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Executive summary 

The Savage River catchment has a long history of mining and a legacy of poor water quality and 
biological health in Savage River and its tributary, Main Creek. Under the Goldamere Pty Ltd 
(Agreement) Act 1996 (Goldamere Act), the Savage River Rehabilitation Project (SRRP) and associated 
Management Committee was established. The SRRP aims to promote the recovery of a modified but 
healthy ecosystem in the Savage River and lower Pieman River downstream of the mine, and to 
encourage fish migration into the upper Savage River.  

An initial bioassessment undertaken in 1995 under the mine Environmental Management Plan 
demonstrated a significantly impacted aquatic invertebrate fauna and fish community in Savage 
River up to 30 km downstream from the mine lease and in Main Creek1. Furthermore, poor water 
quality within and downstream from the mine lease was thought to be acting as a barrier to fish 
migration. Further bioassessments have subsequently been undertaken in 1997/98, 2001, 2007/08 
and 2011/12 under the SRRP. In addition, the SRRP has undertaken regular water quality monitoring 
since the mid-1990s, ecotoxicological studies in 2001/2002 and in 2018, and maintained a number of 
hydrometric flow sites within Savage River and Main Creek. 

The current mine owners (Grange Resources) and the SRRP have undertaken a number of large-scale 
remediation projects aimed at remediating acid mine drainage (AMD) and improving water quality in 
Savage River within and downstream of mine operations and in Main Creek downstream of the mine. 
These rehabilitation projects include South Lens passive AMD treatment, Broderick Creek Waste 
Rock Dump alkaline flow-through, B Dump cover, North Dump Drain and the South deposit Tailings 
Storage Facility (SDTSF).  

In 2020/21, the sixth bioassessment survey was undertaken to assess whether river health in Savage 
River and Main Creek had improved since the last survey in 2011/12. Fish and macroinvertebrate 
surveys were undertaken at similar sites using the same methods and analyses as adopted 
previously. The current bioassessment project also included an assessment of hydrological and water 
quality data collected by the SRRP, and published water quality and toxicity guidelines, to determine 
whether flows and water quality influence macroinvertebrate and fish communities in the Savage 
River system. 

Key findings from the 2020/21 bioassessment: 

Hydrology 

• Savage River retains a natural flow regime, whereas Main Creek is regulated by Main Creek 
Tailings Dam (MCTD) and the South Deposit Tailings Storage Facility (SDTSF).  

o Flows in the Savage River are unlikely to affect the biological condition or community 
composition of aquatic fauna species compared with reference rivers.  

o Regulated flows in Main Creek may not provide sufficient variation and magnitude to 
allow full recovery to reference condition even in the absence of water quality issues. In 
particular, reduced magnitude, frequency and duration of peak flows are likely to reduce 
important channel maintenance processes, such as sediment turnover, which promote a 
healthy ecosystem. Reduced high flows may also reduce cues for fish to migrate into the 
creek from Savage River.  

 

1 Note, the proper name of Main Creek is Main Rivulet; however, it is referred to as Main Creek throughout this 
report and in site naming as this is consistent with the name used by both SRRP and Grange Resources. 
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Water quality 

• The water quality in Savage River and Main Creek has improved since 1997, with the most 
significant improvement occurring over the last 10 years since the previous bioassessment in 
2011/12.  Completion of the South Deposit Tailings Storage Facility (SDTSF) underflow drain in 
2015 and filter face in 2018 has significantly reduced the concentration of a range of metals.  

o After 2016, cobalt, manganese, nickel and zinc concentrations have declined to levels 
below the ANZECC default guidelines, when they had all previously been well in excess 
of these guidelines,  

o During this period, copper and aluminium declined to concentrations which occasionally 
were lower than the ANZECC default guidelines.  

• Conductivity remains elevated in Savage River within and downstream of the mine lease, and 
within Main Creek.  

• Under current SRRP toxicity guidelines, the current water quality of Savage River and Main 
Creek is conducive to supporting fish and macroinvertebrate communities, and this is 
supported by the results of the 2020/21 bioassessment which found correlations between 
macroinvertebrates and fish and metal concentrations (e.g. more diversity in 
macroinvertebrates was associated with lower metal concentrations).  

• These water quality trends are a key driver towards improved river health and biological 
condition in Savage River and Main Creek.  

River health and macroinvertebrates 

• The improvement in water quality (and associated decreased ecotoxicity) has resulted in an 
improvement in river health scores, particularly in riffle habitats, in Savage River as 
demonstrated by:  

o Moderate increase in river health in riffle and edgewater habitats of Savage River since 
the 2011/12 survey.  

o Partial shift in macroinvertebrate community composition to closer resemble control 
and reference sites with an increase in macroinvertebrate productivity (total 
abundance), abundance of pollution sensitive taxa (EPT abundance), and 
macroinvertebrate diversity in 2020/21.  

• The effect of the SDTSF is demonstrated by the marked improvement in the 2020/21 
macroinvertebrate community in the Main Creek riffle habitat downstream from the SDTSF.  

o River health scores and quantitative data have previously shown the macroinvertebrate 
communities in riffle habitat in Main Creek to be severely degraded, whereas in 2020/21 
these indicators showed a significant improvement and a shift to resemble reference 
site condition. 

o The same improvement was not seen in the edgewater river health scores in Main 
Creek, with one site showing a decline in river health scores compared to 2011/12. 

• The largest improvement in river health scores for the Savage River site group occurred 
between 2007/08 and 2011/12, most likely due to the South Lens, B Dump cover, Broderick 
Creek Waste Rock Dump and North Dump Drain remediation works improving water quality in 
the Savage River between these survey periods. 

o This trend continued in 2020/21, especially within edgewater habitat, with river health 
scores for most sites being equivalent to reference condition in 2020/21. 
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o Abundance of EPT in Savage River has become more like reference site condition since 
2011/12. 

• Longitudinal patterns are evident in the Savage River macroinvertebrate metrics as the river 
flows through the mine site and downstream through the catchment. 

o The results from 2020/21indicate that recovery of macroinvertebrate abundance and 
diversity downstream of the mine in the mid-reaches of Savage River has continued 
since 2011/12, but further surveys are required to confirm this. 

• Elevated electrical conductivity in Savage River and Main Creek may influence further recovery 
towards reference condition. 

• The freshwater crayfish (Astacopsis tricornis) was detected in Main Creek for the first time 
since monitoring began, providing further evidence that the biological health of Main Creek is 
recovering.  This crayfish species has previously been recorded in the Savage River (site D2) in 
2008. 

Fish and barriers 

• The fish community in the Savage River system has remained similar over the course of the 
SRRP and is similar in composition to the nearby reference rivers.  

o During 2020/21, fish abundance at the Savage River sites within and downstream of the 
mine lease was found to have increased; although, this was largely due to greater 
numbers of introduced brown trout at sites within the mine lease. 

o The abundance of native fish was higher than in previous years at the site furthest 
downstream from the mine lease. 

• Key factors that determine the distribution of fish in Savage River and Main Creek include the 
influence of catchment position and the presence of introduced brown trout, and this is 
reflected in the fish monitoring results for 2020/21. 

o Several fish species recorded at sites in the lower reaches of the rivers surveyed have 
habitat preferences that naturally restrict their distributions to these areas. 

o Introduced brown trout may displace native fish or dominate the local abundance by 
outcompeting for habitat space and directly predating on the native fish, particularly at 
sites in the upper catchment of the Savage River and reference rivers. Brown trout are 
present in the catchments of Savage River and all of the reference rivers. 

• No fish have been recorded in Main Creek over the course of the SRRP, but the reasons for this 
are unclear. 

o Flow regulation is likely to influence the suitability of fish habitat in Main Creek. 

o Following the completion of the SDTSF, an ecotoxicology assessment suggests that 
water quality collected from Main Creek is unlikely to be toxic to fish. In addition, there 
has been substantial improvements in the abundance and diversity of 
macroinvertebrate communities in the creek, which would provide as prey for fish.  

o It is possible that fish are present in Main Creek but are in low abundance and were not 
detected during the 2020/21 survey.  

o Fish may also be absent due to: 1) poor water quality, which even if not toxic, could act 
as a behavioural deterrent, 2) a lack of high flow cues to attract fish into Main Creek 
from Savage River, and 3) the presence of instream barriers that prevent their migration 
into Main Creek, particularly as native species with climbing ability appear to be in low 
abundance in Savage River.  
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• Further studies are required to investigate the impact of instream barriers on fish movements 
(especially in Main Creek). 

Key recommendations based on this assessment: 

• Review the purpose and design of the bioassessments (monitoring priorities, monitoring 
frequency, targets, locations and statistical analyses, etc.): As the SRRP has been running for 
over 20 years and recent bioassessments have indicated improvements in both fish and 
macroinvertebrate communities as a result of rehabilitation projects, it may be time to review 
the project’s monitoring program, including its focus and priorities. 

• Increased sampling frequency: Surveys should be undertaken at a minimum of every three 
years to increase the likelihood of detecting changes in communities, in particular fish. 

• Increase site replication and methods used to detect fish: Increasing sampling replication and 
fishing effort and using alternative methods such as environmental DNA (eDNA) would 
increase confidence in the ability of the project to assess diversity and relative abundance.  

• Sampling additional sites in the Savage River: To further understand why the improvement in 
biological condition at site D2 is lagging behind other sites in Savage River, additional surveys 
(water quality, macroinvertebrates and fish) at B1 and D1a and a new site immediately 
downstream from the Crusher Gully AMD seep is recommended to assess ongoing impacts of 
mine operation and their influence on the biological condition at site D2. 

• Re-establishing a helicopter landing area site D4: The feasibility of re-establishing a helicopter 
landing area at site D4 should be investigated so this long-term sampling site is more 
accessible in future. This site is more representative of fish habitats in the lower Savage River 
than the alternative location accessible upstream in 2020/21 (site D4a). 

• Additional surveys: Additional surveys would assist in understanding the impacts of other 
factors on fish and macroinvertebrate communities. Recommendations have been made for 
surveys of in-situ continuous water quality monitoring, sediment loads, metal toxicity in 
sediments and fish barriers. A recommendation has also been made to include fish surveys of 
tributary streams to see if they act as refuges for native species and to investigate if there are 
differences in algal production/biomass which may influence patterns in macroinvertebrate 
communities between sites. In addition, it is recommended that bioassessment surveys are 
undertaken following large-scale catchment events to understand the impact of such events 
(e.g. drought, floods, bush fires, planned or unplanned changes in tailing discharge) on fish and 
macroinvertebrate communities.  

• Additional macroinvertebrate analysis: To increase interpretation of river health condition, the 
AusRivAS data could be analysed with the rank abundance models in addition to the presence 
absence models. In addition, seasonal patterns could be better understood by running the 
spring and autumn AusRivAS models for future surveys and potentially on past surveys. It is 
recommended that future bioassessments use new analytical methods (such as linear mixed-
effects models) to improve the rigour of the analysis 
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Acronyms for mine and sampling sites  

BCbWRD Broderick Creek below Waste Rock Dump 

C1 Savage River approx.8.8 km upstream of eastern mine bridge 

C2 Savage River approx. 8.8 km upstream of eastern mine bridge 

D1 Savage River at Pump Station 

D2 Savage River 600 m downstream of Broderick Creek 

D3 Savage River below South-West Rock Dump 

D4a Savage River 2 km downstream of Main Creek confluence 

D5 Savage River at Smithton Road2  

Dn1 Donaldson River at Norfolk Road  

H1 Heazlewood River at Waratah Road 

M3 Main Creek 10 km downstream of the Main Creek Tailings Dam 

M3a Main Creek 6 km downstream of the Main Creek Tailings Dam 

MCbSD Main Creek below South Deposit (equivalent to M3a) 

MCTD Main Creek Tailings Dam  

SDTSF South Deposit Tailings Storage Facility 

SLO South Lens Outflow 

SRaBB Savage River at Battys Bend (equivalent to D4a) 

SRaOTD Savage River above Old Tailings Dam 

SRaPS Savage River at Pump Station (equivalent to D1) 

SRaSR Savage River at Smithton Road (equivalent to D5) 

SRbSWRD Savage River below South-West Rock Dump (equivalent to D3) 

W1 Whyte River at Waratah Road 

W2 Whyte River at HEC gauging station 

W3 Whyte River 2 km upstream of Pieman River 

 

2 Note, the correct name of this road is Norfolk Road; however, Smithton Road is used in the naming of D5 and 
SRaSR to maintain consistency with previous SRRP reporting. 
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1. Introduction 

The Savage River catchment on the west coast of Tasmania has a long history of mining. Gold mining 
occurred within Main Creek3 catchment (part of the Savage River catchment) between 1870 and 
1920. In 1967, open cut mining for magnetite ore began in the Savage River catchment including 
Main Creek. Acid mine drainage (AMD) has had a significant impact on the Savage River and Main 
Creek aquatic environment during the first 30 years of operation of the magnetite mine (EPA 
Tasmania 2020).  

Within the Savage River mine lease, there are a number of primary sources of legacy AMD 
contamination, including copper contamination in Main Creek and Savage River from B Dump, North 
Dump, Crusher Gully, Broderick Creek Dump and the Old Tailings Dam (EPA Tasmania 2020, 
Figure 1.1). The old Southwest Rock Dump may also be a source of historical AMD (Tony Ferguson, 
Principal Environmental Officer, Grange Resources, pers comms).   

An initial bioassessment study undertaken in 1995 under the Savage River Mine Environmental 
Management Plan, demonstrated a significantly impacted aquatic invertebrate fauna and fish 
community in Savage River up to 30 km downstream from the mine lease (Davies and Cook 1995) 
and in Main Creek (Davies and Cook 1998). Surveys in the Savage River National Park also showed 
that populations of native fish fauna had depleted in the upper Savage River as pollution emanating 
from the mine site was acting as a barrier to fish migration (EPA Tasmania 2020). 

The Goldamere Pty Ltd (Agreement) Act 1996 (Goldamere Act) established that the current owners of 
the Savage River Mine were not responsible for pollution resulting from past operations, with the 
Crown agreeing that funds received from the previous mine operator would be used to undertake 
environmental improvements and rehabilitation at the Savage River Mine and Port Latta Pelletising 
sites. As part of the Goldamere Act, the Savage River Rehabilitation Project (SRRP) and associated 
Management Committee was established with representatives from the Tasmanian Environment 
Protection Authority (EPA Tasmania), Department of Natural Resources and Environment Tasmania 
(NRE Tas, formerly Department of Primary Industries, Parks, Water and Environment), Mineral 
Resources Tasmania (MRT) and Grange Resources. The SRRP aims to promote the recovery of a 
modified but healthy ecosystem in the Savage River and lower Pieman River downstream of the mine 
and allow fish migration into the upper Savage River (EPA Tasmania 2020).  

Rehabilitation and remediation of the historical disturbances at the Savage River Mine, with works 
integrated with ongoing mining works where possible, is seen by the SRRP Management Committee 
as being key to achieving the aims of the SRRP. Since establishment of the SRRP, several major 
remediation works have been undertaken to address sources of legacy contamination (Sarah 
Graham, Savage River Rehabilitation Project Manager, EPA Tasmania and Tony Ferguson, pers 
comms), including (Figure 1.1): 

• South Lens (ongoing) - Passively treating AMD from various sources within the Savage River 
mine lease including other mine pits, historic seeps from Broderick Creek Waste Rock Dump, 
North Dump Drain, machinery washing water and general mine drainage. These sources of 

 

3 Note, the proper name of Main Creek is Main Rivulet; however, it is referred to as Main Creek throughout this 
report and in site naming as this is consistent with the name used by both SRRP and Grange Resources.  
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AMD are diverted into the South Lens 60 m deep disused mine pit for treatment (EPA 
Tasmania 2020; inset, Figure 1.1). Alkaline water from North Pit, magnetite deposits in South 
Lens and the Broderick Creek Dump flow-through are used to treat AMD in South Lens 
(Figure 1.1). Sediment within South Lens settles naturally, and colloidal sediment is generally 
low. Treated water from South Lens is tested for dissolved oxygen and hydrocarbons and 
discharged into Savage River via the spillway. 

• Broderick Creek Waste Rock Dump (2001-2008) - Separating acid-producing rock from the 
natural catchment flow by using coarse, alkaline rock in Broderick Creek, underneath the 
Broderick Creek Dump. The coarse rock is covered with a compacted clay cover and waste 
spoil is then dumped on top of the clay cover. The mine waste historically dumped along the 
Broderick Creek valley margins was prone to eroding into the watercourse. This historical 
waste has also been encapsulated in the compacted clay cover and stabilised. The Broderick 
Creek flow-through cover was completed in 2001. In the following years, an additional flow-
through dump was constructed approximately 500 m upstream and extended further north up 
the Broderick Creek catchment. In 2008, the area between the two flow-through dumps was 
filled and additional AMD was diverted to South Lens.  

• B Dump cover (2006) - Building a water-shedding cover to reduce rainwater infiltration and 
divert water away from acid-producing rock and alkaline side-hill cover using waste alkaline 
rock at B Dump to improve water quality discharge in Main Creek. These measures were 
completed in 2006. 

• North Dump Drain (2007-08) - Diverting AMD seeps from the historic North Dump into South 
Lens via the North Dump Drain. The North Dump historically contributed a high proportion of 
AMD and 15% of the total copper load from the mine site into Savage River as the North Dump 
was not historically capped with an impervious clay layer when it was decommissioned. The 
North Dump drain was completed in 2007; however, a large flood in 2007 destroyed the drain, 
which was then rebuilt in 2008. 

