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Executive Summary 

This report summarises the 2021 aquatic ecology surveys at Dargues Gold Mine (DGM) as required by 

their Biodiversity Management Plan (BMP).  Habitat features, water quality, and macroinvertebrate and 

fish communities were sampled at eight sites surrounding DGM in November 2021.  Four groundwater 

monitoring bores were also sampled for stygofauna.     

Riparian condition at each of the sites was classed as either ‘good’, ‘very good’ or ‘excellent’.  There 

were slight changes to these classifications between 2020 and 2021 monitoring period, due mainly to 

changes in sediment composition and flow levels.  Sites upstream of DGM had the poorest riparian 

condion, being located in agricultural land, while downstream sites were in partially forested land and 

had riparian zones in better condition, although still contained some weeds. 

Water quality varied between sites and was generally acceptable for all variables except pH, which was 

above Australian and New Zealand Environmental Conservation Council (ANZECC) guidelines for 5 sites, 

and EC, which was high at 3 sites.  Dissolved oxygen concentration was outside ANZECC guidelines at  

sites AE6 to AE8.   

Fish numbers varied across sites, with increases all sites between 2020 and 2021 except AE3, AE5 and 

AE6.  There were large increases in Galaxias olidus (Mountain Galaxias) populations at AE4 and AE7.  

Anguilla australis (Short-finned Eel) numbers was present at all sites except AE5, AE6, and AE7. 

Gobiomorphus coxii (Cox’s Gudgeon) was present only at AE1.   

Macroinvertebrate communities had a relatively high taxa richness, with 43 taxa collected in spring 

2021, slightly fewer than the 47 collected 2020.  Taxonomic richness ranged from 10 to 23 taxa per site, 

and SIGNAL Scores were between 3.36 and 5.25 and indicated severe to moderate disturbance.  

The two sites upstream of Dargeus Gold Mine (AE6 and AE8) had the lowest Riparian Channel 

Environment (RCE) scores.  Both sites had poor riparian vegetation and heavily eroded channels from a 

history of agricultural activity.  AE8 is crossed by a concrete-lined causeway. Again, Sites AE1 and AE3, 

downstream of DGM, had the highest RCE score (excellent) with good instream habitat and supported 

a diverse macroinvertebrate community.   

Ecological conditions in 2021 were similar to those in 2020 and 2019, despite the continued occurrence 

of high flow events at all sites.  Macroinvertebrate communities had higher SIGNAL Scores immediately 

downstream of DGM and maintained similar scores at downstream sites. Physicochemical parameters 

showed no declining trends downstream moving downstream suggesting that DGM is not having a 

significant impact on the aquatic ecology of Majors Creek or Spring Creek. The aquatic ecology appears 

to be in relatively good condition considering the agricultural history of the catchment, and is likely to 

continue improving if above-average rainfall persists.  
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1. Introduction 

Dargues Gold Mine (DGM) is operated by Aurelia Metals Ltd and is located north of the village of Majors 

Creek and 13 km south of Braidwood in the south-eastern highlands of New South Wales. DGM was 

granted project approval in February 2012, and a Biodiversity Management Plan (BMP) was prepared 

in May 2012 (R.W. Corkery & Co 2012).  In accordance with the conditions of the project approval, the 

BMP outlines the requirements for monitoring of vegetation (flora), fauna, aquatic ecology and 

stygofauna at DGM.   

Aquatic ecology surveys have occurred at DGM since 2011, with Eco Logical Australia (ELA) taking over 

in 2016 and continuing to the current survey period. Surveys occur in autumn and spring every year, 

although autumn surveys were not completed in 2021. Surveys have the following objectives: 

• Monitor abiotic (physico-chemistry of water, habitat features) and biological 

(macroinvertebrate and fish communities) indicators of aquatic ecosystem health in Majors 

Creek and Spring Creek. 

• Assess if there are changes between sites upstream and downstream of the mine or over time. 

• Recommend mitigation and management options to reduce the impact on aquatic ecosystems. 

 

ELA has conducted the surveys in autumn and spring in 2016-2020 and most recently in spring of 2021 

as a continuation of the monitoring program.  This report outlines the summary findings of the aquatic 

ecology and stygofauna monitoring for the spring 2021 surveys.   
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2. Methods 

2.1 Licences and permits 

Both autumn and spring surveys were conducted under ELA’s Scientific Collection Permit Number 

P09/0038-3.0, issued by the NSW Department of Primary Industries under Section 37 of the Fisheries 

Management Act 1994.  The Department of Primary Industries - Fisheries office in Narooma was 

notified prior to the survey event of our intention to sample.  

2.2 Survey conditions 

Ian Dixon and Joe Gleeson collected spring samples between 1 and 5 November. During the spring 

survey period, temperatures ranged from 5.4°C to 23.5°C, with rain occurring in the last two days (Table 

1).  During the survey period all sites were flowing.  

