DES 2018) and following established (standard) sampling procedures used elsewhere in 
Australia and overseas (DSITI 2015, Hancock & Boulton 2008, Dumas & Fontanini 2001, WA EPA 
Guidance Statements 54 and 54a 2003 & 2007). Sampling produced high quality samples from 
nine groundwater bores. 
 
A desktop review was unable to find publicly available reports on stygofauna sampling within 50 
kilometres of the Atlas 3 Project Area. However, an analysis of the Queensland subterranean fauna 
database identified 28 bores which have been sampled for stygofauna within 50 kilometres of the 
Project Area, several of which had been sampled on more than one occasion. Of the 28 bores 
confirmed stygofauna had only been recorded in four. These were all recorded in proximity to 
Horse Creek, approximately 25 kilometres north-west of the Atlas 3 Project Area. 
 
In-situ groundwater quality was considered high and suitable for the presence of stygofauna.  The 
bores sampled represented a range of locations and aquifers across the Atlas Stage 3 Project 
Area. 
 
Only two specimens of one potential stygofauna (from a single bore) were recorded in the 12 
samples collected. No stygofauna (stygobites or stygophiles) were recovered from the other 11 
bores sampled, although large numbers of stygoxenes (both whole and heavily decomposed) were 
recorded from most bores.  
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Subject Atlas Stage 3 Gas Project - Potential Groundwater Dependent Ecosystem 
mapping  

 

INTRODUCTION AND SCOPE 

Senex Energy Pty Ltd (Senex), on behalf of its subsidiaries Senex Assets Pty Ltd and Senex 
Assets 2 Pty Ltd, proposes to develop, operate, decommission and rehabilitate up to 151 new 
coal seam gas wells; gas and water gathering systems for the producing wells; access tracks for 
operational purposes; brine and produced water/irrigation storages; borrow pits; and ancillary 
supporting facilities on Authority to Prospect (ATP) 2059, Petroleum Lease (PL) 445, the northern 
portion of PL209 and parts of PL1037 in the central part of the Surat Basin, Queensland. The 
project is called the Atlas Stage 3 Gas Project (and in this technical note it is referred to as ‘the 
Project’). The gas field will be progressively developed over a period of approx. 5–10 years. 

Environmental Resources Management Australia Pty Ltd (ERM) has been engaged by Senex to 
coordinate terrestrial and aquatic ecology field surveys and assessments, to support the 
development of the layout and design for the proposed action as part of approval applications 
required under Queensland State legislation and the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999 (EPBC Act).   

To support the ecological and groundwater assessments required as part of the impact 
assessment and approvals phase of the proposed action, mapping of potential terrestrial and 
aquatic Groundwater Dependent Ecosystems (GDE) is required.  To understand the extent of any 
potential impacts associated with changes to groundwater hydrology, these GDEs have been field 
verified within the Project Area and mapped using desktop sources in a 25km buffer area, as 
shown in Figure 1.  The identification and mapping of potential GDEs will be used by a 
groundwater modelling specialist to identify locations where changes to groundwater hydrology 
because of the proposed action may impact on significant ecological features. 

The proposed action is located in the Surat Basin, an area that covers approximately 327,000 km2  

of south-east Queensland and northern New South Wales and forms connecting aquifers with the 
Great Artesian Basin (Hayes, et al., 2020). Containing a sequence of both Jurassic and 
Cretaceous sediments, the Surat Basin contains a diverse system of aquifers that provide water 
discharge throughout south-eastern Queensland. 

GDEs are defined as ecosystems that require access to groundwater on a permanent or regular 
basis in order to meet some or all of their water requirements. GDE’s include aquifers, caves, 
lakes, palustrine wetlands, lacustrine wetlands, rivers and associated riparian vegetation 
communities. Groundwater plays an important ecological role in some terrestrial and aquatic 
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ecosystems by supporting vegetation and providing discharge to waterways (Queensland 
Government, Queensland, 2022).  

Dependency on groundwater is likely to fluctuate temporally and spatially depending on regional 
climatic conditions, geomorphology and topography of the site. In areas that experience seasonal 
variations in water availability, such as the Surat Basin, vegetation is known to exploit more than 
one source of water depending on the availability of above ground water (Mensforth, Thorburn, 
Tyerman, & Walker, 1994). 