• South Deposit Tailings Storage Facility (2015-16) - Completing the South Deposit Tailings 
Storage Facility (SDTSF) underflow drain in 2015 and completing the filter face in 2018, which 
has the dual purpose of providing a mine waste dump from the South Deposit mine pit and to 
capture water from B Dump and the Old Tailings Dam. The SDTSF filter face further treats AMD 
water before entering Main Creek (EPA Tasmania 2013). The SDTSF transects Main Creek and 
treats water in two ways: 

o The upstream filter face filters water through a coarse, alkaline rock flow-through. The 
SDTSF is designed with multiple-level filter offtakes (five levels of coarse rock). As the 
lower filter becomes impervious over time, a water body forms upstream and raises the 
water level in Main Creek up to the next filter. It is anticipated that the filters will 
operate for 15 to 20 years before the SDTSF filter become impervious and the facility 
operates like a traditional tailings dam. 

o As a water body forms upstream from the SDTSF, the water body will passively treat 
AMD from B Dump and the Main Creek Tailings Dam. Future upgrades to the SDTSF 
include the installation of a spillway and increasing the height of the SDTSF by 30 m to 
increase the operational life of the SDTSF.    
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Figure 1.1: Savage River Mine site showing the location of site features  
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• The Old Tailings Dam continues to be a source of AMD in Savage River during high rainfall 
events when the dam spills and also from dam wall seepage (via a collection bund at the base 
of the dam which is diverted around the Main Creek Tailings Dam (MCTD; Figure 1.1)). The 
dam wall seepage AMD is diverted around the Main Creek Tailings Dam into a collection bund 
because it would impact the closure plan for this tailings dam if it was allowed to flow into the 
dam.  

• Crusher Gully also continues to be a source of AMD in the Savage River via a seep upstream 
from the South Lens Outlet (Figure 1.1). Previous attempts were made to actively pump the 
AMD from Crusher Gully via a trench and pump system adjacent to Savage River; however, the 
trench was destroyed during previous flood events.  

In order to assess the achievements of the rehabilitation works, environmental monitoring was 
established by the SRRP, including the bioassessment project in 1996. Early monitoring phases of the 
SRRP including the study by Davies and Cook (1995) identified the following key aquatic values and 
associated targets (EPA Tasmania 2020):  

• A sustainable population of native fish species, including spotted galaxias (Galaxias truttaceus) 
and climbing galaxias (G. brevipinnis), pouched lamprey (Geotria australis) and sandy 
(Pseudaphritis urvillii) within the Savage and lower Pieman rivers. 

• A benthic macroinvertebrate community in Savage River with a higher abundance, diversity 
and more natural taxonomic composition than currently exists. 

• A diverse algal and macrophyte community in the lower Pieman River. 

Despite the first and third of these aims including the lower Pieman River, sites in the lower Pieman 
River have never been surveyed under the SRRP bioassessments. This is because it is assumed that 
improvements in biological condition in the Savage River will reduce the impact of the mine on the 
lower Pieman River, with subsequent benefits to aquatic communities. 

Under the SRRPs current strategic plan for 2020-23 (EPA Tasmania 2020), the following key 
bioassessment priorities were identified: 

• Assess the biological health of Main Creek, Broderick Creek, and upper and lower Savage River 
in comparison to control/reference sites and previous biological surveys 

• Review past bioassessment data with regard to the current copper/alkalinity-based monitoring 
targets, Biotic Ligand Models (BLMs) and metals speciation models. 

1.1 Previous surveys 

Since the initial 1995 survey (Davies and Cook 1995), bioassessment surveys have been undertaken 
approximately every 5 to 9 years in 1997/98, 2001, 2007/08, 2011/12 and 2020/21 (current report). 
Site selection has varied from survey to survey due to the expansion of the Savage River mine site 
and high flow conditions affecting site access from time to time.  

The bioassessment surveys in 1995 and 1997/98 focused on AusRivAS assessments and evaluating 
methods for undertaking quantitative assessment of the macroinvertebrate and fish communities. 
Since 2001, the bioassessment surveys have consisted of assessing river health using the AusRivAS 
method and biological condition of the macroinvertebrate and fish communities in Savage River and 
Main Creek at sites affected by the mine as well as upstream control sites in Savage River and Main 
Creek and at nearby reference sites in unimpacted catchments. A full description of previous 
bioassessment surveys is provided in DPIPWE (2012) and includes: 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 5 

• Applying the Tasmanian AusRivAS protocols in autumn 1995. 

• Repeating the 1995 survey to include spring and autumn in 1997/98. The sample residue 
collected using the Tasmanian AusRivAS protocols were also processed and analysed using 
quantitative methods. The 1997/98 study recommended the use of quantitative Surber 
samples in future bioassessment projects. Main Creek test and control sites were also 
surveyed for the first time. 

• Undertaking both Tasmanian AusRivAS and quantitative surveys in spring and autumn 2001. In 
addition, semi-quantitative fish surveys were undertaken for the first time, although the Main 
Creek control site was not surveyed as this site is now inundated by Main Creek Tailings Dam. 

• Repeating the 2001 survey using the same methods in 2007/08. 

• Undertaking a spring 2007 survey of Main Creek in January 2008; however, the reason for this 
is not clear from previous reports. 

• Repeating the 2001 and 2007/08 surveys in 2011/12, which included the addition of a new 
reference site and additional test sites in Savage River and Main Creek. 

• In addition, ecotoxicology studies have been undertaken by Davies et al. (2001), Erikson (2002) 
and Hydrobiology (2018), and water quality reviews by Koehnken (2005, 2007, 2009 and 2014) 
and EPA Tasmania (2016). 

1.2 Aims 

In the eight years since the last SRRP survey in 2011/12, SDTSF remediation works designed to 
significantly improve water quality downstream of the mine have been completed. In 2020/21, the 
sixth bioassessment survey was undertaken to assess whether river health in Savage River and Main 
Creek had improved since the last survey in 2011/12. The current bioassessment project also 
included an assessment of hydrological and water quality data collected by the SRRP, and published 
water quality and toxicity guidelines. More specifically, this project aims to: 

1. Determine if the abundance and diversity of the benthic macroinvertebrate community in 
2020/21 (as an indicator of river health) is stable or improving within the Savage River and 
Main Creek catchments within and downstream of the Savage River mine lease. 

2. Determine if a sustainable fish community (i.e. diversity and abundance) is stable or improving 
within the Savage River catchment downstream of the mine lease. 

3. Assess whether key flow, water quality and ecotoxicology characteristics of the Savage River 
catchment support stable or improving fish and macroinvertebrate bio-indicators.  

4. Provide recommendations to assist the SRRP committee make planning decisions relating to 
the future of the SRRP.     

1.3 Site nomenclature 

Site naming in this report has been kept consistent with previous SRRP reporting and reflects the use 
of informal names for sites that have applied over the duration of SRRP and the life of the Savage 
River mine. Consequently, inconsistencies exist between informal site names, abbreviations and 
formal geographic names as shown on topographic maps.  Examples include the use of: 

• Main Creek instead of Main Rivulet. 

• Smithton Road or Western Explorer Road instead of Norfolk Road. 
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2. Methods 

2.1 Field survey 

Field surveys were undertaken in spring 2020 and autumn 2021 at 14 sites in the Savage, 
Heazlewood, Whyte and Donaldson river catchments (Figure 2.1, Figure 2.2, Table 2.1). Sites were 
selected by the SRRP from historical sites and represent differing catchment location (upstream, 
within and downstream of the mine lease), elevation and catchment setting (Table 2.1, Figure 2.3). 
Appendix A (Table A.1) provides a list of all bioassessment survey sites and when they have been 
sampled. Of the 14 sites sampled as part of the 2020/21 bioassessment project: 

• Seven sites have been sampled on all previous occasions (D1, D2, D3, D5, C1, C2, W1). 

• Three sites have been sampled on the majority of occasions, with sites M3, H1 and W2 not 
included in the very early bioassessment surveys. 

• Three sites were first sampled in 2011/12 (B1, M3a, Dn1). 

• One sites (W3) was sampled in 1998 and 2001, but not in 2011/12. 

• One site (D4a) is a new site due to issues accessing D4, which has been sampled on all previous 
occasions (see below). Note, this site could not be accessed in autumn 2021 due to persistent 
high flows and poor helicopter flying conditions, and thus was only sampled in spring 2020. 

A number of sites that were surveyed in previous bioassessments (Appendix A Table A.1) were not 
surveyed in 2020 and 2021 due to issues associated with site access, namely: 

• Test site D4 (Savage River downstream from the mining lease and the confluence with Main 
Creek) could not be accessed by helicopter due to vegetation overhanging the cobble bar used 
for landing. An alternative landing site was established at site D4a, which is ~ 5 km upstream 
from D4 (and ~ 3 km downstream from the SRRP water quality site, SRaBB).  

• Test site D5 (most downstream site on the Savage River downstream from the mining lease) 
could not be surveyed for fish in autumn 2021 due to persistent high flows. 

• Reference site W3 (most downstream reference site in the Whyte River) could not be surveyed 
for fish in autumn 2021 due to persistent high flows. 

• Test site M2 (Main Creek) could not be accessed due to the construction of the STDSF and 
inundation of Main Creek upstream from the STDSF.  
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Figure 2.1: Bioassessment sites sampled in Savage River, Main Creek and nearby catchments in 
2020/21 and historical bioassessment sites that were not re-sampled during 2020/21 
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Figure 2.2: Bioassessment sites sampled in Savage River and Main Creek within the mine lease in 
2020/21 showing the mine site features and tailings dams that influence these sites   
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Table 2.1: Biological sites surveyed in 2020/21 

Site 
code 

Site name  
(Equivalent or 
nearest SRRP) 

Site type 
Elevation 
(mASL) 

Hydrology Catchment setting 
Site photo 
(Appendix B) 

Description 

Savage River 

D1 
Savage River at 
Pump Station 
(SRaPS) 

Test 112 

Natural 
flow regime 

Upper catchment, 
steep, cobble and 
pebble dominated 
with smaller upstream 
catchment watershed. 

Figure B.1 

Located within the mine lease and impacted by 
historical discharge from the Old Tailings Dam 
via the north slot spillway during wet periods 
when the Old Tailings Dam spills. 

Equivalent to water quality site SRaPS. 

Equivalent to hydrometric site 2032.1. 

D2 

Savage River 600 m 
downstream of 
Broderick Creek 

(BCbWRD and SLO) 

Test 106 Figure B.2 

Located within the mine lease and impacted by 
historical discharge from the Old Tailings Dam 
as per D1, Centre Pit North, Broderick Creek 
Waste Rock Dump and AMD seepage from 
Crusher Gully. Centre Pit North is a collection 
pond which channels water to South Lens 
Treatment Pit, whilst the Broderick Creek flow 
through drain carries water from above North 
Pit to the Savage River passing through a 
permeable alkaline rock that is separated from 
waste rock by clay encapsulation. 

A small tributary with a catchment area of 
0.48km2 contributes to dilution at site D2. 

The water quality sites BCbWRD and SLO are 
located approximately 600 m and 1 km 
upstream respectively. 
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Site 
code 

Site name  
(Equivalent or 
nearest SRRP) 

Site type 
Elevation 
(mASL) 

Hydrology Catchment setting 
Site photo 
(Appendix B) 

Description 

D3 

Savage River below 
South-West Rock 
Dump 

(SRbSWRD) 

Test 93 Figure B.3 

Located within the mine lease and impacted by 
historical discharge in the same manner as site 
D2. 

A number of small tributaries with a combined 
catchment area of ~0.32 km2 contributes to 
dilution of mine water discharge. 

Equivalent to water quality site SRbSWRD. 

Equivalent to hydrometrics site 2031.1. 

D4a 

Savage River 2 km 
downstream of 
Main Creek 
confluence 

(SRaBB) 

Test 45 

Middle catchment, 
with a larger upstream 
catchment watershed. 
Similar physical 
character to sites D1, 
D2 and D3. 

Figure B.4 

Located downstream from the mine lease and 
the confluence with Main Creek. Site D4a 
represents the middle Savage River catchment. 
This site is also influenced by natural 
catchment flow pickup from Bowry Creek and 
other inflows from the western side of the 
catchment, including Longback Creek. 

Equivalent to water quality site SRaBB, which is 
located ~1 km upstream. 

D5 

Savage River at 
Smithton Road4  

(SRaSR) 

Test 1 

Lower catchment, low 
relief, sand dominated 
with larger upstream 
catchment watershed. 

Figure B.5 

Located downstream from the mine lease and 
D4a and represents the lower Savage River 
catchment. 

In addition to tributary inflows upstream from 
site D4a, this site is also influenced by 
additional natural catchment flow pickup from 
numerous tributaries from the eastern and 
western side of the catchment, including 
Timbs Creek, Doodie Creek and Guthrie Creek. 

Equivalent to water quality site SRaSR. 

 
4 Note, the correct name of this road is Norfolk Road; however, Smithton Road is used in the naming of D5 and SRaSR to maintain consistency with previous SRRP 
reporting 
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Site 
code 

Site name  
(Equivalent or 
nearest SRRP) 

Site type 
Elevation 
(mASL) 

Hydrology Catchment setting 
Site photo 
(Appendix B) 

Description 

Main Creek 

M3a 

Main Creek 6 km 
downstream of the 
Main Creek Tailings 
Dam 

(MCbSD) 

Test 147 

Regulated 
by the 
SDTSF 

Middle catchment 
tributary with a small 
catchment area. 
Altered sediment 
dynamics due to 
damming and passive 
flow regulation 
upstream. Steep slope, 
cobble and pebble 
dominated. 

Figure B.6 

Located within the mine lease and the Long 
Plains exploration area, and immediately 
downstream from the SDTSF. This site 
represents the downstream extent of mine 
operations impact in Main Creek. 

Equivalent to water quality site MCbSD. 

M3 

Main Creek 10 km 
downstream of the 
Main Creek Tailings 
Dam 

Test 98 Figure B.7 

Located within the Long Plains exploration 
area and located 4 km downstream from the 
SDTSF. 

A number of small tributaries with a combined 
catchment area of ~4.3 km2 contribute to 
dilution of mine water discharge. 

Control  

C1 

Savage River 8.8 km 
upstream of 
eastern mine bridge 

(SRaOTD) 

Control 
(Univariate pair 
with Dn1) 

162 

Natural 
flow regime 

Upper catchment, 
steep, cobble and 
pebble dominated 
with smaller upstream 
catchment watershed. 

Figure B.8 
The two Savage River control sites are located 
upstream from the mine lease. These two sites 
are approximately 100 m apart and are not 
impacted by mining activity. 

C2 

Savage River 8.8 km 
upstream of 
eastern mine bridge 

(SRaOTD) 

Control 
(Univariate pair 
with H1) 

162 Figure B.9 
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Site 
code 

Site name  
(Equivalent or 
nearest SRRP) 

Site type 
Elevation 
(mASL) 

Hydrology Catchment setting 
Site photo 
(Appendix B) 

Description 

Reference 

Dn1 
Donaldson River at 
Norfolk Road 

Reference  175 

Natural 
flow regime 

Upper catchment, 
steep, cobble and 
pebble dominated 
with smaller upstream 
catchment watershed. 

Figure B.10 

Reference sites located outside the mine site 
and influence of mining activities. These 
reference sites represent pristine sites to 
compare with the test and control sites in 
Savage River and Main Creek. 

H1 
Heazlewood River 
at Waratah Road 

Reference 
(Univariate pair 
with M3) 

207 Figure B.11 

W1 
Whyte River at 
Waratah Road 

Reference 
(Univariate pair 
with M3a and 
D1) 

312 Figure B.12 

W2 
Whyte River at HEC 
gauging station 

Reference 
(Univariate pair 
with D3) 

28 

Middle catchment, 
with similar physical 
characters and a larger 
upstream catchment 
watershed. 

Figure B.13 

W3 
Whyte River 2.6 km 
upstream of 
Pieman River 

Reference 
(Univariate pair 
with D3) 

3 

Lower catchment, low 
relief, sand dominated 
with larger upstream 
catchment watershed. 

Figure B.14 
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Figure 2.3: Elevation profile of the Savage River, Main Creek and reference sites based on the 
distance upstream from the confluence with the Pieman River  

2.1.1 Macroinvertebrate community 

At each site, the benthic aquatic macroinvertebrate community was surveyed using a number of 
standard techniques, including: 

• Rapid bioassessment survey for river health according to the Tasmanian AusRivAS (Australian 
Rivers Assessment System) protocols (ausrivas.ewater.org.au), which involves collecting one 
sample from riffle habitat and one sample from edgewater habitat. Each sample was live 
picked onsite for a minimum of 30 minutes and preserved in 70% ethanol. 

• Collecting ten pooled quantitative Surber samples from riffle habitat using a standard Surber 
net frame quadrat (0.18 m2), representing a total area of 1.8 m2. Each sample was stored in 
95% ethanol. 