Table 1: Temperature and rainfall data during the 2021 survey periods.  Data from Majors Creek weather station  

Date Season Rainfall (mm) Maximum Temp Minimum Temp 

01/11/2021 Spring 0 22.9 5.4 

02/11/2021 Spring 0 21.4 9.3 

03/11/2021 Spring 0 23.5 5.7 

04/11/2021 Spring 6.6 15.7 13.6 

05/11/2021 Spring 37.4 16.0 12.5 

 

2.3 Sampling sites 

Dargues Gold Mine lies adjacent to Spring Creek, which enters Majors Creek approximately 1 km 

downstream of the mine. Eight sites are sampled during each survey (Error! Reference source not 

found.).  To adhere to sampling protocol, three reference sites, including two sites (AE7 and AE8) on 

Majors Creek upstream of the Spring Creek confluence and one site (AE6) on Spring Creek, are upstream 

of the mine.  Three sites are downstream and may be impacted by the mine.  These sites include AE5 

on Spring Creek downstream of the mine, and AE4 and AE3 on Majors Creek downstream of the Spring 

Creek confluence.  Additionally, two sites are approximately 6 km downstream from Dargues Gold 

Mine, AE1 and AE2, which are on Majors Creek downstream of the Araluen escarpment and in the 

Majors Creek State Conservation Area. As these sites are downstream of a well-vegetated conservation 

area, they are used to indicate how well the aquatic ecology recovers from any potential changes 

occurring in the sites closer to the mine.  
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Figure 1: Location of sites and bores sampled in spring 2021 
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2.3.1 Habitat features, aquatic vegetation, and incidental observations 

The density of aquatic vegetation was assessed visually at each site by estimating the percentage cover 

of each species.   

Riparian condition assessment was undertaken using a version of the Riparian, Channel and 

Environmental (RCE) inventory (Peterson 1992) modified for Australian conditions (Chessman et al. 

1997).  The modified RCE has 13 descriptors, each with a score from 1 to 4.  Descriptors include width 

and condition of the riparian zone, surrounding land use, the extent of bank erosion, stream width, 

water depth, the occurrence of pools, riffles and runs, sub-stratum type, the presence of snags and 

woody debris, in-stream and emergent macrophytes, algae, and barriers to fish passage.  The total score 

for each site was then derived by summing the score for each descriptor and calculating the result as a 

percentage of the highest possible score.  

Sites with a high RCE score (up to 52, or 100%) indicate that the riparian zone is unmodified by human 

activity, while those with a low score have been substantially modified.  Based on the original 

classification established by Peterson (1992), site condition was rated as: 

• Poor for RCE scores of 0-24% 

• Fair for RCE scores of 25-43% 

• Good for RCE scores of 44-62% 

• Very good for RCE scores of 63-81% 

• Excellent for RCE scores of 82-100%. 

 

Other habitat features were assessed in accordance with the Policy and Guidelines for Fish Habitat 

Conservation and Management (NSW DPI 2013).  Each site was photographed, and the GPS location 

recorded (Appendix A). 

2.3.2 Physico-chemistry 

To complement biological data, physico-chemical parameters were measured at each site.  

Temperature, dissolved oxygen (DO) concentration, electrical conductivity (EC), turbidity and pH were 

measured with a Horiba U-52/10m multi-parameter water quality meter.  EC, turbidity and pH sensors 

were calibrated in the laboratory prior to the field survey and DO was calibrated at the start of each 

field day.  Alkalinity was measured with a Hanna HI755 Freshwater Alkalinity Checker.  Duplicate 

measurements were made for each variable. 

Physico-chemical measurements were compared to the Australian and New Zealand Environmental 

Conservation Council (ANZECC) trigger value range for aquatic ecosystems in south-eastern Australia 

(ANZECC and ARMCANZ 2000). 

2.3.3 Macroinvertebrate sampling and analysis 

Macroinvertebrate samples were collected with a standard 250-µm mesh sweep net.  The net was 

moved in one-metre sweeps with the lower edge of the mouth bounced across the stream bed.  Then 

it was swept twice through the water column above the disturbed area of the bed.  This process was 

repeated until a cumulative length of the sample was 10 m.  The focus was to collect representative 
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samples from each edge habitat feature present (i.e. woody debris, macrophytes) in the 100 m length 

of river, therefore, sweeps were not always adjacent to each other.  An additional 10 m was sampled 

when riffles were present. 

Net contents were emptied into a white sorting tray and scanned for 40 minutes so that each 

invertebrate taxon could be removed and preserved in a jar of 70% ethanol.  If additional taxa were still 

being collected after 40 minutes, the sample was scanned for an additional 20 minutes.  The methods 

follow the NSW AUSRIVAS protocol (Turak and Waddell 2002).  Edge and riffle samples were sorted and 

preserved separately.  

Invertebrates were identified to family in the laboratory using a Leica M80 dissecting microscope.  Each 

family was assigned a Stream Invertebrate Grade Number-Average Level (SIGNAL) score based on 

Chessman (2003).  The SIGNAL score indicates how sensitive an invertebrate family is to disturbance 

and is used as an indication of habitat health.  Families that are sensitive to pollution have scores 

between six and ten and are likely to only occur in healthy habitats, while those with scores below six 

can tolerate pollution and will occur in impacted stream habitats (Gooderham and Tsyrlin 2002).  

Macroinvertebrate community data was analysed using the Primer v7 software package (PRIMER-E Ltd 

2006).  Prior to analysis, data was grouped in factors based on habitat (riffle/edge), and location relative 

to mine (upstream/downstream). As riffle habitat was not available at every site, only edge data was 

used. Data was transformed for presence/absence and a Bray-Curtis similarity matrix developed.  Non-

metric multidimensional scaling (nMDS) plots were generated to visually display data.  Sites with similar 

communities overlap or appear close together in nMDS plots while those with communities that have 

different community compositions are further apart (Clarke and Gorley 2006).   