In addition to supporting vegetation health, subterranean wetlands such as aquifers and caves, as 
well as alluvial aquifiers, are also noted to support fauna species at various points throughout their 
life cycle. These include troglofauna, referring to air-breathing fauna that indirectly rely on 
groundwater, and stygofauna, referring to aquatic fauna relying on groundwater at various stages 
of their life cycle. The ecology and life histories of groundwater-dependant fauna is poorly 
understood, however can provide indications of surface water connectivity, water quality, the 
health of subterranean wetlands and the effectiveness and impacts of management interventions.  

This technical note provides details on the potential GDEs within the Project Area, and 
accompanies a spatial dataset of field-verified ecological assessments, including:   

 Assessment of the likelihood of field-verified vegetation communities being reliant on 
groundwater, based on their location in the landscape and the vegetation community types;  

 Description of the flora species that are characteristic of each terrestrial and aquatic GDE 
area;  

 Description of the general health of the vegetation present within each terrestrial and aquatic 
GDE area; and  

 An estimate of likely deepest rooting depth for each terrestrial GDE area (based on literature 
review for relevant flora species). 

This technical note provides a summary of the results of the GDE mapping for areas within the 
Atlas Stage 3 Project Area.  A desktop assessment has also been completed separately for a 
landscape assessment area that consists of a buffer of 25km around the Atlas Stage 3 
tenements.  This landscape assessment area and the Project Area together are referred to as the 
Study Area in this technical note (Figure 1).   

An additional division of the Project Area into northern, central and southern zones has also been 
developed for the groundwater assessment, as these locations have different surface water and 
groundwater hydrological conditions..  These three areas and their groundwater and vegetation 
community characteristic are described further below in this technical note, and include: 

1. North: Wandoan and Woleebee Creeks; 

2. Central: Woleebee and Conloi Creeks; and 

3. South: Hellhole Creek 
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METHODOLOGY 

Summary of approach 

A combination of desktop and field methods were used to develop the potential GDE map 
included in the shapefile ‘PGDE-Atlas3-RevA.shp’.  The Queensland Department of Environment 
and Science (DES) GDE mapping dataset (Version 1.5, April 2017) was reviewed and overlaid 
with a ground-truthed Regional Ecosystem (RE) mapping dataset collected from fieldwork 
completed between March and June 2022 by Boobook Ecological Consulting (Boobook). This 
mapping was also compared with Commonwealth GDE mapping accessed from the Groundwater 
Dependant Ecosystem Atlas from the Bureau of Meteorology.  

Following the mapping process a list of potential GDEs was developed within the Project Area, 
described by RE and GDE type. The GDE types adopted terminology used in the Queensland 
GDE mapping rule sets, with the typical vegetation community composition in these areas derived 
from the RE description, modified from field observations on floristic species.  

This process resulted in a field verified potential GDE map, through assessment of the vegetation 
community type and its location in the landscape. A review of publicly available literature has also 
been completed to identify potential root depth of the tree species that occur within the identified 
potential GDEs.   

Ground-truthed vegetation survey 

Baseline botanical surveys were undertaken by Boobook from March to June 2022, to describe 
dominant flora and vegetation community structure within the Project Area. Ground-truthing of the 
REs within the Project Area was undertaken using the quaternary level of data collection as 
described by Neldner et al. (2022).  Field surveys were conducted by Michael Cunningham 
(Senior Ecologist), Courtney Andrew (Graduate Ecologist) and Rosamund Aisthorpe (Botanist) in 
the periods 14 – 18th March 2022, 22 – 25th March 2022; 30 April – 5th May 2022), and 9 – 13th 
June 2022. 

Vegetation community assessments were undertaken within 50 m x 20 m plots (0.1 ha) within 
representative locations in all identified RE and regrowth vegetation types within the Project Area. 
Faunal habitat values were also assessed within these plots (see below). The locations of 
vegetation and habitat survey sites are shown in Figure 2.  Vegetation community polygons were 
verified in accordance with Queensland RE description and biodiversity status as per the latest 
updates of the Regional Ecosystem Description Database (REDD) (DES 2021) and TEC criteria 
(DAWE 2022b; TSSC 2013, 2019). 

RE polygons were assigned to remnant or non-remnant status as defined by the Vegetation 
Management Act 1999 (VM Act), with reference to Version 3.2 of the Queensland Government 
BioCondition Benchmark Database (Queensland Herbarium 2021). Remnant vegetation had 
obtained a canopy cover more than 50% of the benchmark canopy layer and a height more than 
70% of the benchmark height of minimally disturbed vegetation of a given RE (referred to below 
as the 50/70 rule).  