2.1.2 Fish community 

At each site, a fish survey was undertaken using a Smith-Root LR-20B and LR-24 backpack 
electrofisher (duty time using the 20-min CPUE method) within wadable areas of each site. All fish 
caught were identified, counted, measured, and then released back into the river at the site. All fish 
were caught and handled under: 

• Inland Fisheries Act 1995 exemption permit (No. 2020-40)  

• Animal Welfare Act 1993 animal research licence and animal research approval certificate 
(Animal Ethics Committee project no 1/2018-19).  

https://ausrivas.ewater.org.au/
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Electrofishing efficiency can be affected by conductivities which are very low or very high. Smith-Root 
state an effective conductivity range of 20 to 2,000 µS/cm for electrofishing surveys (Smith-Root 
2020). Within this range, sufficient electrical current can flow at reasonable voltages and realistic 
power levels to allow successful electrofishing (Smith-Root 2020). The range of conductivities during 
the spring 2020 and autumn 2021 surveys were well within effective conductivity ranges for 
electrofishing (Savage River site group: 66 to 585 µs/cm; Main Creek site group: 620 to 1118 µs/cm, 
Reference site group: 72 – 108 µs/cm).  

Based on the conductivity reading at each site, operators checked, and where necessary adjusted, 
the settings on the backpack units (duty cycle, frequency and voltage) to ensure suitability of the 
unit’s settings to the site-specific conditions. Further refinement of the unit’s settings can be made 
based on the reactions of fish and their recovery time when captured; however, this is not usually 
required.  

2.1.3 Aquatic habitat 

A modified version of the standard Tasmanian AusRivAS proforma field datasheet was used to 
characterise habitat at each site including substrate composition, flow habitat types, riparian and 
bank condition, stream width, water depth, large woody debris, aquatic plants, sediment character, 
fish passage and general site observations. The habitat proforma included relevant habitat and 
riparian variables required for the Tasmanian AusRivAS models (Appendix C, Table C.2 to Table C.5. 
Canopy cover was measured in autumn 2021 using a Spherical Densiometer for a more accurate 
estimate of overhanging vegetation. Estimated canopy cover was similar in spring 2020 and autumn 
2021; therefore, the Spherical Densiometer estimate represented the period of the current 
bioassessment survey. 

2.1.4 Physico-chemical field measurements  

At each site, field measurements of standard physico-chemical water quality parameters (i.e. 
temperature, conductivity, turbidity and dissolved oxygen and pH) were collected using handheld 
water quality meters, which include a Hach 2100P turbidity meter and WTW Multi 3320 meter 
(temperature, conductivity, pH and dissolved oxygen). A field measurement of alkalinity was 
collected at each reference site in autumn 2021 using a YSI9500 photometer to provide a reference 
baseline to compare with the Savage River and Main Creek sites within and downstream from the 
mine lease, where alkalinity is routinely collected by EPA Tasmania and analysed in a laboratory. 

2.1.5 AusRivAS live-picked samples 

Taxa collected in the rapid bioassessment live-picked samples were identified using stereo 
microscopy to the family and sub-family level required for the Tasmanian AusRivAS models.  

2.1.6 Quantitative Surber samples 

Taxa collected in the Surber samples were identified using stereo microscopy to the family and sub-
family level required for quantitative statistical analysis, which is consistent with DPIPWE (2012) and 
previous bioassessment sampling events.  

https://ausrivas.ewater.org.au/index.php/resources2/category/23-datasheets
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Each Surber sample was: 

• sub-sampled to 20% using a Marchant Box sub-sampler, representing a quadrat area of 
0.36 m2 (Marchant 1989) 

• floated in a calcium carbonate solution to separate inorganic and organic fractions if required 

• picked to remove all macroinvertebrates from the inorganic and organic fractions. 

2.2 Data analysis 

2.2.1 Available datasets 

Input datasets for the analysis were sourced from EPA Tasmania, NRE Tas, previous reports and the 
2020/21 bioassessment, and include: 

• Map-based variables from the Conservation of Freshwater Ecosystem Values (CFEV) project 
database (CFEV 2005, DPIW 2008, Table C.1). 

• AusRivAS habitat data from the 2020/21 bioassessment surveys (Table C.2 to Table C.5) and 
2011/12 from the NRE Tas River Health Monitoring Program (RHMP) database. Habitat data 
for 2001 and 2007/08 was not available. 

• AusRivAS live-pick taxa data from the 2020/21 bioassessment surveys from the riffle habitat 
(TableE.1 and Table E.2) and the edgewater habitat (Table E.3 and Table E.4). 

• Quantitative Surber sampler taxa data from the 2020/21 bioassessment surveys (Table E.5 and 
Table E.6) and previous bioassessment surveys for sites and season shown in Appendix A from 
2001 onwards (Table A.1). 

• Fish survey data from the 2020/21 bioassessment surveys (Table G.1) and previous 
bioassessment surveys for sites and season shown in Appendix A from 2001 onwards (Table 
A.1). 

• AusRivAS model outputs from the 2020/21 bioassessment surveys and previous bioassessment 
reports (Davies and Cook 1995, Davies and Cook 1998, Davies and Cook 2002, Davies et al. 
2008 and DPIPWE 2012). 

• SRRP monthly water quality data from key water quality sites corresponding with 
bioassessment sites (physico-chemical, metals and nutrients; Table 2.2, Figure 2.4, Figure 2.5). 

• SRRP hydrometric flow data from the Ajenti database management system (ADMS; Table 2.3, 
Figure 2.4, Figure 2.5).    
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Table 2.2: SRRP water quality sites included in the 2020/21 bioassessment  

Site code Name Location  Period of 
analysis 

Equivalent 
bioassessment site 

SRaPS Savage River at Pump Station 350499 E 

5406951 N 

January 2010 
– June 2021 

D1 

SLO South Lens Outflow 349975 E 

5406394 N 

Compared 
with 
SRbSWRD 
during 
analysis 

~1 km upstream of D2 

BCbWRD Broderick Creek below Waste 
Rock Dump 

349724 E 

5406573 N 

Compared 
with 
SRbSWRD 
during 
analysis 

~600 m upstream of 
D2 

SRbSWRD Savage River below South-West 
Rock Dump 

348624 E 

5404466 N 

January 2010 
– June 2021 

D3 

SRaBB Savage River at Battys Bend 344611 E 

5397428 N 

Not 
considered 
due to short 
period of 
available 
data (2016-
17 collected 
specifically 
for the 
analysis in 
Hydrobiology 
2018) 

~1 km upstream of 
D4a 

SRaSR Savage River at Smithton Road  339943 E 

5389861 N 

January 2010 
– June 2021 

D5 

MCbSD Main Creek below South Deposit 348492 E 

5402289 N 

January 2010 
– June 2021 

M3a 

(M3 also compared) 
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Table 2.3: Available hydrometric data for the Savage River and Main Creek catchments 

Equivalent 
SRRP sites 

ADMS 
site  

ADMS site 
name 

Location Period of 
record 

Description 

SRaPS 
(D1) 

2032.1 Savage 
River at 
Pumping 
Station 

350462 E 

5406645 N 

January 1998 - 
January 2022 

Modelled flow data available (calibrated, catchment area scaled, water balance hydrological 
model using rainfall data). Modelled data is the same as site 2031.1 (SRbSWRD). Modelled flow 
data from this site was used in the analysis of the representative flow regime in Savage River 
within the mine lease and is indicative of the flow pattern downstream of the mine lease. 

Observed water level data recorded since 1998. Flow rating not currently available due to 
variability in hydraulic control cross-section and un-gauged pump station. Thus, rated observed 
flow data not available for this site. 

SRbSWRD 

(D3) 

2031.1 Savage 
River at 
below 
South-West 
Rock Dump 

348615 E 

5404485 N 

January 1998 - 
January 2022 

 

Site closed in 
2008 and re-
established in 
August 2020 

Modelled flow data available (calibrated, catchment area scaled, water balance hydrological 
model using rainfall data). Modelled data is the same re-scaled data from site 2032.1 (SRaPS). 

Observed water level data recorded from 1998 to 2008. Site re-established in 2020 and flow 
rating updated in 2022; however, rating poorly calibrated for high flows currently and not used 
in this assessment.  

This site not used in this bioassessment as the modelled data is the same re-scaled data from 
site 2032.1 (SRaPS) and the flow rating curve is poor.  

MCTD 2030.2 Main Creek 
below 
Tailings 
Dam 

351019 E 

5403500 N 

January 1998 - 
January 2022 

 

Site closed in 
2000 and re-
established in 
2003 

Rated flow data available based on observed water level. 

The Main Creek tailings dam outflow has moved numerous times during the period of the 
dataset. 

This site not used in this bioassessment as the Main Creek tailings dam flows directly into the 
SDTSF inundation area, whilst the bioassessment sites are downstream from the SDTSF, where 
flow is represented by site 12075.1 (MCbSD). 

MCbSD 

(M3a) 

12075.1 Main Creek 
below 
South 
Deposit 

348351 E 

5402066 N 

January 2015 - 
January 2022 

Rated flow data available based on observed water level. The rated flow data from this site was 
used in the analysis of the representative flow regime in Main Creek downstream from the 
SDTSF. 
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Figure 2.4: SRRP water quality and hydrometric sites used in the bioassessment analysis. The upper 
left inset shows the detailed relative locations of sites in the middle of the mine lease. 
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Figure 2.5: Water quality and hydrometric sites in Savage River, Main Creek within the mine lease 
that were used for the analysis showing the mine site features and tailings dams that influence these 

sites  
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2.2.2 Macroinvertebrates 

For all macroinvertebrate analyses, combined season taxa data (AusRivAS live picked and 
quantitative surber samples) were derived by summation from the spring 2020 and autumn 2021 
datasets. Available raw data for all previous monitoring years was collated with the data collected in 
2020/21. For some analyses, site data was collated into four site groups: 1) Savage River control (C1, 
C2); 2) Savage River sites within and downstream from the mine lease (referred to as the Savage 
River site group; D1 – D5); 3) Main Creek sites within and downstream from the mine lease (Main 
River site group; M3, M3a); and 4) reference (Dn1, H1, W1-W3). It should be noted that the actual 
sites included in each site group has varied over the course of the SRRP (Table 2.4) and this is likely to 
influence the results when comparing site groups across monitoring years. 

Table 2.4: Sites included within each site group from 1995 to 2020/21. Sites not surveyed in 2020/21 
are highlighted in bold 

Site group 

Included sites 

2020/2021 2011/12 2007/08 2001 1997/98 
Autumn 
1995 

Savage River 
control 

C1, C2 C1, C2, C3 

Savage River 
D1, D2, D3, D4a 
(spring 2020 
only), D5 

D1, D1a, 
D2, D3, D4, 
D5, B1 

D1, D2, D3, D4, D5 

Main Creek M3, M3a 
M2, M3, 
M3a 

M3 M3 M1, M2, M3  

Reference 
Dn1, H1, W1, 

W2, W3 
Dn1, H1, 
W1, W2 

H1, W1, W2, W3 

H1, W1; S1 and 
W1 (spring 
1997 only), W2 
and W3 
(autumn 1998 
only),  

H1, S1, W1, 
Wil1 

A combination of data exploration techniques, visualisation, and formal hypothesis testing were used 
to analyse community composition and various invertebrate metrics using single-season (autumn 
and spring) and combined season datasets. 
 
The Tasmanian AusRivAS predictive models for presence/absence of taxa were used to assess the 
biological health of Savage River and Main Creek using the qualitative macroinvertebrate data 
collected in riffle and edgewater habitats in spring 2020 and autumn 2021. For these analyses, single-
season (spring and autumn) and combined season models were used to derive an O/E 
(observed/expected) score (ausrivas.ewater.org.au). For each model, the expected taxa are 
calculated using the probability of reference group membership in the predictive models that are 
most likely to represent the monitoring site in a ‘natural’ condition based on ‘predictor’ variables (i.e. 
habitat and topographic features of the site). The O/E and O/E SIGNAL (Stream Invertebrate Grade 
Number Average Level) scores were calculated as the ratio of observed/expected values. The O/E 
scores were divided into O/E bands that describe the relative health of the river (based on 
macroinvertebrate community composition) compared to the reference streams (Krasnicki et al. 
2002, DPIPWE 2018; Appendix D).  

https://ausrivas.ewater.org.au/
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All model outputs analysed in the Tasmanian AusRivAS models satisfied the chi-square statistic that 
ensures that the group of reference sites selected within the model when compared to monitoring 
sites are statistically valid based on habitat and topographic features. 

The analysis of community composition was undertaken using the quantitative Surber data sub-
sampled to 20% and representing a riffle survey area of 0.36 m2 (i.e. Surber sampler data collected 
since 2001). Data collected in 2001 was not sub-sampled and the data provided was based on 
identifying 100% of each sample. Two methods of subsampling the 2001 data were investigated and 
included dividing each taxa value by five or using the virtual Marchant sub-sampler developed by 
Walsh (1997). The final 20% subsample data for 2001 was derived by dividing each taxa observation 
by five to ensure all species observed in 2001 were included in the analysis. 

Macroinvertebrate community composition was investigated to characterise the relative abundance 
of taxa in Savage River and Main Creek and to compare these macroinvertebrate communities with 
nearby reference sites that are in a natural, reference condition. The difference in community 
composition across sites in 2020/21 and historical data collected in 2011/12 were explored using 
multidimensional ordination plots (MDS). These plots were based on the Bray-Curtis measure of 
dissimilarity using fourth root, transformed data to increase the influence of rarer taxa. One-factor, 
non-parametric analysis of similarity (ANOSIM) tests was used to test for statistical significance 
between site groups.  

Four macroinvertebrate metrics were derived from the Surber samples for total abundance, number 
of taxa (diversity), abundance and percentage of taxa from the Ephemeroptera, Plecoptera and 
Trichoptera families (collectively referred to as EPT taxa). Along with the O/E scores from the 
AusRivAS predictive models, these were used to compare and contrast macroinvertebrate 
communities in Savage River and Main Creek test sites, the Savage River control sites and reference 
sites (Table 2.5). Percentage of EPT taxa was calculated based on taxa diversity, which is more 
sensitive to detecting improvement in the occurrence of sensitive taxa than based on taxa 
abundance which may provide a false indication of change in sensitive taxa should one EPT taxa be 
particularly abundant at a site.  

Table 2.5: Macroinvertebrate metrics and associated description 

Metrics Ecological component 

Total abundance Productivity and biomass 

EPT abundance 
Pollution sensitive taxa 

% EPT taxa 

Number of taxa Diversity 

O/E (edgewater) 

O/E (riffle) 

Community composition 

To assess differences in macroinvertebrate metrics derived from Surber samples since the previous 
bioassessment survey in 2011/12 and the completion of the SDTSF, inter-site group differences in 
invertebrate metrics between test and reference sites in 2020/21 and test sites between years were 
examined using paired t-tests on log(x+1) transformed data. A summary of all paired t-test results is 
provided in Appendix E. No adjustment was applied to account for family-wise error rates. Site 
pairing was based on several assumptions including relative position in their catchments and their 
upstream catchment area, and include a comparison of: 

• Reference sites in spring 2020 and autumn 2021. 
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• 2011/12 and 2020/21 for Savage River by site using seasonal and combined season data. The 
comparison of spring data was undertaken in two ways to explore the trade-off of: 

o increasing statistical power by including site D4 (2011/12) with site D4a (2020/21) as a 
site pair. 

o excluding sites D4 and D4a from the analysis due to their spatial separation within the 
Savage River catchment.   

• 2011/12 and 2020/21 for Main Creek by site using seasonal and combined season data. Note, 
for a balanced design, site M2 was excluded from analysis as it was not sampled in 2020/21.  

• Main Creek and two reference sites (M3a – W1, M3 – H1, seasonal and combined season). Site 
pairs were based on similar topographic and catchment position. 

• Savage River paired with reference sites (seasonal and combined season) in Whyte River based 
on catchment position and replicating the pair-wise comparison undertaken in previous 
bioassessments (D1 – W1, D3 – W2 and D5 – W3). 

Aquatic habitat  

Qualitative aquatic habitat data was explored to determine whether any of the habitat variables 
collected using the AusRivAS protocols in 2020/21 were able to explain patterns or identify 
confounding factors in macroinvertebrate community composition and the macroinvertebrate 
metrics. Combined season habitat data were derived by averaging measurements from the spring 
2020 and autumn 2021 datasets. Aquatic habitat data included in-stream habitat types (i.e. riffle, 
pool, run), water quality, substrate composition and benthic cover, water depth and width and 
riparian vegetation cover (Appendix C).   

For macroinvertebrate community composition, the difference in the aquatic habitat across sites and 
site groups in 2020/21 for spring, autumn and the combined season, quantitative macroinvertebrate 
data were explored by applying overlay vectors of log(x+1) transformed and normalised habitat data 
to visualise which habitat variables correlated (Pearson’s correlation coefficient, r >0.75) with the 
Bray-Curtis dissimilarity ordination derived for macroinvertebrate community composition. The 
relationships between the macroinvertebrate metrics and aquatic habitat were examined using 
Spearman’s correlation coefficient () on spring, autumn and the combined season dataset. Where a 
significant correlation was detected ( >0.75), a comparison between the correlated 
macroinvertebrate metric and the aquatic habitat variable was tested using pair-wise t-tests to 
determine if the relationship was significant. 

Qualitative aquatic habitat data was also analysed to explore whether the aquatic habitat in 2020/21 
was similar to 2011/12. Differences in the aquatic habitat across sites in 2020/21 and the historical 
data collected in 2011/12 were explored using multidimensional plots. The plots were based on the 
Euclidean distance measure of dissimilarity using log(x+1) transformed and normalised data. One-
factor, non-parametric ANOSIM tests were used to test for statistical significance between sampling 
years. Overlay vectors were used to visualise which habitat variables correlated (Pearson’s 
correlation coefficient, r >0.75) with the dissimilarity measure. Correlated variables were then 
further explored using pair-wise t-tests to test for whether the individual variable was significantly 
different between sampling years. 