Analysis of Similarities (ANOSIM) was used to test for similarities between the pre-selected factors of 

habitat, year and location relative to the mine.  ANOSIM tests are multivariate approximations of the 

standard univariate analysis of variance (ANOVA) tests and use the same similarity matrix generated for 

nMDS (Clarke and Gorley 2006).    

2.3.4 Fish sampling 

Fish samples were collected using bait traps and electrofishing.  Unbaited traps were deployed at each 

site where there were areas that could not be effectively sampled by electrofishing e.g. sites with deep 

holes.  The traps were placed in different habitats (i.e. deep pools, overhung edges or logs) at each site 

so that fish using the different habitats could be caught.  These were deployed for approximately 

2 hours. 

Fish were also sampled with a backpack electrofishing units (Smith-Root LR-20B) for between 190 and 

600 seconds of shocking time (Table 2).  All sites were electrofished with shock time varying depending 

on habitat, water present and wading difficulty. Shocking times of 10 minutes were achieved for all sites 

excluding AE6 and AE8.  

Table 2: Backpack electrofisher settings for spring 2021 

Site Frequency 

(Hz) 

Volts DC Time on 

(sec) 

Time on 

(min:sec) 

AE1 95 140 10 600 10:00 
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Site Frequency 

(Hz) 

Volts DC Time on 

(sec) 

Time on 

(min:sec) 

AE2 95 140 15 600 10:00 

AE3 90 200 10 600 10:00 

AE4 90 200 10 600 10:00 

AE5 90 200 10 600 10:00 

AE6 90 200 10 190 3:17 

AE7 90 190 10 600 10:00 

AE8 90 200 15 230 3:83 

 

2.3.5 Stygofauna sampling 

Stygofauna samples were collected from four bores using a stygofauna sampling net.  The 63 µm-mesh 

net was lowered to the bottom of each bore, then drawn up slowly through the water column and 

emptied into a 63 µm-mesh sieve.  Once the contents of six hauls were in the sieve, they were washed 

with 70 % ethanol into a pre-labelled sample jar and preserved.  
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3. Results 

3.1 Site descriptions 

Upstream and downstream photos for each site in Appendix A.   

3.1.1.1 Site AE1 - Downstream of Mountain Road 

This is a narrow reach of Majors Creek near Araluen (Error! Reference source not found.), 5 km 

downstream of the DGM.  The surrounding land was once cleared for grazing and more recently for 

farming activities but has since become sparsely vegetated with recruitment from both native and 

exotic species.   

The channel bed consisted of cobbles and boulders embedded in sand and gravel. In 2020 and 2021, 

flood events in deposited a large amount of sand in the pools, making them shallower than previously. 

The re-shaping of these sand bars continued in 2021, and during the spring survey, the previously deep 

central pool is now shallow.  Bars of sand were common along the reach, although cobbles remained 

the dominant substrate feature.  Water was clear and flowed slowly along the reach, averaging 0.3 m 

deep.   Riffles were present, linking the pools.    Both banks were undercut and held together by matted 

tree roots.  Areas of exposed cobbles in the banks slumped into the creek.  The four large Casuarina 

cunninghamiana (Casuarina) that had fallen into the creek in 2021 created habitat for in-stream aquatic 

fauna.  

A newly formed channel had been eroded on the right bank during high flows. This was approximately 

80 cm deem and 3 m wide, running beside a median bar bound on the opposite side by the main 

channel. The new did not contain water during spring 2021. 

The trees and shrubs in the riparian corridor along the stream were primarily native, with Casuarina 

lining both banks, and Angophora floribunda (Rough-barked Apple), Acacia sp., Eucalyptus spp., 

Pittosporum undulatum (Native Daphne) and Bursaria spinosa (Native Blackthorn) scattered in the 

broader riparian zone.   Rubus fruticosus (Blackberry) had been sprayed and large amounts of dead 

canes were present in the riparian understorey. Some Casuarina continued showing signs of stress, 

although this was no worse than last year.  

 

3.1.1.2 Site AE2 - Upstream of Mountain Road 

AE2 is 400 m upstream of AE1 (Error! Reference source not found.) and downstream of DGM.  The 

surrounding land and vegetation is similar to AE1.   

During 2020 and 2021, floods re-shaped large areas of the bed and bank, depositing sand in bars and 

undercutting trees and areas of banks. The bed consisted of cobbles and boulders in a sand-bed.  Sand 

had been scoured downstream by flow, with more exposure of cobbles and boulders.  Pool-riffle 

sequences were common, with many large boulders and trees in the channel.  During floods in 2020, 

the left bank had breached the bend near an old crossing, mid-way along the reach, and had begun to 

scour the access track.  This has created an alternative path for water in times of flow.  Both banks had 

increased undercutting due to the flood, with some large mature trees supporting the banks becoming 
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unstable.  Flood debris was evident around the young Casuarinas that were recruiting in the channel 

with recruitment thinning after the flood.  No macrophytes were present in the pools.   

During spring 2021, water was clear and flowing with both riffles and pools present.  Sand bars were 

still present, although exposed cobbles and boulders created the main structural features in the 

channel. The scoured channel along the access track has cut a corner of the river and now re-enters the 

river upstream of AE1. The scouring along the access track has become a channel diversion, as 

floodwater had continued to erode the access track, exposing cobbles and boulders.  The ‘new’ channel 

directed water straight into a confluence upstream of AE1, short-cutting the bend and meandering 

natural channel. 

The riparian vegetation resembles AE1, with mature Casuarinas lining the banks and a predominately 

exotic groundcover.  Upstream, juvenile Casuarinas had decreased in density, being thinned out by the 

flood events.  Dead trees were common, with many having fallen along the bank or into the creek.  