The Project Area features long, narrow linear corridors of vegetation, these features were mapped 
down to a minimum width of 25 m (equivalent to the 1:25 000 scale in Neldner et al. 2022).  
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Aquatic ecology surveys and features 

Details on the surface water ecology of the Project Area have been informed by field surveys and 
assessments.  The aquatic ecology sampling was undertaken by Freshwater Ecology from the 14 
- 21st of March 2022. Thirty-two sites assessed across the Project Area (Figure 2) and the sampling 
techniques used were in line with the Monitoring and Sampling Manual: Environmental Protection 
(Water) Policy (DES, 2018b). Assessments undertaken included: 
 

 Aquatic habitat assessment (all 32 sites); 

 In situ water quality assessment (24 sites); 

 Macrophytes assessment (30 sites); 

 Macroinvertebrate assessment (15 sites); 

 Backpack electrofishing (13 sites); 

 Fyke netting (large nets) (six sites); and 

 Visual observation. 

The waterways present within the Project Area are all ephemeral, with most waterways drying 
completely during dry periods. Very few of these waterways retaining pooling water during dry 
periods. At the time of the field surveys, the majority of waterways present in the Project Area had 
already ceased surface water flows with disconnected pools noted along the watercourses. There 
was some subsurface flow present at sites along most creeks that contained sandy substrates.  

The gaps between water pools was often separated by open grasslands and poorly defined 
channels. Riparian vegetation was present and density of such vegetation varied from moderate to 
non-existent, with most surveys sites having relatively low vegetation present. The in-stream 
habitats present were concluded to be mostly of ‘fair’ condition across the majority of sites that were 
surveyed (17 of 24), with the remaining seven concluded to be of ‘poor’ condition.  
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FIELD VERIFIED VEGETATION COMMUNITIES AND GROUNDWATER 
DEPENDENT ECOSYSTEMS 

Within the Atlas Stage 3 Project Area, the majority of the terrestrial and aquatic GDEs are 
associated with watercourses and the adjacent alluvial plains.  This includes the named creeks 
Woleebee Creek, Wandoan Creek, Conloi Creek and Hellhole Creek, as well as several unnamed 
creeks and hydrological features.  

Using the terminology developed as part of the DES GDE mapping, the following potential 
terrestrial and aquatic GDE types have been identified as occurring within the Atlas 3 Project Area 

1. Riverine wetlands on alluvia overlying sandstone ranges with fresh, intermittent flow 

2. Treed regional ecosystems on alluvia overlying sandstone ranges with fresh, intermittent flow 

Within the Atlas Stage 3 Project Area, these potential GDE types correspond with RE types that 
occur on alluvial landscapes, associated with watercourses and the adjacent floodplain areas.  
Based on the DES GDE mapping rule sets, these vegetation communities rely on alluvial aquifers 
that form from particles such as gravel, sand, silt and/or clay deposited by fluvial processes in 
river channels or on floodplains. These deposits store and transmit water to varying degrees 
through inter-granular voids, pore spaces, fractures and other weathered zones of the rock 
material. Typically groundwater moves laterally and is commonly discharged to the surface along 
the contact between two rock types.  

In addition to the alluvial groundwater processes, the geology of the Surat Basin can produce 
significant water discharges into surrounding above ground wetlands, particularly in areas with 
heavy sandstone geology, notably the Precipice Sandstone in the basin’s north (Hayes, et al., 
2020). The coarser grain size in these rock formations are considerably more permeable than 
bedrock material in surrounding geological formations and allows hydrological flows to move 
freely. Aquifer recharge is not uniform and is highly dependent on precipitation levels and flooding 
regimes. In ephemeral systems, such as those GDE’s identified in the Project Area, aquifer 
recharge will likely occur during alluvial inundation events, i.e. flooding. 
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Identified GDEs within the Project Area 

The GDEs identified within the Project Area have been described in relation to three key areas 
(Figure 3), delineated based on general characteristics and condition within the Project Area :  

1. North: Wandoan and Woleebee Creeks; 

2. Central: Woleebee and Conloi Creeks; and 

3. South: Hellhole Creeks 

Field verified vegetation communities extent 
All three areas are comprised of mosaics of remnant and regrowth REs of varying patch size and 
ecological condition. RE 11.3.25 (Forest Red Gum Eucalyptus tereticornis or River Red Gum 
Eucalytpus camaldulensis woodland fringing drainage lines) is the most widely abundant 
vegetation community identified that the potential to be a GDE, however interconnected patches 
of other REs are present.  Historic land clearing is known to have occurred throughout the Project 
Area that has impacted the condition of terrestrial GDEs, particularly along creek lines and water 
courses. Grazing pressure is also likely to influence the ecological condition of RE patches and 
their value for maintaining biodiversity levels.  