The qualitative aquatic habitat analyses were unable to identify any variables that could provide 
additional explanatory information or confounding factors to describe patterns in community 
composition or macroinvertebrate metrics. The AusRivAS protocols collects qualitative data that is 
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prone to high variation between operators and is limited to use as predictor variables for running the 
AusRivAS models. Detailed results of the qualitative aquatic habitat analyses are provided in 
Appendix F. 

Macroinvertebrate and habitat data was manipulated and explored using Microsoft Excel. Data 
analyses were undertaken using SYSTAT v13.2 and PRIMER v6.1.18.  

2.2.3 Fish 

Fish diversity (i.e. number of fish species at each site) and relative abundance (catch-per-unit effort; 
CPUE) were derived using the raw catch data from each sampling year. Combined season fish data 
was derived by summing spring and autumn data. Relative fish abundance was standardised to 
15 min electrofisher sampling time (i.e. sampling effort).  

Patterns in fish abundance and diversity in 2020/21 were compared to the previous surveys in the 
context of catchment position and fish life histories. Paired t-tests were used to explore differences 
within sites over time (i.e. Savage River site pairs between sampling periods) but for simplicity the 
results have not been included here as the available site replication and fish data provide a low 
power to detect statistical differences with this method. Recommendations for assessing the data 
with new statistical tools (such as linear mixed-effects models) are discussed in Section 4. 

For this assessment, data for sites C1 and C2 have been combined as they are directly adjacent to 
each other and overall describe the condition and fish biodiversity of Savage River upstream of the 
mine lease.  

Data for site D4a has been included with previous data for site D4. D4a is nine km upstream of site 
D4. It is arguable that these sites are broadly representative of conditions of the middle reaches of 
the Savage River; however, further data from D4a would be required to assess if they have a similar 
fauna. The spring 2020 data may indicate that site D4a is upstream of potential fish barrier(s) which 
may exclude some of the lowland native species (Section 3.5.3). 

Previous SRRP reports have included unidentified juveniles of galaxias and lamprey in the diversity 
count even if an adult in that genus or family was recorded, which potentially artificially inflates the 
number of species recorded (i.e. it isn’t possible to know if the juvenile is the same or a different 
species as the adults recorded). In this assessment, unidentified juvenile galaxias and lamprey have 
only been included if no adults in the genus/family were recorded at that site and date. This 
approach was applied to the diversity data for the historical and 2020/12 surveys and affected the 
diversity counts on a small number of sites and dates.  

A preliminary assessment was made on potential areas of rapids or falls which may provide barriers 
to upstream fish movement (Section 3.5.2). This assessment is based on examination of contours; 
aerial imagery on public map layers; and the available digital elevation model (DEM)  

2.2.4 Hydrology 

The hydrology analysis was based on: 

• Modelled hourly flow data at ADMS site number 2032.1 in Savage River for the period 1 
January 2011 to 31 January 2022, representing recent climate conditions within the catchment 
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• Rated hourly flow based on water level data from ADMS site number 12075.1 in Main Creek 
for the period 1 January 2018 to 31 January 2022, representing the regulated flow conditions 
since the construction of the SDTSF. 

Quality and reliability of available data (Savage River) 

Since 1998, water level has been recorded at two hydrometric sites in Savage River within the mine 
lease (Table 2): 

• Savage River at Pumping Station (site 2032.1) 

• Savage River at below South-West Rock Dump (site 2031.1). 

Transforming observed water level data to flow rate at these two sites is not possible currently due 
to the lack of or limited flow rating curve. Developing a rating for site 2032.1 has not been possible 
due to the variability in the hydraulic control cross-section and an ungauged pump station extracting 
water from Savage River (Entura 2015). A rating curve was developed for site 2031.1 in 2022; 
however, this rating curve provides a poor representation of higher flows due to lacking observed 
water levels to calibrate the rating curve. As a result, observed flow data from Savage River was not 
available for this bioassessment and the hydrological analysis has been based solely on modelled 
data.  

Modelled flow data is available for site 2032.1 (and a scaled version of the same dataset for site 
2031.1). The modelled data is based on the Australian Water Balance Model (AWBM) method using 
inputs from nearby rainfall gauges and calibrated using a closed, historical flow site in the lower 
catchment located ~ 7.7 km upstream of site D5 (Savage River above Doodies Creek, Entura 2014). 

Entura (2015) assessed the performance of the model and found that confidence in the modelled 
flow to represent the magnitudes and peaks of flow is low. While the model performs better using a 
daily time-step, the 15-minute time-step is less reliable due to ‘the higher magnitudes of flows, the 
vastly increased number of data points for comparison, and the possible small scale timing errors’ 
(Entura 2015). In addition, there is evidence that low flows may be underestimated, and peak flows 
overestimated in the modelled data (Figure B.2 and Figure B.3 in Entura 2015). Given that peak flow 
events are often sub-daily in Western Tasmania, the modelled flow data was analysed using hourly 
data (aggregated using 15-minute time-steps). Despite the ‘low confidence in the model’s ability to 
represent the magnitudes and peaks of large inflows’ (Entura 2015), using the hourly time-step for 
the flow percentile analysis was deemed justified as the purpose of the analysis was to investigate 
the relative patterns in the natural flow regime (e.g. magnitude variability, duration, rates of rise and 
fall) rather than to analyse the absolute magnitude of flow.  

Quality and reliability of available data (Main Creek) 

Since 2015, water level has been recorded at two hydrometric sites in Main Creek within the mine 
lease (Table 2): 

• Main Creek below Tailings Dam (site 2030.2) 

• Main Creek below South Deposit (site 12075.1). 

Site 2030.2 represents water discharge from the MCTD into the upstream inundation area of the 
SDTSF. Flow from this site does not represent the flow regime in Main Creek downstream from the 
SDTSF where the Main Creek bioassessment sites are located. Site 12075.1 was established in 2015 
and represents the flow in Main Creek downstream from the SDTSF using a reliable rating curve 
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developed for this site using observed flow measurements. The flow at this site is seen as being more 
representative of flows at the Main Creek bioassessment sites. 

Data analysis 

The flow regime is an important determinant of habitat quality, species distribution, and biological 
community composition in rivers. Percentile analysis was undertaken on hourly data to calculate 
monthly percentile flows that represent components of the natural flow regime (i.e. 20%ile baseflow, 
50%ile median flows, 80%ile high/fresh flows and 95%ile peak flows) to characterise and understand 
the flow regime in Savage River and Main Creek. Box-and-whisker plots of hourly data for each 
month of the year were used to visualise the seasonal variability of flows in Savage River and Main 
Creek. Hourly flows for the period 1 January 2020 to 30 May 2021 in Savage River and Main Creek 
were plotted with monthly percentiles to characterise the antecedent flows and the flows that 
occurred during the 2020/21 survey to describe how flow may have affected the results of the 
bioassessment survey.  

2.2.5 Water quality and ecotoxicology 

Water quality sample data collected by SRRP was plotted for key parameters from sites that closely 
correspond to the four test sites in Savage River and Main Creek (Figure 2.5). These parameters 
included: 

• metals of potential environmental concern: aluminium, cobalt, copper, iron, manganese, nickel 
and zinc  

• water quality parameters: alkalinity, sulphate, calcium, electrical conductivity, pH and total 
suspended solids (TSS). 

The data were plotted as a time-series for the 11.5-year period between January 2010 to June 2021. 
The time period was chosen to cover a period prior to the previous bioassessment in 2011/12 and 
included the most recently available data. The data were examined visually for trends over this 
period. Where relevant, metals were compared to current default guideline values (ANZECC, 2000). 
The ANZECC (2000) default guidelines values are currently under review (Hydrobiology 2018); 
therefore, the current ANZECC (2000) default guidelines values are used here as they are currently 
freely available.   

The impact of changing water quality on macroinvertebrate metrics was examined. The aim was to 
assess whether water quality is supporting the persistence and improvement in the biological 
condition of Savage River and Main Creek. This assessment included: 

• Comparison of water quality data against current SRRP toxicity guidelines for Savage River. 
These guidelines were developed from ecotoxicological studies on fish and the daphnid 
Ceriodaphnia dubia (Davies et al 2001; Eriksen 2002). These guidelines focus on the toxicity of 
copper under varying alkalinity/calcium concentrations. 

• Examination of trends or correlations between relevant water quality (Table 2.2) and 
bioassessment data collected from 1997/98 to 2020/21.  
 
For each dissolved metal that had values which exceeded the ANZECC (2000) default 
guidelines values, the maximum and median concentrations were plotted for each sampling 
event for the 12-month period from the April prior to the spring sample to the March of the 
autumn sample. The maximum concentration was chosen to represent the maximum toxic 
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potential of a metal prior to sampling, while the median was chosen to represent the average 
persistent concentration.  
 
These were plotted against: 

o combined season macroinvertebrate data (O/E, number of taxa, EPT abundance and 
total abundance). An additional biological monitoring site was included in this analysis, 
with biometric data at site M3 in Main Creek also being plotted against metal 
concentration values from MCbSD-M3a.   

o combined season fish abundance data for the Savage River only, as there have been no 
fish caught in Main Creek.   

Data were examined for correlations in plots with fitted curves.  All metal data were log transformed 
(plotted on logarithmic x-axis) and investigated for correlations on non-transformed and log-
transformed biometric data. The fitted lines and R-squared values were included on plots where 
these exceeded 0.4, with the strongest of correlations (semi-log or log-log) being reported/plotted.   
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3. Results 

3.1 Hydrology 

The representativeness of a macroinvertebrate sample or fish survey is dependent on stable flows 
and whether high flows hinder effective surveys. In addition, antecedent flows can also affect survey 
results as fauna can be temporarily displaced.  

3.1.1 Savage River 

Savage River is an unregulated, perennial river and all components of a natural flow regime is present 
including baseflows, summer high flow events (freshes), elevated winter baseflows, high flows and 
floods. Given the free-flowing hydrology of Savage River, flow is unlikely to affect the biological 
condition or community composition of aquatic fauna species in Savage River differently than in 
nearby reference rivers.  

Based on the modelled annual hourly flow time-series at site D1 (SRaPS), a typical high flow event 
(defined as a 95 %ile flow) is often of short duration and recedes quickly following a rain event. High 
fresh flow events (defined as the 80 %ile flow) are more common following rainfall events but also 
recede quickly. Baseflows (defined as a 20 %ile flow) are primarily released by groundwater within 
the catchment and are very low. The magnitude of these flow events would increase downstream, 
with the cumulative contribution of tributary inflows and other catchment runoff. The 95 %ile, 80 
%ile, and 20 %ile modelled flow at site D1 (SRaPS) are 9.4 m3/sec, 3.3 m3/sec and <0.2 m3/sec 
respectively. However, these flow magnitudes need to be confirmed using observed, rated flow data 
due to the limitations of the modelled flow data as outlined in Section 2.2.4. For example, a baseflow 
of <0.2 m3/sec is likely to be an underestimation of typical baseflows for a large catchment on the 
west coast of Tasmania (Figure 3.1). 

 

Figure 3.1: Modelled annual hourly duration curve for Savage River at site D1 (hydrometric site 
2032.1) for the period 1 January 2011 to 31 January 2022. The exceedance curve shows the percent 

of time a specific flow was equal or exceeded for the period 
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Seasonal flow variability is also typical for a west coast river in Tasmania with flows increasing over 
winter and spring and at their lowest over summer and early autumn. Flows in the Savage River are 
greatest in May and July with median flows of 1.9 m3/sec and 2 m3/sec respectively, whilst the 
median flow in February is considerably lower at 0.7 m3/sec (Figure 3.2). Flow variability is also 
greatest in May and July (Figure 3.2). 

 

Figure 3.2: Box-and-whisker plot of hourly modelled flows within each month of the year for Savage 
River at site D1 (hydrometric site 2032.1) for the period 1 January 2011 to 31 January 2022. The 
horizontal line within the boxes is the median flow and the box boundary the upper and lower 

quartile flows, whiskers show the minimum and maximum flow. Mean flow is represented by the 
cross marker and connecting mean line. Outliers are not shown due to peak flows being considerably 

greater than the upper quartile  

The survey in Savage River in spring 2020 was undertaken from 27 October to 5 November when the 
flow conditions were relatively stable around the baseflow following a fresh flow (80%ile) and two 
high flow events (95%ile) which are typical for spring in Savage River. In contrast, the autumn 2021 
survey was undertaken over an extended period from 16 March to 4 May due to persistent elevated 
flows effecting safe wading conditions. The high flow conditions in autumn 2021 were typical for 
Savage River with three flow events exceeding the monthly fresh flow (80%ile) and two of those 
events exceeding the monthly high flow (95%ile) for a short duration. Such high flows are likely to 
have influence the bioassessment samples that were collected as noted in Section 3.3 and 3.4.  
Median flows persisted for the second half of March and most of April suggesting that autumn 2021 
was a wet period with a small number of typical fresh and high flow events (Figure 3.3).  
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Figure 3.3: Hourly modelled flow in Savage River at site D1 (hydrometric site 2032.1) for the period 1 

January 2020 to 30 May 2021 including the typical monthly percentile values that represent aspects 
of the flow regime based on data since January 2011. The grey shading represents the spring 2020 

and autumn 2021 survey periods 

3.1.2 Main Creek  

The flow in Main Creek is highly regulated by the SDTSF and by the Main Creek Tailings Dam (MCTD) 
higher in the catchment and is atypical of the flow regime in nearby unregulated rivers. Flow from 
the MCTD is filtered through the SDTSF alkaline rock flow-through; however, the peak discharge 
through the SDTSF is unknown. Flow regulation can impact the biological condition and community 
composition of aquatic fauna, with the magnitude of the affect dependent of the degree of flow 
regulation. 

Compared to creeks with a natural flow regime, Main Creek would not experience flood conditions or 
the same flow variability. Based on the rated hourly flow data, the difference between the 95%ile 
and 80%ile flow (0.9m3/sec and 0.6m3/sec respectively) is approximately 0.3 m3/sec, whilst the 
baseflow is 0.25 m3/sec. The low variation in the magnitude of high, fresh and baseflows reflects 
regulation of the flow regime in Main Creek. The flow never recedes below 0.13 m3/sec, suggesting 
that water captured in the MCTD and SDTSF is stored and gradually released over time. However, a 
small inflow is present downstream from the SDTSF and upstream from the hydrometric station, 
which also contributes to the flow at this site (Anthony Buckland, Field Services Coordinator, Entura, 
pers comms, Figure 3.4).   
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Figure 3.4: Rated hourly annual duration curve for Main Creek at site M3a (hydrometric site 12075.1) 
for the period 1 January 2018 to 31 January 2022. The exceedance curve shows the percent of time a 

specific flow was equal or exceeded for the period  

Despite the reduced variability of the flow regime, there is still seasonal variability in Main Creek, 
although weak compared with an unregulated watercourse, with the highest flows present in August 
during winter and the lowest flows in February during summer. Given the small difference between 
winter and summer flows, the seasonality of flows in Main Creek is minimal compared to free-
flowing west coast creeks in Tasmania (Figure 3.5).  

 

Figure 3.5: Box-and-whisker plot of rated hourly flows within each month of the year for Main Creek 
at site M3a (hydrometric site 12075.1) for the period 1 January 2018 to 31 January 2022. The 

horizontal line within the boxes is the median flow and the box boundary the upper and lower 
quartile flows, whiskers show the minimum and maximum flow. Mean flow is represented by the 

cross marker and connecting mean line. Outliers are not shown due to peak flows being considerably 
greater than the upper quartile 
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The spring and autumn 2020/21 bioassessment surveys in Main Creek were undertaken during the 
same period as Savage River. The flow conditions in spring 2020 were around the median flow for 
October and November and were on the receding limb of high flows during early spring. In contrast, 
the flow in Main Creek was elevated during the autumn 2021 survey with five events exceeding the 
80%ile fresh flow and two of those events exceeding the 95%ile peak/high flow. However, given the 
magnitude of these flows are similar due to the regulated flow in Main Creek, the high flows were 
less evident during the survey and had minimal impact on safe wading. As high flows are attenuated 
in Main Creek, high flow conditions are unlikely to have the same effect on the macroinvertebrate 
community composition as similar event in the Savage River (Figure 3.6). Therefore, sampling is less 
likely to be impacted after high flow events in Main Creek. 

 

Figure 3.6: Rated flow in Main Creek at site M3a (hydrometric site 12075.1) for the period 1 January 
2020 to 30 May 2021 including the typical monthly percentile values that represent aspects of the 
flow regime based on data since January 2018. The grey shading represents the spring 2020 and 

autumn 2021 survey periods 
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3.2 Water quality 

3.2.1 Savage River at Pump Station (SRaPS – D1)  

The Savage River at Pump Station (SRaPS) site corresponds to bioassessment site D1. Of the 
impacted bioassessment sites, this site has had and continues to have the lowest concentration of 
metals. It is known to be currently impacted by discharges from the Old Tailings Dam North via the 
dam spillway during high rainfall events into Savage River upstream of this site. There are probably 
also minor AMD seeps from the margins of North Dump which were unable to be captured by the 
North Dump Drain, and potentially short-lived spills from the North Dump Drain diversion dam 
during high flows (EPA Tasmania 2020).  