Many large trees on outer bends of the creek are slowly being undercut.   

3.1.1.3 Site AE3 - above escarpment downstream   

AE3 is on Majors Creek, approximately 900 m downstream of DGM and 300 m from the top of Majors 

Creek Falls (Error! Reference source not found.).  The channel consists of bedrock with cobble and gravel 

bars, frequently alternating between riffle and pool habitat.  Flooding in 2020 reduced the amount of 

sand, leaving cobbles more exposed and scouring the central pools, but the sand is starting to come 

back so that the main pool is shallower than last year.  The creek is a maximum of 8 m wide but is more 

commonly 2-3 m wide.  Periphyton growth is dense on the upper faces of submerged rocks, particularly 

in the scoured pools.  Downstream, the creek had diverted to west, around a dam created by fallen logs 

and flood debris.  Overall, the banks were steep, and primarily supported by ferns and grasses.  Erosion 

was common on the outer bends and where the channel constricted.   

Water was clear and flowing, with small riffles throughout the reach.  The creek was shaded by steep 

banks, which were lined with vegetation.  There was a moderate amount of woody debris in the pools, 

with large snags and flood debris damming the flow.  None of the macrophytes present in 2019 

(including Typha orientalis (Cumbungi) and Ranunculus sp. (Yellow Water Buttercup)) had returned.  

Blackberry bushes were dense along sections of the banks, and small patches of Mentha sp. (Mint) were 

also observed.  Native Blackthorn was scattered throughout the broader riparian zone.  Native species 

such as Blechnum sp. (Fern) were also present instream and along the banks.  The broader riparian zone 

consisted of undisturbed mature native vegetation, with occasional willow trees.   

3.1.1.4 Site AE4 - Above escarpment  

AE4 is 400 m downstream of Majors Creek Road (Error! Reference source not found.).  Majors Creek 

flows through a narrow valley with a grassed floodplain that extends between 10 and 50 m from the 

water edge before rising steeply.  Upstream, the bed has a predominately sand bed, and there were 

pools and runs approximately 1.5 m deep and 5 m wide in the first two-thirds of the reach.   Deep pools 

had sand deposits along the edges that had accumulated during flooding.  Boulders and cobbles in these 

pools were covered in dense periphyton.  The roots of the mature willow in the centre of the reach 

continued to constrict the channel and has blocked fish passage upstream via a drop to the pool below. 

Debris and sediment deposited in 2020 have blocked off part of the main channel so that most flow 

now travels down and adjacent tribitary on the left bank.  
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Downstream, in the last third of the reach, the creek becomes narrow and shallow with the bed 

comprising of pebbles and cobbles in a sand-bed.  Sand deposits have increased here, filling gaps 

between pebbles and cobbles.  Riffles still occur in the downstream section, however, they are smaller.   

Ferns and Blackberry bushes were present on both banks, with Blackberry bushes having continued to 

increase.  The banks are supported by sedges and grasses that overhang into the water.  Cytisus 

scoparius (English Broom) have become well-established in the upper bank.  The groundcover and 

shrubbery in the broader riparian zone had increased in density.   

3.1.1.5 Site AE5 - Spring Creek lower   

AE5 is on Spring Creek, downstream of the DGM project area (Error! Reference source not found.).  The 

creek flows partly through a narrow valley, then through a wider floodplain.  The creek has an incised 

channel, with the upstream extent narrower. Creek bed consists of sand with occasional cobbles and 

boulders. Pools were less than 1 m deep, with moderate instream woody debris.  Downstream, 

sediment deposits had increased, filling in most of the large deep pool and accumulating around bends, 

causing water to meander within the channel.  Banks have been severely eroded throughout the reach 

and are 1 – 2 m above the water.  Riffles were absent from the site however; the reach was well 

connected with clear water flowing slowly along the narrow runs and occasional pools.   

Riparian vegetation was sparse, with Blackberry increasing in vigour since last survey and scattered 

through the site.  Most of the Cytisus scoparius (English Broom) is dead, and small amounts of Mentha 

sp. (Mint) occurs throughout the site.  Grasses and herbs dominated the groundcover and supported 

both banks, and disturbance by wombats continued to be prominent.  Native ferns and scattered trees 

including Eucalyptus sp. were present throughout the riparian zone.  Instream macrophytes included 

green algae were present throughout the reach, and sparse Rorippa nasturtium-aquaticum 

(Watercress), Persicaria sp., and Juncus sp.  Phragmites australis was becoming established 

downstream of the reach.   

3.1.1.6 Site AE6 - Spring Creek upper 

AE6 is also on Spring Creek, upstream of DGM and approximately 700 m upstream of AE4 (Error! 

Reference source not found.).  There was a haul road crossing built across the site in 2019, which 

resulted in the survey area being moved so the reach extended immediately upstream of the crossing 

to 100 m upstream.  Sand bars had been deposited on the creek edges downstream of the crossing. The 

site was similar to the last time it was sampled.  

Downstream, there was a wide deep pool that transitioned into a dense stretch of Cumbungi.  There 

was sparse Azolla filiculoides (Azolla) and Lemna sp. (Duckweed) around the edges of this pool and a 

large build-up of sediment in the Cumbungi.  The Cumbungi extended upstream in the channel for 

approximately 40 m.  Upstream of the Cumbungi the channel narrowed to 0.3 – 0.5 m wide, with 

sporadic deep pools.  The channel was covered by extremely dense Water Cress and moderate 

Myriophyllum sp.  The banks were gently sloped and heavily vegetated with pasture.  The benthic 

composition was majority silt and sand.  A few boulders and associated cobbles were present through 

the reach, adding to the habitat diversity.   