North: Wandoan and Woleebee Creeks 
The northern section of the Project Area (Figure 3a) is dominated by RE 11.3.25 (Forest Red 
Gum Eucalyptus tereticornis woodland fringing drainage lines), however areas of RE 11.3.2 
(Poplar Box Eucalyptus populnea woodland on alluvial plains), 11.3.27 (Freshwater wetlands: 
Coolabah Eucalyptus coolabah and/or Forest Red Gum) open woodland to woodland fringing 
swamps) and 11.3.17 (Poplar Box woodland with Brigalow Acacia harpophylla and/or Belah 
Casuarina cristata on alluvial plains) are also present in smaller more fragmented patches within a 
wider landscape of modified pastures, cropping and grazing land. In addition to exotic pastures, 
invasive species such as Opuntia spp, Mother-of-Millions Bryophyllum delagoense and Harrisia 
Cactus Harrisia martini were common throughout this section of the Project Area. 

Dominant canopy tree species recorded during field surveys include Eucalyptus spp., particularly 
Poplar Box, and Forest Red Gum. Other characteristic species associated with the RE such as 
Brigalow, Belah and an understory of False Sandalwood Eremophila mitchellii have also been 
confirmed to be present by field surveys and suggest at least some retention of ecological value. 
Average root depth for species of Eucalyptus present is known, based on literature reviews, to 
range from 9m to 22.6m, depending on the species and the interactions between geomorphology 
and plant physiological traits. Rooting depth of other associated species is poorly understood 
however assumed to be shallower than these measurements. A combination of remnant and 
advanced regrowth is present within the northern area with remnant vegetation dominating the 
REs within the northern areas.  

Riparian zones within the Project Area were largely intact, with Woleebee Creek having the widest 
remnant, riparian zone in relation to the surrounding vegetation patches. It should be noted that 
many REs have been identified to be in degraded quality and situated adjacent to endangered 
vegetation communities. Although the relative reliance on groundwater could not be identified for 
some of these dominant species, it is likely that the Eucalyptus species present in these riparian 
zones are likely to be sensitive to changes in ground water availability.  For other dominant flora 
species, such as Brigalow and Belah, at least an indirect reliance on groundwater availability 
through water discharge should be assumed.  
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Central: Woleebee Creeks and Conloi Creeks  
The mapped GDEs within the central area (Figure 3b) are also dominated by RE 11.3.25 (Forest 
Red Gum woodland fringing drainage lines). These patches have been confirmed to largely be 
remnant communities although some regrowth is also present. Forest Red Gum woodlands 
fringing water courses are confirmed to be present following field surveys with other Eucalyptus 
spp. Such as Poplar Box and Silver-leaved Ironbark Eucalyptus melanophloia also present 
throughout the area.  

Unlike the northern area, REs that occur in riparian zones and on alluvium in the centre of the 
Project Area are considerably smaller in size and influenced by increased fragmentation. This will 
place considerably higher pressures on ecosystem condition with grazing and exotic pasture 
species likely to negatively impact recruitment, species diversity and structural complexity.. 

Riparian vegetation offers opportunities for landscape connectivity with Hinchley and Juandah 
State Forest to the west outside of the Project Area and Gurulmundi State Forest and Stones 
Country Resources Reserve located in the south of the Project Area.  The existing riparian and 
alluvial vegetation communities in this area supports species dispersal throughout the landscape 
and provides connectivity between the State Forest areas.  

The dominant tree species in this section of the Project Area are again Eucalyptus spp., with 
Forest Red Gum, Poplar Box and Silver-leaved Ironbark the most common species. The known 
rooting depth for these species, as identified from literature reviews, has been identified at 
between 9m and 22.6m with a reliance on groundwater known for at least Forest Red Gum. High 
threat invasive species have also been observed that may threaten the long-term ecological 
condition if propagule pressure is too high. 

Southern: Hellhole Creek 
The southern area (Figure 3c) is dominated almost exclusively with RE 11.3.25 (Forest Red Gum 
woodland fringing drainage lines). A combination of regrowth and remnant vegetation is found in 
the southern area with the majority of patches confirmed to be remnant. Much like the central 
area, many patches found in the southern area are highly fragmented and restricted to thin bands 
of riparian vegetation. This likely increases sensitivity to ecological pressures and inhibits the 
functional capabilities and recruitment potential of the patch.  