The water quality at this site in the period from January 2010 to June 2021 has shown the following 
trends and characteristics:  

• There has been a decline in the concentration of most metals that are regularly monitored 
(Figure 3.7). The decline in the concentrations of metals at this site was seen from early 2016.  
The decline included changes in the pattern of variability, with reductions in the regularity and 
size of peak metal concentrations, having an overall lower and more stable concentrations 
from 2016 onwards. This included the metals aluminium, copper, cobalt, iron, manganese and 
zinc. 

• Zinc concentrations at this site reduced from mid-2016 to be consistently below the ANZECC 
(2000) default guideline value (Figure 3.7).  

• Aluminium, cobalt and copper remain at concentrations in excess of the ANZECC (2000) 
default guidelines values (Figure 3.7). 

• Peaks in metal concentration prior to 2016 coincided with increased total suspended solids 
(TSS) (Figure 3.8). The decline in the occurrence of peaks of these parameters after early 2016 
suggest that particulate inputs may have been a component of water quality variability pre-
2016, and that these may have declined at this time.   

• Other water quality parameters also demonstrated the change in water quality from early 
2016, displaying more stable values (Figure 3.8):   

o pH was more stable and remained near neutral 

o sulphate concentrations reduced and remained at a lower concentration  

o calcium and alkalinity were slightly less variable and relatively low 

o conductivity was relatively low. 

Piping of the North Dump Drain AMD to the South Lens was the main contributor to the 
improvement in water quality seen at this site (and others further down the catchment) prior to 2015 
(EPA Tasmania 2020).  
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Figure 3.7:  Metal concentrations measured at water quality site SRaPS (D1 bioassessment site equivalent) from January 2010 to June 2021. ANZECC 
(2000) default guidelines values are shown for reference by the black dotted lines. Zinc is plotted on two scales to show data relative to guideline  
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Figure 3.8: Water quality parameters at water quality site SRaPS (D1 bioassessment site equivalent) from January 2010 to June 2021 
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3.2.2 Savage River below South-West Rock Dump (SRbSWRD – D3)  

The Savage River below South-West Rock Dump (SRbSWRD) site corresponds to bioassessment site 
D3. This site has substantially higher concentrations of metals than SRaPS – D1, as it is exposed to 
more sources of acid mine drainage (AMD). This includes discharges from the South Lens Outlet, 
Broderick Creek, Crusher Gully seep and the northern section of South-West Rock Dump. Water 
quality is monitored in Broderick Creek below Waste Rock Dump (BCbWRD) and from the South lens 
Outflow (SLO) and provides some indication of the contribution of mine affected water from these 
locations. However, the contribution of mine affected water from Crusher Gully seep or the northern 
section of South-West Rock Dump is unknown, both of which flow into the Savage River upstream of 
bioassessment site D2.  

There are a number of small tributaries flowing into the western bank of Savage River, which provide 
very minor dilution to the water in Savage River. A small tributary with a catchment area of 0.48 km2 
contributes to dilution at site D2, with another (catchment area of 0.32 km2) contributing additional 
dilution at site SRbSWRD – D3.  

The water quality at site SRbSWRD – D3 in the period from January 2010 to June 2021 has shown the 
following trends and characteristics:  

• As with the SRaPS-D1 site upstream, there is a declining trend for most metal concentrations 
(cobalt, copper, manganese, nickel and zinc) over the period examined (Figure 3.9). With the 
exception of zinc, the overall reduction in metal concentrations at SRbSWRD – D3 is less than 
at site SRaPS-D1. In addition, with the exception of zinc, the variability in metal concentrations 
at SRbSWRD – D3 is higher than at site SRaPS-D1.  

• There is an apparent step-change in concentrations of a number of metals, and in the 
concentrations of calcium and alkalinity, that was observed at SRaPS – D1 from around 2015-
2016 with more stable concentrations from 2016 to 2021 (Figure 3.9, Figure 3.10).  After 2016, 
there are generally lower concentrations with lower peaks in concentration. 

• Aluminium, cobalt and copper occasionally declined to concentrations that at times 
approached ANZECC (2000) default guideline values, but rarely measured below the ANZECC 
(2000) default guidelines values (Figure 3.9). 

• Nickel occasionally had concentrations below ANZECC (2000) default guidelines value (more 
frequently post 2017), and zinc regularly had concentrations below the ANZECC (2000) default 
guidelines value, particularly after 2016 (Figure 3.9). 

• Other water quality parameters showed the following characteristics (Figure 3.10):   

o pH had some variability between neutral to slightly alkaline values, with no specific 
trend. 

o Conductivity was variable and often reached 800 µS/cm. 

o The South Lens (site SLO) contributes higher concentrations of dissolved, bioavailable 
metals into Savage River than Broderick Creek (site BCbWRD). For example, copper, 
cobalt, manganese, nickel and zinc are higher at SLO than BCbWRD, whilst these metals 
are lower at site BCbWRD than SRbSWRD-D3 suggesting that the South Lens Outlet 
contributes a much higher proportion of these metals to Savage River than Broderick 
Creek (Figure 3.11). 
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o The alkalinity at site BCbWRD is higher than site SLO reflecting the alkaline rock 
treatment of the Broderick Creek flow-through (Figure 3.11). 

o The sulphate and conductivity are higher at site SLO and BCbWRD than site SRbSWRD-
D3, which may be due to the dilution of water from the upper Savage River catchment 
by the small tributary inflows (Figure 3.11). 

The declining trend for most metal concentrations at site SRbSWRD – D3 is also evident at site SLO. 
This suggests that the declining metals in Savage River at site SRbSWRD may be due to the lower 
concentrations of metals being released from the South Lens. However, it is not possible separate 
this decline from other inputs of AMD (e.g. Crusher Gully) and requires further investigation.  
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Figure 3.9: Metal concentrations measured at water quality site SRbSWRD (D3 bioassessment site equivalent) from January 2010 to June 2021. ANZECC 
(2000) default guidelines values are shown for reference by the black dotted lines. Zinc is plotted on two scales to show data relative to guideline  
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Figure 3.10: Water quality parameters measured at water quality site SRbSWRD (D3 bioassessment site equivalent) from January 2010 to June 2021 
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Figure 3.11:  Comparison of dissolved metals and water quality parameters between sites SRbSWRD, BCbWRD and SLO from January 2010 to June 2021
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3.2.3 Savage River at Smithton Road (SRaSR – D5)  

The Savage River at Smithton Road (SRaSR) site corresponds to bioassessment site D5.  This site has 
lower concentrations of metals than SRbSWRD-D3.  Located 30 km downstream, it receives AMD 
from the entire mine lease (i.e. Savage River and Main Creek). A major cause for the lower 
concentrations than upstream is the dilution with inflows from unimpacted sub-catchments as well 
as complexation with other naturally occurring or mine-sourced substances such as humic acids, iron 
and aluminium (EPA Tasmania 2020).   

The water quality at this site in the period from January 2010 to June 2021 has shown the following 
trends and characteristics:  

• There was a declining trend for most metal concentrations (cobalt, copper, manganese, nickel 
and zinc) over the period examined. These metals also had a reduction in the variability of 
their concentration over the period. 

• Cobalt, copper and nickel were regularly in excess of their respective ANZECC (2000) default 
guideline values from 2010 to 2016. Cobalt and copper had the greatest exceedances, 
exceeding their respective guidelines by a factor of 20 to 30. Nickel exceeded its guideline by a 
factor of between 2 and 3. In contrast, zinc was often below its ANZECC (2000) default 
guideline value for 2010 to 2016, with only some peaks exceeding the guideline (Figure 3.12). 

• Similar to the other Savage River sites, a notable, but more pronounced decline in 
concentration of cobalt, copper, manganese, nickel and zinc was seen from around early 2016. 
Cobalt and copper reduced in concentration between 2016 to 2021 by around 50%, and 
approached, but remained above, the ANZECC (2000) default guideline value for these metals. 
Nickel and zinc also had a similar reduction in concentration of around 50% between 2016 and 
2021. From 2016 onwards, most of the measurements of zinc and nickel were below their 
guideline values. The reduction and stabilisation in concentration at this time may be related 
to the initial use of the SDTSF (Figure 3.12).  

• Aluminium concentrations tended to have similar concentrations and patterns of variation 
throughout the period examined.  Aluminium did not display the same pattern of reduction in 
concentration or variability seen with other metals after 2016. Aluminium concentration was 
mostly above the ANZECC (2000) default guideline value but tended to have concentrations 
lower than the guideline value in summer months (Figure 3.12). 

• The reduction in cobalt, copper, manganese, nickel and zinc concentrations was more 
pronounced in total rather than dissolved metals. This suggests a potential decline in 
particulate material containing metals has occurred since 2016 (Figure 3.12).  

• Other water quality parameters showed the following characteristics (Figure 3.13):   

o pH was generally neutral to slightly alkaline, with no specific trend over time 

o calcium and alkalinity had more stable concentrations from 2016 to 2021, with fewer 
high peaks in concentration 

o conductivity was variable between 100 µS/cm and 600 µS/cm. 
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Figure 3.12: Metal concentrations measured at water quality site SRaSR (D5 bioassessment site equivalent) from January 2010 to June 2021.  ANZECC 
(2000) default guidelines values are shown for reference by the black dotted lines. Zinc is plotted on two scales to show data relative to guideline  
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Figure 3.13: Water quality parameters measured at water quality site SRaSR (D5 bioassessment site equivalent) from January 2010 to June 2021 
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3.2.4 Main Creek below South Deposit (MCbSD – M3a) 

The Main Creek below South Deposit (MCbSD) site corresponds to bioassessment site M3a and 
would also be representative of site M3, which is 4 km downstream. This site has previously been 
subjected to very high levels of metal contamination from AMD. This site is located immediately 
downstream of the South Deposit Tailings Storage Facility (SDTSF). It represents all inputs to Main 
Creek at this point including outflows from the Main Creek Tailings Dam (MCTD) and the SDTSF (EPA 
Tasmania 2020). The SDTSF was completed in 2016 and uses an alkaline flow-through design that 
increases alkalinity levels in Main Creek, discharging just upstream of the monitoring site (EPA 
Tasmania 2020).   

The water quality at this site in the period from January 2010 to June 2021 has shown the following 
trends and characteristics: 

• Metal concentrations were very high in 2010 and declined substantially by June 2021. The 
major improvement in water quality was first observed from mid-2013 (Figure 3.14) and with a 
final decline in 2015 and early 2016 (Figure 3.15).   

• Aluminium, cobalt, copper, nickel and zinc were all several orders of magnitude greater than 
ANZECC (2000) default guidelines values from 2010-2013, indicative of a very high level of 
impact from acid mine drainage.  Manganese was also elevated above guideline levels at this 
time.  The concentration of these metals in 2013 to 2015 was slightly lower and more steady, 
with all, except manganese, remaining well in excess of the ANZECC (2000) default guidelines 
values.   

• After 2016 cobalt, manganese, nickel and zinc concentrations declined to concentrations 
below the ANZECC (2000) default guidelines values and maintained very steady concentration 
until 2021. Copper concentrations declined to a lower steady concentration which occasionally 
was lower than the ANZECC (2000) default guidelines value (Figure 3.14, Figure 3.15).  
Aluminium had lower concentrations after 2016, occasionally below the ANZECC (2000) 
default guidelines value, however there was a much greater degree of variability in its 
concentration compared to other metals between 2016 and 2021.   

• Other water quality parameters had similar large changes during the period 2010 to 2021. 
From early 2013 there were changes in many water quality parameters (Figure 3.16):   

o pH had an increase, changing from neutral - acidic (pH 5 to 7) to neutral-alkaline (pH 7 to 
8)  

o alkalinity and calcium concentration increased substantially  

o TSS concentrations declined substantially, with very low suspended sediment being 
measured after 2013 

o Conductivity was variable but remained high with a number of observations 
approximately 1200 µS/cm.   

The changes in water quality observed at this site are primarily influenced by the construction and 
commissioning of the SDTSF. This facility underwent construction from 2013 and was completed in 
2016. The observed changes in water chemistry including the reduction in metal concentrations were 
mediated by the new facility, with the removal of tailings and the treatment of water leaving the 
mine lease through the alkaline flow-through. These represent a vast improvement in water quality. 
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Figure 3.14: Metal concentrations measured at water quality site MCbSD (M3a bioassessment site equivalent) from January 2010 to June 2021. ANZECC 
(2000) default guidelines values are shown for reference by the black dotted lines. Rescaled plots in Figure 3.15 (below) to more clearly show metals 

concentrations at MCbSD from January 2016 to June 2021 relative to ANZECC (2000) default guidelines values  
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Figure 3.15: Rescaled metal concentrations plots at water quality site MCbSD (M3a bioassessment site equivalent) from January 2016 to June 2021.  
ANZECC (2000) default guidelines values are shown for reference by the black dotted lines.  
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Figure 3.16: Water quality parameters measured at site MCbSD (D5 bioassessment site equivalent) from January 2010 to June 2021 
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3.3 Macroinvertebrates: AusRivAS community assessment 

3.3.1 Overview of key findings 

A total of 38 (riffle habitat) and 41 taxa (edgewater habitat) were identified in spring 2020 and 40 
taxa in autumn (riffle and edgewater) across all bioassessment sites (Table G.1 to Table G.4). The taxa 
recorded are typical of the taxonomic groups found in freshwater streams in north-west Tasmania. 

For the Savage River site group, the combined season outputs for riffle habitat in 2020/21 showed a 
modest increase in river health scores compared to 2011/12 at all sites except for D1 which dropped 
slightly but remained in reference site condition (band A). Site D3, the most downstream site within 
the mine lease in Savage River, improved from band B in 2011/12 to band A in 2020/21. Over the 
entire SRRP, the largest shift in river health scores for the Savage River site group occurred between 
2007/08 and 2011/12 which is probably due to the remediation works (i.e. South Lens, B Dump 
cover, Broderick Creek Waste Rock Dump and North Dump Drain) improving water quality in the 
Savage River between these survey periods.  

The Main Creek site group showed considerable improvement compared to all previous surveys. 
Prior to 2020/21, the Main Creek site group received the most degraded condition rating (band D) in 
every monitoring period. However, the 2020/21 combined season riffle score was equivalent to 
reference condition (band A; Section 3.3.2). It is highly likely that the improvement in River Health 
Scores in 2020/21 in Main Creek is due to improved water quality from the SDTSF. 

The river health scores at the Savage River control and reference site groups were largely consistent 
with previous surveys.  

There is limited single season data from the previous assessments; however, the single season 
models for spring 2020 and autumn 2021 provide another line of evidence that the riffle 
communities at all of the Savage River and Main Creek site groups have improved significantly 
compared to the single season models run in the mid and late 1990’s.  

Edgewater communities have shown significant improvement in the Savage River between the 
2007/08 and 2011/12 bioassessment surveys and this trend has continued in 2020/21 with all three 
sites within the mine lease (sites D1, D2 and D3) returning scores equivalent to reference. In 
2020/21, edgewater was assessed as band A for the first time at site D3. It is likely that the improved 
quality of mine water discharge into Savage River is responsible for higher edgewater river health 
scores in 2011/12 and 2020/21. Site D5 declined from band A in 2011/12 to band B in 2020/21; 
however, this decline may be due to high flow conditions affecting sample quality in autumn 2021. 

Improved water quality in Main Creek between the 2011/12 and 2020/21 surveys was not reflected 
with the same dramatic improvement in the combined season edgewater O/E scores in Main Creek 
as occurred for the riffle habitat. River health scores improved at Main Creek site M3 in 2020/21 
compared to 2011/12 but remained in band B, while M3a declined from band A in 2011/12 to band B 
in 2020/21.  
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3.3.2 Riffle community  

Savage River  

The Savage River control sites (C1 and C2) were assessed as band A in 2020/21 which is consistent 
with the good river health reported at these sites in the 2001, 2007/08 and 2011/12 combined 
season models (Figure 3.17; Figure 3.20, Table 3.1). 

The combined season O/E score for the most upstream Savage River site within the mine lease (D1) 
was similar to the 2011/12 score with this site maintaining a band A score (equivalent to reference) 
in 2020/21. Bioassessments prior to 2011/12 at this site have all been in the B band (significantly 
impaired) (Figure 3.17; Table 3.1). Site D2 was assessed as band B in 2020/21, as it has been for every 
previous monitoring period (Figure 3.17; Figure 3.20; Table 3.1).  

By contrast, site D3 (within the mine lease) has previously fluctuated between band C (severely 
impaired) and band B from 1997/98 to 2011/12 but reported a band A score for the 2020/21 surveys 
(Figure 3.17; Figure 3.20; Table 3.1).  

Due to access issues during the 2020/21 bioassessment (see Section 2.1), site D4 was not sampled 
and instead a comparable site located upstream was sampled (D4a); therefore, there is no 2020/21 
combined season score for site D4 which is located downstream of the mine lease and downstream 
of the Main Creek inflow. Site D4 was assessed as band A in 2011/12 in contrast to the previous three 
survey periods that recorded poor river health scores (Table 3.1). The single season spring model for 
riffle habitat at site D4a in 2020 was assessed as band A (Table 3.2) which is consistent with the 
2011/12 data and indicates that river health has improved through this region of the river.  

Prior to 2011/12, the most downstream site from the mine lease in Savage River (D5) reported a 
severely impacted condition (band C) but improved to band B in 2011/12 which was maintained in 
2020/21 (Figure 3.17; Table 3.1).  

Despite the improvements in biological condition in the riffle habitat in Savage River, the mean 
combined season O/E scores for riffle habitat in Savage River are on average lower than the 
upstream control site group and reference site group (Figure 3.18).  