The riparian zone consisted of pasture grasses with very few trees scattered in the broader area.  English 

Broom was occurred in small numbers and there were large dense patches of Blackberries lining the 

creek in the downstream portion of the reach.  Eucalypts, grasses, and ferns were also present.  The 
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adjacent hillsides are grassed, with some erosion and exposed soil in steep sections.  There is a small 

among of bank erosion with exposed areas just upstream of the crossing.  Wombat burrows were 

evident throughout the broader riparian corridor.   

3.1.1.7 Site AE7 - Upstream control  

AE7 is on Majors Creek, 1 km upstream of the confluence with Spring Creek (Error! Reference source 

not found.).  This site acts as a reference site and is upstream of any potential influence from DGM.  The 

channel was shallow, with an average width of 1 m, though with occasional larger pools. Substrate 

consisted of shallow bedrock and exposed boulders.  A small V-notch weir obstructs the creek in the 

middle of the reach, with a degraded vehicle crossing on the downstream side of this weir.  Upstream 

of this weir was a patch of dense Cumbungi.  The water was clear and flowing with alternating runs and 

pools, but no riffles.  Woody debris was common in most pools, and small schools of Galaxias olidus 

(Mountain Galaxias) were observed throughout the survey.  Filamentous algae was present in each pool 

and boulders and logs were covered in periphyton.   

The riparian zone had no mature trees and was dominated by shrubs and grasses. The shrubs included 

Blackberry, scattered English Broom.  Blackberry was taking over where English Broom had been 

sprayed.  Vegetation alongside the creek consisted of grasses and sedges that overhung the water from 

both banks.  Wombat burrows were common throughout the broader riparian zone.   

3.1.1.8 Site AE8 - Bendoura Road 

AE8 is on Majors Creek, north of the village of Majors Creek, and is bisected by a causeway (Error! 

Reference source not found.). This site acts as a reference site as it is upstream of any potential 

influence from DGM.  There was no notable change between this year and the 2020 surveys.  The 

channel bed consisted of soft sediment and had moderate instream woody debris.  Upstream of the 

causeway was a large, deep pool lined with dense Cumbungi.  This pool is deeper than 1.5 m, 5 m in 

diameter and has a steep bank.  Iron flocs occurred around the edge of the pool, and there was an oily 

sheen on the surface.  Cumbungi grew around much of the pool margin. Downstream of the pool, 

juvenile Willows choked the stream, with their roots creating a bench between the upstream pool and 

downstream culvert.  There was minor bank erosion and a large Willow downstream.  Sand and gravel 

were deposited around the Willow roots, this appears to have been washing in from the road crossing.  

Fringing vegetation upstream included Juncus sp. and pasture grasses, instream vegetation, other than 

Cumbungi, was absent.  Below the causeway, the creek was shallow with Willows of varying age classes 

both in and surrounding the channel.  Willow roots braided across the creek bed, creating a wide, 

shallow area of flow.  Sediment appeared to wash into the creek from the unsealed road that joins the 

causeway.  A wire fence crossed the creek approximately 10 m downstream of the causeway, trapping 

debris and creating a step approximately 1 m high across the channel.  The water was shallow, turbid, 

and flowing slowly with dense iron flocs, green filamentous algae and an oil sheen on the surface.  There 

were no riffles at this site.   

Exotic trees and shrubs dominate the riparian zone, with willows and broom occurring on the banks 

and slopes uostream if the site.  The broader riparian area has been cleared and is mostly covered in 

grasses.   
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3.2 Physico-chemistry 

Temperatures during the spring 2021 monitoring period were  between 14.5°C at AE1 and 19°C at AE4 

(Table 3). The pH ranged from 7.06 to 8.33, and was within ANZECC guideline range for at AE5, AE6 and 

AE8.  Sites AE1 and AE3 only slightly exceeded ANZECC guidelines, so values are acceptable.  

Along Majors Creek, EC showed an increasing trend with distance downstream. At the most upstream 

site (AE8), EC was 159.8 µS/cm, which increased to 376.5 µS/cm at AE1 (Table 3). EC at AE5, the site 

immediately downstream of DGM on Spring Creek, EC was 563.5 µS/cm and almost twice that of sites 

upstream of the mine. EC at AE3 and AE4 were back within the ANZECC range, so the high EC in Spring 

Creek at AE5 had likely been diluted by the low EC water in the upper reaches of Majors Creek.   

TDS and salinity measurements also spiked at AE5, with readings of 0.36 g/L and 0.3 ppt respectively 

(Table 3). 

During  spring 2021,  turbidity measurements at AE1 to AE6 were all 0 NTU. This appears to be 

erroneous, so these values have been discounted and are not included in Error! Reference source not 

found.. At AE7 and AE8, the turbidity was 0.65 and 1.6 NTU respectively.  

DO concentrations were within ANZECC guidelines at all impact sites. However, all three reference sites 

were outside the guideline range (AE6 and AE8 below guidelines, and AE8 above). Sites AE6 and AE8 

recorded the lowest DO% saturation of 71.3 and 68 % saturation (Table 3).  All remaining sites were 

within the ANZECC guidelines for the Spring 2021 monitoring period (Table 3).   