Those that remain connected with continuous vegetation were found to contain a higher flora 
species richness across all community structures and more closely aligned with species 
assemblages associated with the RE. Dominated by Forest Red Gum and Poplar Box, these 
patches will be highly reliant on the availability of groundwater, when above groundwater is not 
present, and sensitive to changes in its availability.  
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Field verified GDE vegetation communities and condition 

RE 11.3.2 Eucalyptus populnea woodland on alluvial plains  
Regional Ecosystem 11.3.2 is listed as Of Concern under the QLD Vegetation Management Act 
1999 (Vegetation Management Act 1999, 2019) (VM Act) This vegetation community also meets 
the definition of the endangered threatened ecological community Poplar Box grassy woodland on 
alluvial plains, listed under the Environment Protection and Biodiversity Conservation Act (EPBC 
Act). 

The RE also provides potential habitat for threatened species including Belson’s Panic 
Homopholis belsonii, Koala Phascolarctos cinereus and Greater Glider (Petauroides volans) 
(Smith & Smith, 2018; Sullivan, Norris, & Baxter, 2003). Poplar Box is the dominant flora species 
associated with Regional Ecosystem 11.3.2.  

A secondary tree layer may occur in this RE with species such as Doolan Acacia salicina, False 
Sandalwood and Leichhardt Bean Cassia brewsteri. Tussock grasses dominate the ground layer 
with Chloris, Enteropogon and Aristida species common. Associated with alluvial plains and 
dryland ecosystems, Poplar Box and allied flora species are restricted to areas with more reliable 
water availability. Having been identified to produce an extensive root system and rely on the 
availability of groundwater reservoirs (Kath, et al., 2014), the health of this regional ecosystem is 
likely to be influenced by the availability of groundwater in the alluvial strata.  

 

 

Photograph 1 Representative photographs of Regional Ecosystem 11.3.2 
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RE 11.3.17 Eucalyptus populnea woodland with Acacia harpophylla and/or 
Casuarina cristata on alluvial plain 
Regional Ecosystem 11.3.17 is listed as Of Concern under the VM Act and also provides habitat 
for threatened species such as the Koala, Greater Glider and Belson’s Panic (Smith & Smith, 
2018).  

The dominant flora species include Poplar Box, Brigalow) and Belah. A shrub layer and lower 
shrub layer are usually present of species such as False Sandalwood, Wilga Geijera parviflora 
and Yarran Acacia melvillei.  

A ground layer is present dominated by tussock grasses including Red Grass Bothriochloa 
decipiens, Purple Wire Grass Aristida ramosa and Curly Windmill Grass Enteropogon acicularis. 
While Poplar Box has been identified as utilising groundwater sources, the rooting depth and 
subsequent groundwater dependence is unknown for both Brigalow and Belah. Suckering from 
extensive lateral root growth is a common habit in Brigalow, particularly in response to water 
scarcity, however it is unknown how these structural characteristics influence groundwater usage.  

Other species of Casuarina are known to produce extensive root systems capable of accessing 
groundwater aquifers. Considering the physiological similarities and size in which Belah is known 
to reach, it is likely that similar evolutionary traits may be present.  

 

Photograph 2 Representative photographs of regional ecosystem 11.3.17 
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RE 11.3.19 Callitris glaucophylla, Corymbia spp. and/or Eucalyptus melanophloia 
woodland on Cainozoic alluvial plains 
Regional Ecosystem 11.3.19 is listed as Least Concern under the VM Act, however it can provide 
habitat for a number of threatened species such as the flora species Fimbristylis vagans and 
Vittadinia decora.  

White Cypress Pine woodlands are usually codominant with Eucalypts such as Carbeen 
Corymbia tessellaris that form well-defined but discontinuous open forest to woodland canopies. 
Other trees such as Rough-barked Apple Angophora melanoxylon or Poplar Box may occur as 
emergent trees. Scattered tall shrubs such as Ironwood Acacia excelsa, Quinine Bush Alstonia 
constricta and White Cypress Pine are often present. A ground layer is sparse to dense in relation 
to the tree density and consists predominantly of grasses such as Black Spear-grass 
Herteropogon contortus, Erichne helmsii and Comet Grass Perotis rara. Forb diversity is relatively 
low but may become seasonally prominent. Occurring in deep soils on rises and the alluvial plains 
of major river systems there is likely to be at least some reliance on groundwater by Silver-leaved 
Ironbark and Corymbia spp. based on morphological similarities to closely related species such as 
River Red Gum. White Cypress Pine is known to have a concentrated root system restricted to 
surface soils that limits the species capacity to access deep aquifers (Thompson & Eldridge, 
2005).  