Main Creek  

Prior to 2020/21, the Main Creek sites (M3 and M3a) were assessed as band D (extremely impaired) 
for every sampling period (Figure 3.17; Figure 3.18; Table 3.1). The 2020/21 results show a marked 
improvement in river health at the two Main Creek sites following the construction of the SDTSF. The 
sites in Main Creek were assessed as band A and comparable to the mean O/E scores for the 
reference site group (Figure 3.17; Figure 3.18; Table 3.1).  

Reference sites 

The combined season models have reported band A results at the Donaldson (Dn1) and Heazlewood 
(H1) reference sites for every sampling occasion (Figure 3.17; Table 3.1). The upstream site on the 
Whyte River (W1) has also been in band A for all survey periods other than 2007/08 (Figure 3.17; 
Table 3.1). W2 recorded band B scores in 2001 and 2007/08 but band A in 2011/12 and 2020/21 
(Figure 3.17; Table 3.1). The most downstream site on the Whyte River (W3) was assessed as quite 
low in band B in 2020/21 while the 2001 and 2007/08 assessments recorded band A at this site and is 
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likely the result of high flows prior to and during the autumn survey affecting the invertebrate 
community present and potentially also the ability to sample effectively (Figure 3.17; Table 3.1).  

Single season models 

The single season scores in spring 2020 and autumn 2021 are mostly consistent with the combined 
season models but differ for some sites, which may be attributable to sampling conditions in autumn 
and/or differences in habitat predictor variables (and the effect of this on reference site group 
comparison) between the single and combined season models.   

For the single season models, all sites were assessed as band A in the spring 2020 except for the 
reference sites H1 and W1, which fell into band X (more diverse than reference) (Table 3.2). The 
autumn 2021 samples were assessed as band X or A at all sites other than Savage River site D5 and 
Whyte River sites W1 (both band B), and W3 (band C) (Table 3.2). It is likely that elevated flows prior 
to and during the autumn 2021 survey explain the poorer river health scores at these sites compared 
to spring.  

The only previous bioassessment reports that provided single season outputs were for the autumn 
1995 and autumn 1997/98 surveys (Davies and Cook 1995; Davies and Cook 1998) (Table 3.2). The 
single season outputs in 2020/21 suggest that the condition of the Savage River and Main Creek site 
groups have improved substantially since 1998 with all but D5 receiving band A, or better, scores in 
spring 2020 and autumn 2021 (Table 3.2).  

O/E SIGNAL scores 

In 2020/21, the combined season O/E SIGNAL scores for riffle habitat were similar to the 
corresponding combined season O/E score for most sites in Savage River and Main Creek 
(Figure 3.19). The exceptions were sites D2 and D5 which grouped separately due to lower O/E 
scores. The remaining Savage River and Main Creek sites grouped with the Savage control and 
reference sites which indicates that these sites have biodiverse riffle habitats (Figure 3.19). In 
2011/12, sites D3 and D1a (D1a was not sampled in 2020/21) were also grouped separately from the 
reference sites due to lower O/E scores (Figure 3.19).  

In 2020/21, none of the Savage River or Main Creek sites had O/E signal scores which indicated that 
the pollution sensitive taxa had been reduced by mine affected water quality. In 2011/12, two of the 
Main Creek sites (M3 and M3a) grouped together on the basis of very low O/E scores but high O/E 
signal scores which suggests habitat impacts other than water quality. By contrast site M2 had a very 
low O/E and O/E signal score in 2011/12 which suggests water quality and habitat quality may have 
been affecting the community.  

The lower O/E scores relative to O/E SIGNAL scores at sites D2 and D5 suggest the communities at 
these sites may be affected by a factor(s) other than water quality (such as flow conditions during or 
prior to the sampling event, sub-optimal riffle habitat or other habitat conditions) (Figure 3.19). The 
invertebrate community at site D2 may be impacted by habitat conditions which are influenced by 
close proximity to mine water discharge (such as deposition of mine derived fines). At site D5, high 
flow conditions and a riffle/run section dominated by highly mobile sand may explain the lower O/E 
score.  

A low combined season O/E SIGNAL score for riffle habitat was recorded at the lowland, sand 
dominated reference site W3 (Figure 3.19). This suggests that this site may not support the most 
suitable riffle habitat for macroinvertebrates, particularly when the mid channel bar at the site is 
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inaccessible during higher flows (as was the case in autumn 2021).  Alternatively, the low score 
maybe a result of temporary displacement of macroinvertebrates caused by recent high flows. 

3.3.3 Edgewater community  

Savage River  

The Savage River control sites have fluctuated between band B and A river health scores in the three 
monitoring periods between 1997/98 and 2008 (Table 3.3). However, all control sites were assessed 
as band A in 2011/12 and 2020/21.  

In the three monitoring periods prior to 2011/12, the edgewater communities of the Savage River 
site group have mainly been assessed as being in poor condition, with only D1 (2001, 2007/08) and 
D2 (2007/08) receiving a band A score (equivalent to reference) (Table 3.3). The edgewater 
community improved in 2011/12 with four of the five test sites assessed as band A with only D3 
assessed as significantly impaired (band B) (Table 3.3). Similar to riffle communities, the 
improvement in the edgewater river health scores in 2011/12 is likely to reflect improved water 
quality conditions in Savage River.  

In 2020/21, the three sites within the mine lease in Savage River (D1, D2 and D3) had slightly higher 
river health scores than in 2011/12 and all were in band A which was the first time that the D3 
edgewater community had been assessed as equivalent to reference condition (Table 3.3). Site D5 
declined from band A in 2011/12 to band B in 2020/21, and although no combined season score was 
obtained for D4, the single season spring O/E score for site D4a was also assessed as band B 
(Table 3.3).  

The improvement in the biological condition of edgewater habitats for the Savage River sites within 
the mine lease did not result in higher overall mean O/E score for the Savage River site group in 
2020/21 (Figure 3.21). That is, the combined season O/E scores for edgewater habitat in 2020/21 
decreased slightly in the Savage River site group compared to 2011/12 and remained lower than the 
mean combined season O/E scores for edgewater habitat in the control and reference site groups 
(Figure 3.21). However, the mean site group score for the Savage River site group may have been 
higher if combined season data for Savage River site D4 was available for the 2020/21 survey. Also, 
high flows are likely to have impacted the edgewater O/E scores at site D5. Thus, additional survey 
data under low flow conditions is needed to gain further insight into the longitudinal recovery of the 
edgewater communities in the Savage River when compared to historic surveys.  

Main Creek 

River health scores for the edgewater community in Main Creek improved in 2011/12 compared to 
previous bioassessments, although the improvement was slight at the historic site M3 and quite 
possibly within naturally variability at this site (Table 3.4). The new site sampled in 2011/12 
(site M3a) received a band A rating; however, lack of assessments at this site prior to 2011/12 make 
it impossible to know if the edgewater had improved.  

Improved water quality in Main Creek between the 2011/12 and 2020/21 surveys was not reflected 
with the same dramatic improvement in the combined season edgewater O/E scores in Main Creek, 
as occurred for the riffle habitat (Section 3.3.2) (Table 3.3). River health scores improved at Main 
Creek site M3 in 2020/21 compared to 2011/12 but remained in band B, while M3a declined from 
band A in 2011/12 to band B in 2020/21 (Table 3.3). Unsurprisingly, the combined season O/E score 
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for edgewater habitat in the Main Creek site group has decreased slightly since the 2011/12 survey 
and remain lower than the mean combined season O/E scores for edgewater habitat in the control 
and reference site groups (Figure 3.21). 

When commenting on the improvement in edgewater habitat in Savage River in 2011/12, DPIPWE 
(2012) attributed the improvement to the taxa being better adapted to depositional habitats with 
finer particles (DPIPWE 2012). Interestingly, some of the taxa observed in the edgewater habitat in 
Main Creek in 2011/12 were taxa typically observed within riffle habitat (for example, Eustheniidae 
and Gripopterygidae). Whilst it is not uncommon to detect these taxa in edgewater habitats, it is 
unusual that they were present in the edgewater but not the riffle habitat in 2011/12 but 
unsurprising in 2020/21 given the overall improvement in the biological health of Main Creek. This 
suggests that some other factor may have supported a healthier edgewater biological condition in 
Main Creek before the construction of the SDTSF. Potential reasons include less-sensitive species 
within these families occurring within the edgewater habitat (macroinvertebrate identification has 
not resolve the taxonomy below family level in any of the bioassessments), or that freshwater 
seepage from the surrounding local catchment may have diluted poor water quality in the edgewater 
habitat in Main Creek before the construction of the SDTSF. 

Reference sites 

The reference sites have fluctuated between band B and A river health scores in the three monitoring 
periods between 1997/98 and 2008 (other than Whyte River site W3 which obtained a band C score 
in 2007/08) (Table 3.3). However, all reference sites were assessed as band A in 2011/12 and 
2020/21.  

Single season models 

In 2020/21, the single season spring and autumn river health scores for the Savage River sites 
(Savage River and Savage River control sites), were consistent with the river health rating provided by 
the combined season model (Table 3.3; Table 3.4). The only exception was site D3 which received a 
band B score in spring 2020 and band A in autumn 2021 (Table 3.4). Main Creek site M3 was assessed 
as band A in spring 2020 but dropped to low in band B in autumn 2021 while Main Creek site M3a 
was band B in both seasons (Table 3.4). 

There was more variation between the single season scores among the reference sites (Table 3.4). All 
reference sites received band A scores in Spring 2020; however, the Heazlewood site (H1) and two 
Whyte River sites (W2 and W3) were assessed as band B in autumn 2021.  

Elevated flows occurred prior to and during the autumn 2021 may have displaced the edgewater 
communities and influenced the ability of surveyors to collect a representative sample (such as 
sampling recently inundated margins as opposed to collection from more permanent edgewater 
habitats present under lower flows).  

Historical single season edgewater data is limited to autumn 1995 and 1998 and these data indicated 
very poor river health at the Savage River sites D3 (band C), D4 and D5 (band D) and Main Creek sites 
M2 (band D) and M3 (band C). Improvement in edgewater communities to at least band B, and to 
band A at site D3 in autumn 2021 and at site M3 in spring 2020, is consistent with improvements in 
water quality leaving the mining lease into Savage River and Main Creek, resulting in healthier 
macroinvertebrate communities.  
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O/E SIGNAL scores 

In 2020/21, none of the Savage River or Main Creek sites had O/E signal scores which indicated that 
pollution sensitive taxa have been reduced by mine affected water quality (Figure 3.22). The 
combined season O/E SIGNAL scores for edgewater habitat were similar to the corresponding 
combined season O/E score for edgewater habitat at all sites in Savage River except site D5 
(Figure 3.22). The remaining Savage River sites grouped with the Savage control and reference sites 
which indicates that these sites have biodiverse edgewater habitats (Figure 3.22). These results are 
similar to 2011/12 with the exception of site D3 which had a lower O/E score indicative of potential 
impacts other that water quality.  

The low combined season O/E score for edgewater habitat at D5 may be due habitat impacts other 
than water quality; however, a more likely explanation is that the autumn sample was affected by 
high flows prior to and during the survey (as discussed earlier in this Section). This is supported by 
the 2011/12 results where site D5 had O/E and O/E signal scores indicative of good habitat and water 
quality.  

For Main Creek, the combined season O/E SIGNAL score for edgewater habitat in 2020/21 was higher 
than the corresponding combined season O/E score for edgewater habitat. This indicates that 
pollution sensitive taxa are present in edgewater habitat in Main Creek, but that impacts other than 
water quality may be affected the edgewater communities at these sites (Figure 3.22). In 2011/12, 
site M3 also had a low O/E score relative to O/E signal score; however, site M3a had an O/E and O/E 
signal score which grouped it with sites with healthy edgewater habitats. 
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Figure 3.17: Tasmanian combined season AusRivAS O/E bands from sites sampled in Savage River and 
adjoining catchments in 2020-21 and historic surveys. The left-side coloured annotation represents 
the riffle habitat, whilst the right-side coloured annotation represents the edgewater habitat. The 

annotation code represents the season and year that the O/E band represents. For example, S97A98 
is ‘spring 1997 and autumn 1998’ 
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Figure 3.18: Mean O/E scores for the combined season AusRivAS riffle model in the Savage River, 
Main Creek, Savage River control and reference site groups during monitoring in 2001, 2007/08, 

2011/12 and 2020/21. Error bars represent 1 standard deviation. The lower bounds of the AusRivAS 
bands are shown by the dashed lines. Note, the number and location of sites within each site group 

has varied over time. Thus, while the patterns in the plot give an indication of the temporal variation 
within the site groups, they are also influenced by the imprecise replication within site groups across 

the sampling years. 

Table 3.1: Tasmanian combined season AusRivAS riffle model O/E scores and associated river health 
band for sites surveyed in 2020/21 and historic surveys, where A band = green, B band = orange, C 

band = yellow and D band = red 

Site Site type 1997/98 2001 2007/08 2011/12 2020/2021 

O/E Band O/E Band O/E Band O/E Band O/E Band 

C1 Control 0.83 B 1.04 A 0.89 A 1.09 A 1.05 A 

C2 Control 0.81 B 1.06 A 0.96 A 1.03 A 0.99 A 

D1 Test 0.67 B 0.77 B 0.77 B 0.94 A 0.90 A 

D2 Test 0.65 B 0.80 B 0.85 B 0.81 B 0.84 B 

D3 Test 0.58 C 0.62 B 0.53 C 0.83 B 0.89 A 

D4 Test 0.31 D 0.57 C 0.66 B 0.93 A   

D5 Test 0.57 C 0.57 C 0.57 C 0.71 B 0.76 B 

M3 Test 0.16 D 0.26 D 0.10 D 0.26 D 0.96 A 

M3a Test       0.35 D 0.92 A 

Dn1 Reference       1.10 A 0.89 A 

H1 Reference 0.92 A 1.06 A 0.96 A 0.91 A 1.08 A 

W1 Reference 1.07 A 1.02 A 0.71 B 1.12 A 1.00 A 

W2 Reference   0.76 B 0.71 B 0.93 A 0.96 A 

W3 Reference   1.02 A 0.88 A   0.68 B 
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Table 3.2: Tasmanian single-season AusRivAS riffle model O/E scores and associated river health 
band for sites surveyed in 2020/21 and historic surveys, where X band = blue, A band = green, B band 

= orange, C band = yellow and D band = red 

Site Site type Autumn 1995 Autumn 1998 Spring 2020 Autumn 2021 

O/E Band O/E Band O/E Band O/E Band 

C1 Control 0.98 A 0.77 B 0.86 A 1.14 X 

C2 Control 0.84 B 0.84 B 1.08 A 1.09 A 

C3 Control 0.99 A       

D1 Test 0.78 B 0.56 C 1.01 A 1.20 X 

D2 Test 0.57 C 0.35 C 0.91 A 0.90 A 

D3 Test 0.69 B 0.35 C 0.93 A 0.97 A 

D4a Test     0.95 A   

D4 Test 0.15 D 0.39 C     

D5 Test 0.21 D 0.45 C 0.95 A 0.74 B 

M1 Test   0.64 B     

M2 Test   0.14 D     

M3 Test   0.07 D 1.00 A 1.10 A 

M3a Test     1.05 A 0.93 A 

Dn1 Reference     1.00 A 1.37 X 

H1 Reference   1.06 A 1.15 X 1.15 X 

W1 Reference   1.13 A 1.15 X 0.76 B 

W2 Reference   0.63 B 1.00 A 1.13 A 

W3 Reference     0.88 A 0.49 C 

 

Figure 3.19: Tasmanian combined season AusRivAS riffle model O/E score versus O/E SIGNAL scores 
for sites surveyed in 2020/21 and possible interpretations for when the two indices place sites in 

different bands. The vertical and horizontal dashed lines indicate the upper and lower bounds for the 
A band  
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Figure 3.20: Tasmanian combined season AusRivAS riffle model O/E scores in the Savage River in 
2020/21 and historic surveys, relative to the distance downstream from the site D1. Note, only the 
spring 2020 score is shown for site D4a. The solid line represents the lower bound for the A-Band 

 

Figure 3.21: Mean O/E scores for the combined season AusRivAS edgewater model for the Savage 
River, Main Creek, Savage River control and reference site groups during monitoring in 2001, 