Alkalinity ranged between 66.5 and 112 ppm across the sites (Table 3), with the highest occurring at 

the Spring Creek reference site at AE6.  This range is much higher than last years spring which record a 

range of 39 to 56 ppm.    

Table 3: Physico-chemistry at DGM monitoring sites (average of two measurements per site) 

Parameter ANZECC 

Range 

AE1 AE2 AE3 AE4 AE5 AE6 AE7 AE8 

Temperature (ºC)  14.5 15.2 15.1 18.9 15.1 16.3 17.3 14.9 

pH 6.5-8.0 8.07 8.33 8.05 8.15 7.83 7.89 8.21 7.06 

EC (µS/cm) 30-350 376.5 371.5 286 286.5 563.5 295 163.5 159.5 

Turbidity (NTU) 2-25       0.65 1.6 

Dissolved Oxygen 

(mg/L) 

 10.6 9.4 9.4 9.3 10.0 6.8 10.7 6.6 

DO (% saturation) 90-110 107.8 96.3 96.8 102.9 102.9 71.3 114.5 68 

Salinity (ppt)  0.2 0.2 0.1 0.1 0.3 0.1 0.1 0.1 

Alkalinity (ppm)  92 90.5 79.5 84 104.5 112 69.5 66.5 

TDS (g/L)  0.2 0.2 0.1 0.19 0.36 0.19 0.11 0.10 

Red text denotes variables outside of the recommended ANZECC and ARMCANZ (2000) range, while green indicates those inside 

recommended range.   
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3.3 River channel environment 

RCE scores ranged between 60% (AE6) and 90% (AE1) (Table 4).  Three sites had scores in the ‘excellent’ 

range, four sites had RCE scores of ‘very good’ amd one site had a score of ‘good’.  These results were 

similar to the previous years spring monitoring. 

AE6 (Spring Creek) had the lowest score 60%, placing it in the ‘good’ range.  This is similar to the previous 

year.  The site had deeper, longer runs but the benthic habitat continued to be silted and had few 

instream features.  The riparian zone was a mix of native and weed species such as Blackberry 

dominating the vegetation.  Surrounding land use patterns are mainly crops, pasture or pine plantation.   

AE1, AE2 and AE3 all had a RCE score in the ‘excellent’ range.  The riparian zone at these sites was well 

connected with mature native forest.  The sites had good flow at the time of survey with pools and 

riffles throughout.  The bed was stable with retention devices, including boulders and debris.  

Additionally these three sites are all downstream of the mine. 

 

Table 4. RCE Scores for sites in spring 2021 

 AE1 AE2 AE3  AE4  AE5 AE6  AE7  AE8  

Land use pattern beyond immediate riparian 

zone 

3 3 4 3 3 2 2 2 

Width of riparian strip of woody vegetation 3 3 4 3 3 2 2 2 

Completeness of strip of riparian woody 

vegetation 

3 3 4 2 1 2 2 2 

Nativeness of vegetation in riparian zone 

within 10 m of channel 

4 4 3 3 3 3 3 2 

Stream bank  4 3 3 2 2 3 2 3 

Bank undercutting 4 2 3 3 3 4 4 4 

Channel form 4 4 4 4 4 4 4 3 

Riffle/pool sequence 4 4 4 4 3 2 3 2 

Retention devices in stream 4 4 4 4 2 1 3 3 

Channel sediment accumulations 3 3 3 1 2 2 4 4 

Stream bottom 3 2 3 2 2 2 3 2 

Stream detritus 4 4 4 4 3 2 1 2 

Aquatic vegetation 4 4 3 3 3 2 3 2 

RCE Score 47 43 46 38 34 31 36 33 

RCE Score % 90.4 82.7 88.5 73.1 65.4 59.6 69.2 63.5 



Dargues Gold Mine Aquatic Ecology Monitoring - 2021 | Aurelia Metals Ltd 

© ECO LOGICAL AUSTRALIA PTY LTD 13 

3.4 Macroinvertebrate communities 

A total of 1792 invertebrates were collected during spring 2021 compared to 2162 in Spring 2020.  There 

were 43 taxa present in spring 2021 and 47 in spring 2020 (Appendix B).  Two families, Dytiscidae and 

Leptophlebidae, occurred across all sites during spring 2021.  Within this monitoring period edge 

habitats had between 16 and 17 taxa at impact sites while reference sites had between 14 to 24 taxa 

and recovery sites (AE1, AE2) had between 14 and 21 taxa. Leptophlebidae was one of the taxa with the 

highest SIGNAL score of 8 and was recorded across all sites. Gripopterygidae also had a SIGNAL score of 

8, was found at five sites downstream of the mine. 

During spring, average SIGNAL scores ranged between 3.24 at AE6 and 5.25 at AE4 (Table 5).  AE6 had 

the lowest SIGNAL score and the lowest proportion of sensitive taxa. For edge communities, SIGNAL 

scores at reference sites were 3.24-3.82, indicative of severe pollution. Of the sites downstream of the 

mine, SIGNAL score was above 4 for the 2 sites closest to DGM (so indicative of moderate disturbance) 

and below 4 for the three other sites.  Riffle sites had higher SIGNAL averages taxa than edge habitats, 

with values of 4.53 to 5.25.   