High soil permeability arising from sandstone geology establishes free draining conditions desired 
by the species. Intolerances of extended droughts and inundation suggest that this RE type is can 
be reliant on the availability of water from shallow underground aquifers, alluvium and above 
ground water. 

RE 11.3.25 Eucalyptus tereticornis or E. camaldulensis woodland fringing 
drainage lines  
Regional Ecosystem 11.3.25 is listed as Least Concern under the VM Act, however it can be 
associated with high fauna species richness and provides critical habitat for threatened fauna 
species such as the Koala and Greater Glider (Smith & Smith, 2018; Sullivan, Norris, & Baxter, 
2003).  

Both River Red Gum and Forest Red Gum provide critical habitat structures to fauna, such as tree 
hollows, and are important for regulating ecological functions in dryland and wetland systems. 
Other trees such as River Oak Casuarina cunninghamiana and Black Tea-tree Melaleuca 
bracteata may also occur. A tall shrub layer is usually present that includes species such as 
Doolan, River Myall Acacia stenophylla and Queensland Ebony Lysiphyllum carronii.  

Lower shrubs are sometimes present but rarely form a distinctive layer. The ground layer is open 
to sparse and dominated by perennial grasses, sedges and forbs. Several vegetation 
communities make up this RE and species diversity is known to vary between communities. In 
addition to the two dominant canopy species, others such as Melaleuca, Corymbia, Casuarina 
species may also be present.  
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This RE can include both ephemeral and permanent wetlands and so aquatic vegetation will vary 
depending on the presence of permanent, open water however none of these areas were 
recorded and mapped within the Project Area.  Both dominant flora species in this RE are known 
to produce deep root systems (See Table 3-1) and rely on groundwater aquifers for survival. In 
the case of River Red Gum, high tolerance to saline groundwater is particularly important 
(Mensforth, Thorburn, Tyerman, & Walker, 1994). E. camaldulensis is commonly found along 
ephemeral wetlands with variable flooding regimes. The availability of underground aquifers, 
particularly in alluvial layers are likely to be important for maintaining ecosystem health for areas 
RE 11.3.25.  

 

 
 

RE 11.3.27 Freshwater Wetlands 
RE 11.3.27 is classified as freshwater palustrine wetlands that occur in a variety of situations 
including lakes, billabongs, oxbows and depressions on floodplains. It is listed as Least Concern 
under the VM Act.  Vegetation structure and diversity is highly variable throughout the RE with a 
variety of associated vegetation communities, including open water aquatic species, fringing 
sedgelands and eucalypt woodlands. Species diversity also varies considerably between 
communities driven largely by the permanence of water bodies.  

Eucalyptus species are common, and Acacia, Melaleuca and a range of other species may also 
be present. Species found in ground layers is variable however Cyperus, Chloris and Phragmites 
australis are common. Woodlands comprised of E. camaldulensis and/or E. tereticornis are likely 
to directly depend on groundwater at least seasonally, especially when situated along ephemeral 
drainage lines and creeks, or alluvial flood plains.  

  

Figure 3-3: Representative photographs of regional ecosystem 11.3.25 
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Aquatic vegetation in drainage channels in the Project Area are also likely to be indirectly reliant 
on groundwater systems that provide discharge to above ground wetlands and maintain soil 
moisture and hydrological flow. Aqautic macrophyte cover, including some floating species and 
emergent sedges was generally low across the Project Area, reflecting the ephemeral nature of 
the watercourses.   

Vegetation communities dominated by Eucalyptus is likely to provide suitable habitat to 
threatened species such as the Koala and Greater Glider (Smith & Smith, 2018; Sullivan, Norris, 
& Baxter, 2003). Habitat structures, such as tree hollows, will also be a critical resources for 
hollow dependent fauna.  

 

 

Photograph 3 Representative photographs of regional ecosystem 11.3.27 
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Tree rooting depth  

A review of available literature on tree rooting depth for those dominant species present in each of 
the ground-truthed REs has been completed to understand how dependent these species may be 
on groundwater (Table 3-1). 

The depth of root growth is not known for most native trees and estimates that have been 
presented are based on the literature referenced in Table 3-1. The depth of the root zone will be 
largely dependent on abiotic environmental conditions such as soil depth, fluctuations in seasonal 
rainfall and flooding regimes. 