2007/08, 2011/12 and 2020/21. Error bars represent 1 standard deviation 
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Table 3.3: Tasmanian combined season AusRivAS edgewater model O/E scores and associated river 
health band for sites surveyed in 2020/21 and historic surveys, where A band = green, B band = 

orange, C band = yellow and D band = red 

Site Site type 1997/98 2001 2007/08 2011/12 2020/2021 

O/E Band O/E Band O/E Band O/E Band O/E Band 

C1 Control   0.81 B 1.04 A 1.00 A 0.95 A 

C2 Control 0.86 A 0.79 B 0.93 A 0.95 A 0.92 A 

D1 Test 0.76 B 0.90 A 0.97 A 0.87 A 1.02 A 

D2 Test 0.72 B 0.79 B 1.01 A 0.94 A 0.95 A 

D3 Test 0.72 B 0.64 B 0.79 B 0.72 B 0.86 A 

D4 Test 0.61 B 0.48 C 0.75 B 0.86 A   

D5 Test 0.68 B 0.55 B 0.65 B 0.95 A 0.66 B 

M3 Test 0.58 B 0.58 B 0.41 C 0.60 B 0.74 B 

M3a Test       0.89 A 0.73 B 

Dn1 Reference       1.11 A 1.06 A 

H1 Reference 0.92 A 0.64 B 1.14 A 1.10 A 0.95 A 

W1 Reference 0.95 A 0.95 A 0.81 B 0.99 A 1.10 A 

W2 Reference   0.84 A 0.91 A 0.95 A 1.07 A 

W3 Reference   0.70 B 0.61 C   1.00 A 

Table 3.4: Tasmanian single-season AusRivAS edgewater model O/E scores and associated river health 
band for sites surveyed in 2020/21 and historic surveys, where X band = blue, A band = green, B band = 

orange, C band = yellow and D band = red 

Site Site type Autumn 1995 Autumn 1998 Spring 2020 Autumn 2021 

O/E Band O/E Band O/E Band O/E Band 

C1 Control 0.7 B   0.94 A 1.12 A 

C2 Control 0.8 B 0.6 C 0.83 A 0.94 A 

C3 Control 0.6 C       

D1 Test 0.9 A 0.6 C 0.92 A 0.93 A 

D2 Test 0.9 A 0.5 C 0.82 A 0.94 A 

D3 Test 0.6 C 0.4 C 0.58 B 1.00 A 

D4a Test     0.67 B   

D4 Test 0.3 D 0.2 D     

D5 Test 0.3 D 0.3 D 0.51 B 0.60 B 

M2 Test   0.22 D     

M3 Test   0.4 C 0.85 A 0.46 B 

M3a Test     0.65 B 0.52 B 

Dn1 Reference     0.83 A 1.22 X 

H1 Reference   1.11 A 1.09 A 0.67 B 

W1 Reference   1.01 A 0.94 A 1.07 A 

W2 Reference   0.87 B 1.07 A 0.77 B 

W3 Reference     0.88 A 0.71 B 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

58  

 

Figure 3.22: Tasmanian combined season AusRivAS edgewater model O/E score versus O/E SIGNAL 
scores for sites surveyed in 2020/21 and possible interpretations for when the two indices place sites 
in different bands. The vertical and horizontal dashed lines indicate the upper and lower bounds for 

the A band  

 

Figure 3.23: Tasmanian combined season AusRivAS edgewater model O/E scores in Savage River in 
2020/21 and historic surveys, relative to the distance downstream from the site D1. Note, only the 
spring 2020 score is shown for site D4a. The solid line represents the lower bound for the A-Band 
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3.4 Macroinvertebrates: Quantitative community assessment 

3.4.1 Overview of key findings 

The macroinvertebrate community in the Savage River within and downstream from the mine lease 
(Savage River site group) is separated from control and reference sites in ordination space. This is 
consistent with previous surveys and indicates the Savage River site group is different compared to 
the reference and Savage River control site groups. However, previous surveys reported that this 
difference was statistically significantly, whereas the difference was not significant in 2020/21. This 
finding is consistent with the river health results, which also indicated the Savage River site group is 
shifting towards a condition that more closely resembles the reference and Savage River control site 
groups.  

Macroinvertebrate composition in Main Creek was significantly different to the Savage River control 
and reference site groups in 2020/21 despite the previously discussed improvement in river health 
(Section 3.3); however, the MDS plots suggest that there may be a shift occurring in 
macroinvertebrate community composition over time towards community composition in the 
reference site group. 

Total abundance (productivity) of macroinvertebrates within the Savage River site group was lower 
than the Savage River control and reference site groups in 2020/21 but also highly variable between 
sites. However, the pairwise comparison with the Whyte River reference sites was not significantly 
different and abundance has increased in the Savage River site group since 2011/12. An increase in 
total abundance was also evident in Main Creek site group with a substantial increase in productivity 
since 2011/12 and where the total abundance slightly exceeded that of the reference sites in 
2020/21.  

Abundance of EPT taxa (pollution sensitive taxa) was seasonally variable in the Savage River site 
group in 2020/21, being lower than the reference and Savage River control site groups in spring 2020 
and higher in autumn 2021. The abundance of EPT taxa at sites D1, D3 and D5 was not significantly 
different to the paired Whyte River reference sites in 2020/21 (autumn and combined season data). 
This comparison was significantly different in 2011/12, suggesting that the abundance of EPT in 
Savage River has become more like reference condition since 2011/12. The same result for 
abundance of EPT taxa was evident in the Main Creek site group, with a substantial increase in 
pollution sensitive taxa since 2011/12 and with the abundance of EPT exceeding reference condition 
due to the very high abundance of EPT taxa at the Main Creek sites in autumn 2021.   

The number of macroinvertebrate taxa (diversity) in the Savage River site group has increased 
significantly based on the spring and combined season data compared since 2011/12. Diversity in the 
Savage River site group was similar to the Whyte River reference sites, which is the same result as 
reported in 2011/12. The number of macroinvertebrate taxa in Main Creek was substantially higher 
in 2020/21 than 2011/12 and was comparable with reference condition for the first time in 2020/21. 

Longitudinal patterns of total abundance and abundance of EPT taxa (productivity) in the Savage 
River site group are based primarily on proximity to mine operations and point sources of AMD 
(evidenced by higher abundance metrics at site D1 compared to site D2 which is directly downstream 
AMD). Both abundance metrics were higher at the upstream Savage River control site group when 
compared with Savage River site group, whilst a seasonal improvement in abundance metrics was 
observed at site D3 in 2020/21. There is some limited evidence of recovery in the abundance metrics 
within the middle catchment at site D4a in spring 2021 when compared to previously reported 
improvements at site D4 over time. 
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Longitudinal patterns in the number of macroinvertebrate taxa (diversity) were also higher in the 
Savage River control site group compared to the Savage River site group. Conversely to the 
abundance metrics, diversity was higher at site D2 than site D1 in 2020/21. There is some limited 
evidence of recovery in the diversity within the middle catchment at site D4a in autumn 2021 when 
compared to previously reported improvements at site D4 over time. 

3.4.2 Macroinvertebrate community composition  

A total of 45 macroinvertebrate taxa were identified from Surber samples collected across all 
bioassessment sites in spring 2020 and autumn 2021 (Appendix G, Table G.5, Table G.6), all of which 
are typical taxonomic groups found in freshwater streams in north-west Tasmania. The freshwater 
crayfish (Astacopsis tricornis) was also observed in Main Creek for the first time since the 
bioassessments began. This species was observed at D2 in 2008 and the Savage River control sites in 
1998 (C1, C2); it has also been regularly observed at some of the reference sites (site W1 in 2008 and 
2021, site H1 in 2008 and 2012 and site Dn1 in 2012). The observation of the freshwater crayfish is an 
important result for Main Creek and provides supporting evidence for an improvement in biological 
condition within Main Creek.  

Overall, macroinvertebrate community composition in the Savage River site group is separated in 
ordination space from the reference and Savage River control site groups in 2020/21 (Figure 3.24). 
Based on the combined season macroinvertebrate data, the Savage River site group community is 
numerically dominated by blackfly larvae (Simuliidae), marsh beetle larvae (Scirtidae), caddisfly 
larvae (Hydropsychidae), and riffle beetle larvae (Elmidae). The reference site groups were also 
numerically dominated by blackfly larvae (Simuliidae) and riffle beetle larvae (Elmidae); however, 
high numbers of mayfly larvae (Leptophlebiidae) and midge larvae (Orthocladiinae) were also 
present. The Savage River control site group were also numerically dominated by blackfly larvae 
(Simuliidae), marsh beetle larvae (Scirtidae), riffle beetle larvae (Elmidae); however, high numbers of 
mayfly larvae (Leptophlebiidae), round worms (Oligochaeta) and midge larvae (Podonominae) were 
also present (Figure 3.24). 

Despite the differences in community composition, the only statistically significant difference was for 
Savage River site group compared with the reference site group (R= 0.52, p <0.05) and control site 
group (R= 0.527, p <0.05) in spring 2020. Based on the spring 2020 macroinvertebrate data, the 
Savage River site group community is numerically dominated by blackfly larvae (Simuliidae), riffle 
beetle larvae (Elmidae) and stonefly larvae (Gripopterygidae). Whilst the reference and Savage River 
control site groups were also numerically dominated by blackfly larvae (Simuliidae) and riffle beetle 
larvae (Elmidae) in addition to mayfly larvae (Leptophlebiidae), midge larvae (Orthocladiinae) and 
riffle beetle adults (Elmidae). The Savage River control site group also included high numbers of 
round worms (Oligochaeta). The shift in the relative abundance of these taxa (plus some contribution 
from all other taxa) is likely to have contributed to the significant separation in ordination space 
(Figure 3.24). This result was similar to 2011/12, when macroinvertebrate community composition in 
the Savage River site group was visually different in ordination space from reference and control sites 
although this separation was not statistically significant (Appendix H, Figure H.1).  

Earlier bioassessment surveys found a stronger separation in macroinvertebrate community 
composition between Savage River site group and reference sites using combined season data in 
2007/08 (R= 0.513, p < 0.05, Appendix H, Figure H.2) and 2001 (R= 0.631, p <0.05, Appendix H, 
Figure H.3). Similarly, macroinvertebrate community composition in Savage River site group was also 
statistically different in spring 2007 when compared to the reference site group (R= 0.731, p <0.05) 
and the Savage River control site group (R= 0.582, p <0.05) but not significant using single season 
data from 2001, 2008 and 2011/12.  
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The apparent decrease in separation between macroinvertebrate community composition in the 
Savage River site group and the reference and control sites suggest an improvement in 
macroinvertebrate composition in 2011/12 and 2020/21, particularly for sites D1, D2 and D3 within 
the mine site (Figure 3.25). The shift in community composition to being more similar to reference 
and control sites is also evident downstream from the mine lease, especially in 2020 when D4a is 
compared with historical data collected in spring (Figure 3.26).  

The macroinvertebrate community composition in Main Creek is also visually different in ordination 
space when compared with the reference and control sites in 2020/21 and was numerically 
dominated by caddisfly larvae (Conoesucidae and Hydropsychidae), which were in lower numbers in 
the reference and control sites (Figure 3.24). Based on the site groupings, the difference in 
macroinvertebrate community composition in the Main Creek site group was significantly different 
to the reference site group in spring 2020 (R= 1, p <0.05) and for the combined season data (R= 
0.873, p <0.05) but was not significantly different in autumn 2021 (Figure 3.24).  

 

 

Figure 3.24: MDS ordination plots of macroinvertebrate community composition in 2020/21 using 
the a) spring, b) autumn and c) combined season data. The curved line terminating with an arrow 

shows the trajectory of community change in relation to the control/reference sites in Savage River 
sites downstream from D1. The ellipse illustrates how the macroinvertebrate community 

composition in the Savage River control and reference site groups is similar in ordination space. 
Note: W3 excluded from the autumn 2021 plot due to high dissimilarity to all other sites 
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Figure 3.25: MDS ordination plot of macroinvertebrate composition using combined season data 
since 2001 for each Savage River site within the mine lease relative to the control/reference sites. 
The curved line terminating with an arrow shows the trajectory of community change in Savage 

River. The ellipse illustrates how the macroinvertebrate community composition in the Savage River 
control and reference site groups is similar in ordination space 
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Figure 3.26: MDS ordination plot of macroinvertebrate composition using a) spring and b) combined 
season data since 2001 for each Savage River site downstream from the mine lease relative to the 

control/reference sites. The curved line terminating with an arrow shows the trajectory of 
community change in Savage River. The ellipse illustrates how the macroinvertebrate community 

composition in the Savage River control and reference site groups is similar in ordination space 

The difference in the Main Creek and reference site groups was also significant different in spring 
2011 (R= 0.361, p <0.05), autumn 2012 (R= 0.361, p <0.05) and for combined season data from 
2011/12 (R= 0.556, p <0.05, Appendix H, Figure H.1). This analysis also included site M2 in 2011/12, 
which provided an additional replicate and would increase to power of the ANOSIM analysis in 
2011/12 when compared with 2020/21. Whilst there were not enough sites surveyed in 2007/08 and 
2001 in Main Creek to test for statistical significance, the visual difference in ordination space is 
evident in these years (Appendix H, Figure H.2 and Figure H.3).  

The improvement in the biological condition of Main Creek (see Section 3.1.1) is less evident in 
community composition despite the decrease in Bray-Curtis distance between Main Creek and 
reference sites. This suggests that sites in Main Creek are becoming more like the reference and 
control sites over time, but the composition of the Main Creek macroinvertebrate community 
remains different to the reference site group (Figure 3.27). 
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Figure 3.27: MDS ordination plot of macroinvertebrate community composition using combined 
season data since 2001 for each site within Main Creek in relation to the control/reference sites. The 
curved line terminating with an arrow shows the trajectory of community change in Main Creek. The 
ellipse illustrates how the macroinvertebrate community composition in the control and reference 

site groups is similar 

3.4.3 Macroinvertebrate abundance  

Savage River control sites and reference sites 

The mean total abundance and mean abundance of EPT taxa were not significantly different in 
2020/21 based on the spring, autumn, and combined season data. 

Savage River  

The mean total abundance of macroinvertebrate taxa in the Savage River site group was lower than 
the reference condition in 2020/21; however, there was high variation in abundance within the 
Savage River site group and between seasons (Figure 3.28). The abundance of macroinvertebrates in 
the Savage River control sites were not significantly different to the paired reference sites.  

The total abundance of macroinvertebrate taxa increased significantly in the Savage River site group 
in spring 2020 compared to spring 2011 (t (4) = -2.9, p = 0.043) with the inclusion of sites D4 (2011) 
and D4a (2020) but was not significant with this site pairing removed. The increase in total 
abundance in spring 2020 compared to spring 2011 is due to the large increase in total abundance at 
site D1 in spring 2020 (Figure 3.29). In addition, modest increases in total abundance at sites D2 and 
D3 in autumn 2021 compared to 2011/12 contributed to the increase in the mean combined season 
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total abundance in the Savage River site group compared to previous monitoring years. Total 
abundance at site D5 in spring 2020 was similar to spring 2011 (Figure 3.28; Figure 3.29).   

Despite the mean total abundance of macroinvertebrate taxa in the Savage River site group being 
lower than the Savage River control or reference sites in spring 2020 (Figure 3.28), the pairwise 
comparison of three test sites in the Savage River (D1, D3 and D5) with the Whyte River reference 
sites (W1, W2, and W3) was not significantly different.  

In autumn 2021, the mean total abundance within the Savage River site group was similar to the 
Savage River control site group and higher than the reference site group (Figure 3.28). Within the 
Savage River site group, the mean abundance of the combined season 2020/21 data was over two 
times higher than the mean abundance in 2011/12. However, this increase was not significant which 
may be due to the influence of high flows and reduced total abundance at site D5 in autumn 2021 
(Figure 3.28). As for spring, the pairwise difference in the three Savage River sites (D1, D3 and D5) 
with the corresponding reference sites in the Whyte River were not significant in autumn for the 
combined season data, suggesting that the productivity at these three test sites was also similar to 
the Whyte River reference condition in autumn 2021. This result is in contrast to DPIPWE (2012), 
which reported that mean total abundance at the three test sites in the Savage River (D1, D3 and D5) 
was significantly different to the corresponding reference sites in the Whyte River (based on 
combined season data). This indicates that productivity in Savage River has improved since 2011/12 
when compared with the reference condition.   

The mean abundance of EPT taxa (taxa associated with good river health) was three to four-fold 
higher within the Savage River site group in autumn 2021 and spring 2020 respectively compared to 
mean abundance during the previous surveys (Figure 3.30). However, there was considerable 
variation in EPT abundance within the Savage River site group in autumn 2021 (Figure 3.30; 
Figure 3.31). The increase in the abundance of EPT taxa within the Savage River site group was 
significant in spring 2020 compared to spring 2011 with sites D4 (2011) and D4a (2020) included 
(t (4) = - 4.13, p = 0.014) and also with this site pairing excluded (t (3) = -6.12, p = 0.009). The increase 
in the abundance of EPT taxa since 2011/12 was evident at all sites within the Savage River site group 
in spring 2020 and particularly evident at sites D1, D2 and D3 in autumn 2021 (Figure 3.31). EPT 
abundance decreased at site D5 in autumn which is probably due to high flows displacing 
macroinvertebrates downstream or the inability to collect a good sample under high flows 
(Figure 3.31).  

The pairwise difference between sites D1, D3 and D5 with the corresponding reference sites in the 
Whyte River for EPT abundance was insignificant in 2020/21 for spring, autumn and the combined 
season data and indicates that EPT abundance in the Savage River is similar to reference condition. 
This result is in contrast with DPIPWE (2012) which reported the pairwise difference between sites 
D1, D3 and D5 with the corresponding reference sites (based on combined season data) was 
significantly different. This suggests that productivity within EPT taxa has improved since 2011/12. 
However, elevated flows in autumn may also partly have influenced the patterns observed. That is, 
elevated flow at some of the reference sites and control sites in autumn 2021 may have resulted in a 
lower abundance of EPTs due to temporary displacement of macroinvertebrates under high flows 
Figure 3.30).   