Table 5: Macroinvertebrate indices for spring 2021 

Result AE1 

 

AE2 

 

AE3 

 

AE4 
 

AE5 AE6 AE7 AE8 

 Edge Riffle Edge Riffle Edge Riffle Edge Riffle Edge Edge Edge Edge 

Total Taxa 14 17 12 14 16 10 17 12 16 23 14 24 

Average 

SIGNAL 

score 

3.36 4.53 3.83 4.71 3.56 4.70 4.12 5.25 4.25 3.24 3.64 3.82 

Proportion 

of sensitive 

taxa 

21.4 35.3 25.0 35.7 18.8 20.0 29.4 41.7 31.5 13.0 28.6 16.7 

 

As riffles were not present at any of the reference sites, only edge invertebrate communities were used 

for analysis between impact and reference sites.  There was no significant difference between 

invertebrate communities at reference sites upstream of the mine and impact sites downstream of the 

mine (Global R=0.092, P=0.30).  The community of AE5, immediately downstream of the mine, was more 

similar to those of the three upstream sites than the other four downstream sites (Figure 2). Sites AE5 

to AE8 are in a landscape historically cleared for agriculture, while the sites downstream of these are all 

in forested areas, so it appears that the surrounding landscape determines differences in the 

macroinvertebrate community. 
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Figure 2. nMDS comparison of macroinvertebrate communities at edge habitats upstream (red) and downstream (blue) of 

Dargues Gold Mine 

3.5 Stygofauna communities 

Bores 1, 4, 6, and 8 were sampled for stygofauna in and spring 2021.  None of the bores sampled had 

stygofauna.   

3.6 Fish communities 

Three species of fish were collected during the spring survey (Table 6). No fish were collected from either 

of the sites on Spring Creek, despite both sites having short-finned eels in 2020. The two reverence sites 

on Majors Creek had only one species each, but populations were in moderate to high numbers.   

 Anguilla australis (Short-finned Eel) was the most widespread, occurred at all sites except AE5, AE6 and 

AE7.  The only reference site to have short-finned eel was AE8. Galaxia olidus (Mountain gallaxid) was 

the most abundant but only occurred in three sites (AE3, AE4 and AE7).  Gobiomorphus coxii (Cox’s 

gudgeon) was only collected at AE1.  No Cox’s Gudgeon were recorded in the spring 2020 monitoring 

period (Figure 3). 

Catch rates for Short-finned Eel were highest in 2021 at AE4 with 48 fish caught per hour, however in 

the previous year 78 fish were caught per hour (Table 7).  Similar to 2020, the most common size range 

200-300 mm in spring 2021 (Figure 4).  In spring 2021 more Short-finned Eel were caught per hour within 

all size class except 400-500 mm (Figure 4).  
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Catch rates for Mountain Galaxias were highest at AE7 with 582 fish caught per hour, this is much higher 

than the previous year (Table 7).  The most common size range in spring 2021 was 40-50 mm with 71 

fish caught in this range.  The largest range captured was 50-60 mm.  Spring 2021 data indicates an 

increase in fish caught in larger size class compared to spring 2020 (Figure 5).   

 

Overall, AE7, upstream, of the mine, had the most fish captured in spring 2021 (Table 7).  Total catch 

per hour for spring 2021 across all sites was 1105 fish. This may be due to the increase in mountain 

gallaxid caught. 

 

 

 

 

 

Figure 3: Size class distribution for Cox’s Gudgeon collected in 2021 
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Figure 4: Size class distribution for Short-finned Eels collected in 2021 

 

Figure 5: Size class distribution for Mountain Gallaxid collected in 2021 
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Table 6: Catch per hour of fish collected during Spring 2020 and 2021 aquatic survey 

Scientific name Common name AE1 AE2 AE3 AE4 AE5 AE6 AE7 AE8 

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

Anguilla australis Short-finned eel 30 42 6 30 29 42 78 48 11 0 20 0 57 0 23 31.30 

Galaxias olidus Mountain gallaxid 0 0 0 0 152 72 126 234 0 0 0 0 93 582 0 0 

Gobiomorphus coxii Cox's Gudgeon 0 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total (catch per hour) 30 66 6 30 181 114 204 282 11 0 20 0 149 582 23 31 

Richness 1 2 1 1 2 2 2 2 1 0 1 0 2 1 1 1 
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4. Conclusion 

Good rainfall conditions continued through 2021, resulting in regular fluctuations in flow at all sites. 

There were no clear indications that DGM is having an impact on the aquatic ecology of Spring Creek or 

Majors Creek. An increase in EC immediately downstream of the mine at AE5 did not appear to have a 

noticeable impact on the aquatic macroinvertebrate community but may have influenced the absence 

of fish.   

Macroinvertebrate communities were similar between sites upstream of DGM and immediately 

downstream at AE5. These sites were all in land largely cleared for agriculture. Sites AE1 to AE4 are all 

in relatively well-forested areas and had an invertebrate fauna that differed from the upstream sites.  

The macroinvertebrate communities at AE4 and AE5 had the highest SIGNAL scores of edge habitats, 

indicating that there may not be an ecological impact from DGM despite higher EC at AE5.   

Macroinvertebrate taxonomic richness was higher in upstream sites than downstream ones. Last year 

there were more taxa in the upstream sites, and prior to that the number of taxa upstream and 

downstream was similar.  This year, there were more sensitive taxa downstream than upstream.  

Overall, sites remained in relatively good condition.  There were large increases in the population 

Mountain Gallaxias at AE4 and AE7, potentially as these sites had more areas sheltered from high flow.  

Sensitive macroinvertebrates with SIGNAL scores of 8 or higher were present at each site, while sites 

downstream of DGM remained in better ecological condition to sites in or above DGM.  RCE and 

physiochemistry remained similar across sites and comparative to previous survey years, despite the 

flood event.   