Table 0-1  Potential GDEs, vegetation description and tree rooting depth 

Regional 
Ecosystem Code 
and name 

GDE type Dominant flora 
species  

Field verified 
condition 

Groundwater 
dependence and 
rooting depth 

11.3.2 
Eucalyptus 
populnea woodland 
on alluvial plains 

Treed regional 
ecosystems on 
alluvial overlying 
sandstone 
ranges with 
fresh, 
intermittent flow 

Poplar Box 
Eucalyptus 
populnea  

Majority of this RE and 
potential GDE is in a 
remnant condition. 
Occurs on alluvial 
plains adjacent to 
riparian vegetation.  

12.6 - 22.6m (Kath, et 
al., 2014) for Poplar 
Box 

11.3.17 
Eucalyptus 
populnea woodland 
with Acacia 
harpophylla and/or 
Casuarina cristata 
on alluvial plain 

Treed regional 
ecosystems on 
alluvia overlying 
sandstone 
ranges with 
fresh, 
intermittent flow 

Poplar Box 
Brigalow Acacia 
harpophylla  
Belah Casuarina 
cristata 

Identified as majority 
remnant vegetation and 
occurs on adjacent 
alluvial floodplains, 
usually connected to 
the adjacent riparian 
zone. 

Poplar Box - 12.6-
22.6m (Kath, et al., 
2014) 
Brigalow - Unknown 
Belah - Unknown  

11.3.19 
Callitris 
glaucophylla, 
Corymbia spp. 
and/or Eucalyptus 
melanophloia 
woodland on 
Cainozoic alluvial 
plains 

Treed regional 
ecosystems on 
alluvia overlying 
sandstone 
ranges with 
fresh, 
intermittent flow 

White Cypress 
Pine Callitris 
glaucophylla;  
Corymbia spp. 
And/or 
Silver-leaved 
Ironbark 
Eucalypus 
melanophloia  

Occurs on alluvial 
floodplains adjacent to 
riparian zone  

Up to 6m (Callitris 
glaucophylla) 
(Eberbach, 2003) 
Silver-leaved Ironbark 
- Unknown but likely 
potential to be similar 
to Forest Red Gum 
 

11.3.25 
Eucalyptus 
tereticornis or E. 
camaldulensis 
woodland fringing 
drainage lines 

Riverine 
wetlands on 
alluvia overlying 
sandstone 
ranges with 
fresh, 
intermittent flow 

Forest Red Gum  
 

Largely confined to 
fringing riparian 
vegetation along 
watercourse and is the 
most common RE and 
GDE type within the 
Project Area. 
Varying condition, 
ranging from advanced 
regrowth to remnant. 

At least 9m and 
assumed to reach 
groundwater 
reservoirs (Forest 
Red Gum) (Ausecology 
Pty Ltd, 2018) 
12.1 - 22.6m  (E. 
camaldulensis) 
(Jones, et al., 2020) 
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Regional 
Ecosystem Code 
and name 

GDE type Dominant flora 
species  

Field verified 
condition 

Groundwater 
dependence and 
rooting depth 

11.3.27 
Freshwater 
Wetlands 

Riverine 
wetlands on 
alluvia overlying 
sandstone 
ranges with 
fresh, 
intermittent flow 

Variable 
freshwater 
vegetation 
ranging from open 
water to fringing 
sedgelands and 
eucalypt 
woodlands. 
Forest Red Gum 

Occurs largely in 
closed depressions or 
oxbows adjacent to 
watercourses or on 
adjacent alluvial plains.  

Eucalyptus 
camaldulensis- 12.1-
22.6m (Jones, et al., 
2020) 
Forest Red Gum- at 
least 9m (Ausecology 
Pty Ltd, 2018) 
Eucalyptus coolabah- 
possibly at least 7-8m 
(Costelloe, 2016) 
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MAPPED POTENTIAL GDE WITHIN THE 25KM BUFFER ZONE  

Desktop studies have identified a higher diversity of potential terrestrial GDE within the 
surrounding 25km buffer area with a total of 18 REs mapped as overlapping with the Queensland 
GDE mapping (Figure 4). These vegetation communities can be categorised into three broad 
groups based on functional ecosystem characteristics: 

1. Deep rooted treed regional ecosystems  

2. Riverine Wetlands  

3. Treed regional ecosystems associated with intermittent flow  

These GDE display a scattered distribution throughout the landscape and their presence will likely 
be influenced strongly by historic land use practices.  

Deep rooted treed regional ecosystems 

These GDE collectively cover the greatest area throughout the 25km buffer zone. With many 
being connected to aquifers, some of the deep rooted REs present are likely to be less reliant on 
riparian zone alluvium with many appearing to persist in the landscape between waterways. 
Currently these GDE are clustered towards the southern end of the project buffer zone and are 
prominent around nearby state forests and patches of continuous vegetation not mapped as GDE.  

It is likely that these GDE were historically present across the landscape covered by the project 
boundary but historical impacts associated with grazing and land clearing have likely reduced 
their distribution throughout the buffer. Like those GDE within the project boundary, these GDE 
are likely to be dominated by Eucalyptus spp and highly valuable habitat for a range of species. 
With large patches still present in parts of the landscape, it can be expected that a higher species 
diversity and variable vegetation structure will have been retained.  

Riverine Wetlands  

Those GDE classified as riverine wetlands show a broader collective distribution throughout the 
project boundaries buffer zone, despite occupying smaller areas. As expected of wetland 
ecosystems, riverine wetlands are isolated along creek lines and are found throughout the 25km 
buffer zone. Riverine wetlands are virtually absent from the western side of the project boundary 
however this may simply be an indication of historic land clearing rather than unsuitable 
conditions for the GDE.  

Intact riparian zones show evidence of good ecosystem health with large portions of riverine 
wetlands forming contiguous patches with relatively good connectivity. Treed regional ecosystems 
on alluvia overlying sandstone ranges with fresh, intermittent flow in particular appear to be 
connecting GDE in the north area to the surrounding landscape. With GDE within the project 
boundary known to potentially provide habitat for threatened species, such as the Koala and 
Greater Glider, any connectivity through cleared landscapes will likely hold disproportionately 
large benefits to biodiversity in comparison to patch size. While currently not confirmed with 
ground-truthing, these riparian zones are likely to be dominated by similar species found in those 
GDE surveyed within the project boundary. Thus it can be expected that Poplar Box, Rive rRed 
Gum and Silver-leaved Ironbark will be present in the canopy throughout these GDE.  
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Some fragmentation is still present within individual GDE, particularly those situated in the 
northern half of the buffer zone. These fragments are likely connected via creek lines, however 
the lack of continuous vegetation will likely decrease ecosystem function and, without regrowth or 
continued recruitment, patches may be at risk to the same disturbance processes known within 
the project boundary (Grazing, exotic species and limited recruitment potential). Although a 
largely intact canopy appears to be present, it is unclear to what extent recruitment or expected 
understory structure is present. With variable structural diversity known from GDE within the 
project boundary, it can be expected that similar conditions will be present. 

Treed regional ecosystems associated with intermittent flow 

The remaining GDE present are collectively the most fragmented vegetation communities present 
throughout the 25km buffer area. Small isolated patches can be found scattered throughout the 
southern half of the buffer zone. While multiple different GDEs are represented throughout the 
buffer zone, they are typically small in size with little to no other representative patches present 
throughout the buffer. The long term persistence of these patches is potentially impacted as a 
result of fragmentation however flooding regimes may assist populations in dispersal and 
downstream recruitment. Proximity to continuous vegetation, particularly in state forests, may 
buffer patches from continued decline. Much like the riverine wetland GDE, the highly fragmented 
nature of these GDE may not be a reflection of unsuitable conditions but rather a result of historic 
landscape disturbances associated with land use.  

The largest patch of treed GDE can be found directly north of the project boundary and is 
dominated by treed regional ecosystems on alluvia with fresh intermittent flow. This extensive 
riparian zone connects two major clusters of GDE types one of which is the diverse vegetation 
communities found in the north area of the project boundary. Based on the predicted areas 
produced by state GDE mapping, these GDE appear to provide large areas of riparian zones and 
are the dominant clusters of dense vegetation in the immediate landscape. Some gaps appear 
along major water courses in state mapping however it is unclear if this is a reflection of ground-
truthed changes in vegetation structure at the local scale or a limitation in the spatial layers 
sensitivity.  
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COMMONWEALTH MAPPING OF TERRESTRIAL AND AQUATIC GDE 

Commonwealth mapping of aquatic and terrestrial GDE within the 25km buffer from the Atlas 
Stage 3 Gas Project tenements boundaries, shows that considerable overlapping with 
Queensland state mapping is present (Figure 5). GDE remain heavily associated with riparian 
zones and other waterways outside of protected state forests. Fragmentation is still apparent in 
Commonwealth mapping and is likely to result from a combination of historic disturbance regimes 
and natural geomorphological processes.  
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