No stygofauna have been collected at Dargues Gold Mine for at least the past 5 years, so no further 

sampling is recommended. 

There were no longitudinal trends downstream of DGM, so operations do not appear to be having a 

significant impact on stream ecology. Instead, the main overriding impact on aquatic habitat present at 

the sites appears to be historic agricultural and mining activities.  
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Appendix A – Site Photos 

Spring 

  

    

   

AE1 upstream AE1 downstream 

AE2 upstream AE2 downstream 

AE3 upstream AE3 downstream 
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AE5 upstream AE5 downstream 

AE 6 upstream AE6 downstream 

AE4 upstream AE4 downstream 



Dargues Gold Mine Aquatic Ecology Monitoring - 2021 | Aurelia Metals Ltd 

© ECO LOGICAL AUSTRALIA PTY LTD 22 

   

   

 

 

AE7 upstream AE7 downstream 

AE8 upstream AE8 downstream 
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Appendix B  - Macroinvertebrate data spring 

Table 7: Macroinvertebrate results - spring 

Order Family Sign

al 

AE1 EDGE AE1 RIFFLE AE2 EDGE AE2 RIFFLE AE3 

EDGE 

AE3 

RIFFL

E 

AE4 EDGE AE4 RIFFLE AE5 

EDG

E 

AE6 EDGE AE7 EDGE AE8 EDGE 

Acarina Hydracarina 6         2    

Coleoptera  Carabidae 3 1            

Coleoptera  Curculionidae 2    1         

Coleoptera  Dytiscidae 2 6 2 18 1 26 7 7 15 21 3 24 12 

Coleoptera  Elmidae 7    1     1    

Coleoptera  Hydrophilidae 2 2 3 2 3 26     2  2 

Coleoptera  Psephenidae 6  1      1     

Coleoptera  Scirtidae 6 1 1 1  1  1    2 1 

Decapoda Atyidae 3     5  2    7 2 

Diptera Ceratopogonida

e 

4   2  3 1  3 3 1  4 

Diptera Chironomidae 3 8 4 11 3 6 41  58 17 10 20 17 

Diptera Culicidae 1 2 1 1        2 2 

Diptera Psychodidae 3   1          

Diptera Sciaridae 6       1      

Diptera Simuliidae 5  10  4  10 1 10 1   1 

Diptera Stratiomyidae 2          3  1 

Diptera Tipulidae 5      3  4     
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Order Family Sign

al 

AE1 EDGE AE1 RIFFLE AE2 EDGE AE2 RIFFLE AE3 

EDGE 

AE3 

RIFFL

E 

AE4 EDGE AE4 RIFFLE AE5 

EDG

E 

AE6 EDGE AE7 EDGE AE8 EDGE 

Ephermeropt

era 

Baetidae 5  26  24  8      2 

Ephermeropt

era 

Caenidae 4 23 7 23  39  10  62 5 48 13 

Ephermeropt

era 

Leptophlebidae 8 13 57 36 89 38 12 17 7 28 126 20 31 

Gastropoda Hypsogastropo

da 

1          14   

Gastropoda Physidae 1       2  13 10 6  

Gastropoda Planorbidae 2          2   

Hemiptra Corixidae 2 1  5  27  2  3 4 20 4 

Hemiptra Gelastocoridae 5          2   

Hemiptra Notonectidae 1 1    1  1   2   

Hemiptra Veliidae 3 1    1 1    2  1 

Megaloptera Corydalidae 7  2  6    2     

Odonata Aeshnidae 4       1  2 6  2 

Odonata Argiolestidae 5         1 10 6 2 

Odonata Coenagrionidae 2         3 11 4 1 

Odonata Gomphidae 5  2 2 2 1  1 1     

Odonata Odonata Sp. 3  1     2  3 3  1 

Odonata Pseudocorduliid

ae 

0          2  1 

Odonata Synthemistidae 2     1  4   2   
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Order Family Sign

al 

AE1 EDGE AE1 RIFFLE AE2 EDGE AE2 RIFFLE AE3 

EDGE 

AE3 

RIFFL

E 

AE4 EDGE AE4 RIFFLE AE5 

EDG

E 

AE6 EDGE AE7 EDGE AE8 EDGE 

Oligochaeta 2 1 1  2 3      4 8 

Ostracoda 0          2  1 

Plecoptera Gripopterygida

e 

8  8  4  12 1 6    4 

Plecoptera Notonemourida

e 

6         8 14 2 24 

Trichoptera Ecnomidae 4 2 11  29 7 19 5 20    1 

Trichoptera Hydropsychidae 6        3     

Trichoptera Leptoceridae 6 7 12 5 1 7  62  8 2 24  

Total abundance 69 149 107 170 192 114 120 130 176 238 189 138 

Number of Scored Taxa 14 17 12 14 16 10 17 12 16 23 14 24 

Average SIGNAL score 3.357142

86 

4.5294117

65 

3.833333

33 

4.7142857

14 

3.562

5 

4.7 4.117647

06 

5.25 4.25 3.238095

24 

3.642857

14 

3.818181

82 

Number of sensitive taxa 3 6 3 5 3 2 5 5 5 3 4 4 

Proportion if sensitive taxa 21.42857

14 

35.294117

65 

25 35.714285

71 

18.75 20 29.41176

47 

41.666666

67 

31.2

5 

13.04347

83 

28.57142

86 

16.66666

67 
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