In autumn 2021, total abundance and EPT abundance increased dramatically at D3 when compared 
with all other sites in the Savage River. This has not been observed previously and was driven by the 
high abundance of Scirtidae beetles and Hydropsychidae caddisfly larvae. 
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Main Creek 

The mean total abundance of macroinvertebrate taxa in the Main Creek site group was over 12 times 
higher than that recorded in 2011/12. The increase in total abundance of macroinvertebrate taxa in 
2020/21 was significant in autumn (t (1) = -14.9, p = 0.043) but not for spring or the combined season 
data. The non-significant result for total abundance is likely due to high variability between sites in 
2011/12 and the low sample number (the low sample size affects the power of the paired t- test 
statistic to detect a difference). The pairwise difference between the Main Creek site group and the 
two reference sites (H1 and W1) was insignificant, suggesting that the total abundance of 
macroinvertebrates in Main Creek is similar to reference condition. 

While there is a clear improvement in productivity in Main Creek in 2020/21, the number of site 
replicates has changed since 2011/12. Three sites were sampled in Main Creek in 2011/12 and 
included site M2 which is closer to the source of AMD. The inclusion of site M2 somewhat 
contributed to the lower mean value in 2011/12 compared to 2020/21 in Figure 3.28; however, the 
influence of site M2 on the mean total abundance of macroinvertebrates in Main Creek in 2011/12 
was negligible compared to the marked increase in mean total abundance of macroinvertebrates in 
2020/21. Site M2 is no longer accessible due to the construction of the SDTSF and inundation of Main 
creek upstream from the SDTSF. However, the patterns of mean abundance, and EPT abundance 
(discussed below), in Main Creek are consistent with the large improvement in river health scores in 
2020/21 compared to previous years (Section 3.3).      

The increase in mean abundance of EPT taxa was particularly pronounced in 2020/21 in Main Creek, 
demonstrating a dramatic improvement in the abundance of pollution sensitive taxa since 2011/12 
(Figure 3.30). As for total abundance, the increase in the abundance of EPT taxa since 2011/12 was 
only significant in autumn (t (1) = -28.46, p = 0.022). The non-significant result for total abundance 
was likely due to high variability between sites in 2011/12 and the low sample number reducing the 
power of the test. The pairwise comparison with two reference sites (sites H1 and W1) was not 
significant in spring, autumn or for the combined season data in 2020/21, which again is possibly due 
to the low statistical power of the paired t-test and the high variability in abundance at the reference 
sites attributed to the effects of high flows. 

The high total abundance and abundance of EPT in Main Creek in autumn 2021 was influenced by 
high numbers of Hydroptilidae and Conoesucidae caddisfly larvae. High abundance of Conoesucidae 
and Hydroptilidae have also been observed previously at other monitoring sites (Conoesucidae at C2 
in 2011/12 and site H1 in 2001; Hydroptilidae at H1 and W1 in 2001). This suggests that a patchy 
distribution of these taxa is normal; however, the high presence of macrophytes at site M3a may be 
another possible explanation given both these families feed primarily on algae and detritus. 
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Figure 3.28: Total abundance of macroinvertebrates (per 0.36 m2) in pooled, 20 % sub-sampled 
quantitative samples for spring, autumn and combined season from sites in the Savage River control, 

Savage River, Main Creek and reference site groups during monitoring in 2001, 2007/08, 2011/12 
and 2020/21. Error bars are 1 standard deviation 
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Figure 3.29: Comparison of change in macroinvertebrate abundance through time in Savage River 
site group based on spring (a), autumn (b) and combined season (c) data  
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Figure 3.30: Abundance of EPT macroinvertebrates (per 0.36 m2) in pooled, 20 % sub-sampled 
quantitative samples for spring, autumn and combined season from sites in the from sites in the 

Savage River control, Savage River , Main Creek and reference site groups during monitoring in 2001, 
2007/08, 2011/12 and 2020/21. Error bars are 1 standard deviation 
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Figure 3.31: Comparison of change in macroinvertebrate EPT abundance through time in Savage 
River site group based on spring (a), autumn (b) and combined season (c) data 
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3.4.4 Macroinvertebrate diversity 

Savage River control sites and reference sites 

The number of macroinvertebrate taxa in the Savage River control sites were not significantly 
different to the paired reference sites in spring 2020 or based on the combined season data 
(Figure 3.32). However, the number of macroinvertebrate taxa was higher in the control sites than 
the reference sites in autumn 2021 (t (1) = 39.95, p = 0.016), which was likely due to the high flow 
conditions in the reference sites in autumn 2021 (Figure 3.32).   

Savage River 

The mean number of macroinvertebrate taxa in the Savage River site group has increased since 
2011/12 showing that macroinvertebrate diversity has improved within and downstream from the 
mine lease (Figure 3.32). Interestingly, the mean number of macroinvertebrate taxa in the Savage 
River site group for spring and combined season data was higher in 2001 compared with 2011/12 
which was similar to 2007/08. The higher mean number of macroinvertebrate taxa in 2001 was also 
evident in the reference and Savage River control site groups, which Davies et al. (2008) attributed to 
higher rainfall during those years compared with 1997/98 (Figure 3.32).  

When compared with 2011/12, the increase in the mean number of macroinvertebrate taxa in the 
Savage River site group in 2020/21 was significant in spring with sites D4 (2011) and D4a (2020) 
included (t (4) = -2.94, p = 0.042) and excluded from the analysis (t (3) = -3.26, p = 0.047). Diversity 
was also significantly higher for the combined season data (t (3) = -4.28, p = 0.023) in 2020/21 
compared to 2011/12. The difference between the mean number of macroinvertebrate taxa in 
autumn 2012 and autumn 2021 was not significant, which was influenced by the low number of 
macroinvertebrate taxa at site D5 in autumn 2021 (Figure 3.33). The lower diversity at site D5 in 
autumn 2021 was likely due to high flows temporarily displacing taxa or through the inability to 
collect a representative sample under high flows.  

Diversity at sites D1, D3 and D5 were not significantly different to the corresponding reference sites 
in the Whyte River in 2020/21 in spring, autumn and based on the combined season data suggesting 
that macroinvertebrate diversity in Savage River is similar to the reference condition. This result is 
similar to DPIPWE (2012), which reported that based on the combined season data, sites D1, D3 and 
D5 were ‘almost significantly different’ (i.e. not significant) with the corresponding reference sites, 
demonstrating that macroinvertebrate diversity in Savage River was similar to the reference 
condition in 2011/12. 

The mean percentage of EPT taxa in the Savage River site group was similar to previous surveys and 
to the reference and Savage River control site groups and was not significant different (based on 
pairwise comparison) with 2011/12 (Figure 3.34). The percentage of EPT taxa in the Savage River 
control sites were not significantly different to the paired reference sites. The percent of EPT taxa 
was lower at site D5 in autumn 2021 compared with autumn 2012 due to high flows affecting the 
autumn sample (Figure 3.35). The pairwise comparison of sites D1, D3 and D5 with the corresponding 
reference sites in Whyte River was not significant suggesting that the percent of pollution sensitive 
taxa in Savage River was similar to the reference condition.  
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Main Creek 

There was nearly a fourfold increase in the mean number of taxa in Main Creek in 2020/21 compared 
to 2011/12 (Figure 3.32). The increase in the number of taxa since 2011/12 was significant in autumn 
(t (1) = -51.51, p = 0.012) but not for spring or the combined season data. The non-significant results 
for mean number of taxa was likely due to high variability between sites in 2011/12 and low sample 
number, which affects the power of the paired t- test statistic to detect a difference. The mean 
number of taxa in Main Creek in 2020/21 is similar to the reference and Savage River control site 
groups for the combined season data (Figure 3.32). The pairwise comparison of Main Creek sites with 
the two reference sites (sites H1 and W1) was not significantly different in spring, autumn or for the 
combined season data, suggesting that macroinvertebrate diversity in Main Creek was similar to 
reference condition in 2020/21.  

The mean percent of EPT taxa in the Main Creek site group was similar to 2011/12, with only a few 
percent increase in spring 2020 compared to spring 2011 (Figure 3.34).   
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Figure 3.32: Number of macroinvertebrate taxa (per 0.36 m2) in pooled, 20 % sub-sampled 
quantitative samples for spring, autumn and combined season from sites in the Savage River control, 

Savage River, Main Creek and reference site groups during monitoring in 2001, 2007/08, 2011/12 
and 2020/21. Error bars are 1 standard deviation 
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Figure 3.33: Comparison of change in the number of macroinvertebrate taxa through time in the 
Savage River site group based on spring (a), autumn (b) and combined season (c) data 
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Figure 3.34: Percent of macroinvertebrate EPT taxa (per 0.36 m2) in pooled, 20 % sub-sampled 
quantitative samples for spring, autumn and combined season from sites in the Savage River control, 

Savage River, Main Creek and reference site groups during monitoring in 2001, 2007/08, 2011/12 
and 2020/21. Error bars are 1 standard deviation 
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Figure 3.35: Comparison of change in the percent of EPT taxa through time in Savage River site group 
based on spring (a), autumn (b) and combined season data 
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3.4.5 Longitudinal patterns in macroinvertebrates 

Longitudinal patterns are evident in the Savage River macroinvertebrate metrics as the river flows 
through the mine site and downstream through the catchment. These longitudinal patterns reflect 
where point source discharges from the mine site enter the Savage River, how far downstream the 
impact extends, the mitigating influence of tributary inflows and the shift from a highland, cobble 
dominated river to a lowland, sand dominated river.  

Total abundance of macroinvertebrates and abundance of EPT taxa was typically higher at the 
upstream control sites (C1 and C2) as these sites are above the influence of mine operations. Since 
2007/08, total abundance and abundance of EPT taxa at D1 was typically higher than D2.  This is 
possibly due to the influence of point source discharge from the South Lens and Broderick Creek, and 
AMD seepage from Crusher Gully, which are the main discharge points of mine affected water into 
the river reach between sites D1 and D2. From 2001 to 2011/12, the influence of mine operations 
may also explain the decreasing total abundance and abundance of EPT taxa at site D3. This pattern 
was also evident in spring 2020 at site D3; however, in autumn 2021 the total abundance and 
abundance of EPT taxa increased markedly at site D3. The magnitude of the increase in autumn 2021 
also influenced the combined season data for total abundance and abundance of EPT taxa. This is the 
first indication of a seasonal improvement in these metrics at site D3 over the course of the SRRP 
since 2001 (Figure 3.36 and Figure 3.37). 

A gradual increase in total abundance and abundance of EPT taxa was evident at site D4 from 2001 
to 2011/12 and suggests a recovery in macroinvertebrate abundances in the mid-reaches 
downstream from the mine site. This recovery could not be compared in 2020/21 due to the 
inaccessibility of site D4 by helicopter; however, total abundance and abundance of EPT taxa was 
higher at site D4a in spring 2020. This indicates that the downstream recovery of macroinvertebrate 
abundance in the cobble mid-reaches of Savage River has continued since 2011/12. Total abundance 
and abundance of EPT taxa was typically lower at site D5 when compared with D4 in all years (with 
the exception of total abundance at site D5 in 2011/12, when high abundances of Elmidae larvae 
were sampled), which is likely due to the sand-dominated aquatic habitat and mobile riffle habitat 
under higher flows (Figure 3.36 and Figure 3.37).  

The diversity of macroinvertebrate taxa is also typically higher at the control sites, upstream of the 
mine (Figure 3.38). Except for 2007/08, the diversity of macroinvertebrate taxa increased between 
sites D1 and D2. In 2007/08, a significant flood may have affected the number of taxa at D2 (Tony 
Ferguson, pers comms; Figure 3.38). The number of macroinvertebrate taxa then decreases at site 
D3, which is the opposite pattern to the abundance metrics (Figure 3.34 and Figure 3.35). There is 
also some indication of the recovery of macroinvertebrate diversity in the mid-reaches of Savage 
River at site D4 and in the lower catchment at site D5 since 2001, although this recovery appears to 
be more pronounced in autumn (Figure 3.38). The number of taxa at site D4a in spring 2021 suggests 
that the mid-reaches are continuing to recover; however, similar to the abundance metrics, this 
improvement requires confirmation due to the inability to survey site D4 (or D4a) in autumn 2022 
(Figure 3.38). There are no clear longitudinal patterns in percent EPT in Savage River (Figure 3.39). 
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Figure 3.36: Macroinvertebrate abundance in quantitative samples from the Savage River between 
2001 and 2020/21 (per 0.36 m2) for spring (a), autumn (b) and combined season (c) relative to the 

distance downstream from the site D1. Note: D4a was only sampled in spring 2020  



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

  79 

 

 

 

Figure 3.37: The abundance of EPT macroinvertebrate taxa in quantitative samples from the Savage 
River between 2001 and 2020/21 (per 0.36 m2) for spring (a), autumn (b) and combined season (c) 

relative to the distance downstream from site D1. Note: D4a was only sampled in spring 2020   
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Figure 3.38: The number of macroinvertebrates taxa in quantitative samples from the Savage River 
between 2001 and 2020/21 (per 0.36 m2) for spring (a), autumn (b) and combined season (c) relative 

to the distance downstream from the site D1. Note: D4a was only sampled in spring 2020   
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Figure 3.39: The percent of macroinvertebrate EPT taxa in quantitative samples from the Savage 
River between 2001 and 2020/21 (per 0.36 m2) for spring (a), autumn (b) and combined season (c) 
relative to the distance downstream from the site D1. Note: D4a was only sampled in spring 2020  
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3.5 Fish community  

Outside of historical and any current mine related impacts on poor water quality, the key factors 
which determine the presence of fish and suitability of habitat in Savage River, Main Creek and 
reference sites are the influences of catchment position and the presence of introduced brown trout. 
Changes to the flow regime are unlikely to be an influence in Savage River as it retains the natural 
flow regime; however, flow regulation may influence the suitability of fish habitat in Main Creek 
(Section 3.1.2). The fish community in the reference rivers are also intrinsically linked to catchment 
position and the presence of brown trout (Salmo trutta).  

Interpretation of the historical and current fish data requires an understanding of how the above-
mentioned factors influence fish communities in Tasmania. Thus, Section 3.5.1 describes how the life 
histories and habitat preferences of native fish in the Savage and reference sites shape the 
longitudinal distribution of species and the complicating influence of competition and predation from 
brown trout. Section 3.5.2 discusses potential barriers to the movement of fish in Savage River and 
the reference catchments before evaluating the patterns of historical and current fish diversity 
(Section 3.5.3) and abundance (Section 3.5.4). 

3.5.1 Life histories and catchment distribution 

A common global pattern in flowing waters is for fish diversity to be highest in lowland reaches near 
the coast and to decrease with rising elevation in the middle and upper reaches (Horowitz 1978). This 
pattern occurs because many of the species adapted to the lower energy habitats in the lower 
reaches are not suited to the higher flow energy habitats further upstream. Lowland species are also 
not usually adapted to moving upstream into higher gradient reaches where instream barriers often 
occur in areas of high-water velocity and where vertical barriers are present (cascades and 
waterfalls) (Matthews 1998).  

A fish survey in 2015 of near natural, reference type locations on the west coast of Tasmania 
demonstrated this longitudinal pattern in riverine native fish communities in Tasmania, finding more 
diverse and abundant native fish communities in the lower reaches of the Tarkine region and 
demonstrating the natural patterns in riverine fish fauna in this region (Hardie 2015). The 2015 
survey found up to four native species at relatively high abundance (mostly > 40 fish per 20 min of 
fishing effort) at sites < 100 mASL while no fish or only one species were recorded at sites >350 mASL 
with a low abundance (< 6 fish per 20 minutes of fishing effort) (Hardie 2015).  

The survey sites for the bioassessment provide a range of different habitats from lowland 
watercourses a few metres above sea level to sites in the upper catchment several hundred metres 
above sea level (Table 2.1; Figure 2.3). The sites low in the catchment (sites D5 and W3) provide 
lower flow energy with the resulting depositional habitats dominated by slow flowing runs and 
backwaters, sand/gravel substrates and abundant instream large woody debris. The sites in the 
middle catchment (D4 and W2) are transitional in habitat between lowland sites and the higher 
gradient/energy sites in the upper catchment (sites D3 to C1 in the Savage River and reference sites 
W1, H1 and Dn1), which are watercourses dominated by riffles and faster runs, with mainly cobble 
and boulder substrate (Table 2.1; Appendix B).  

The presence of introduced brown trout (Salmo trutta) is another significant factor which shapes the 
distribution of native fish in Tasmania. Brown trout (Salmo trutta) can displace native fish or 
dominate the local abundance by outcompeting for habitat space and through directly predating on 
the native fish (Crowl et al. 1992). Brown trout are present in the catchments of Savage River and all 
of the reference rivers. 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

  83 

A total of eight native and one introduced fish species have been recorded since the bioassessments 
began and all are typical of those expected in western Tasmanian rivers (Table 3.5). Some of the 
species recorded have habitat preferences and distributions which are limited to lowland rivers or 
whose upstream extent is limited by vertical barriers (cascades and waterfalls) or by high water 
velocity (chutes and rapids). The fish species associated with lowland rivers and streams include: 

• Jollytail (Galaxias maculatus): widespread in coastal streams in Tasmania where it is associated 
with the lower reaches (Fulton 1990). Adults migrate downstream in autumn to breed in 
estuaries with juveniles migrate upstream in spring where they are part of the annual 
whitebait run. 

• Spotted galaxias (Galaxias truttaceus): common throughout Tasmania forming riverine and 
landlocked populations. Similar breeding behaviour to jollytail. In rivers, spotted galaxias are 
most often found in areas of low flow energy or near large woody debris and aquatic 
vegetation. 

• Freshwater sandy (Pseudaphritis urvillii): native to coastal streams throughout Tasmania and 
tolerates salt and freshwater conditions (Fulton 1990). Can push a long distance upstream 
where significant barriers are absent (Koster and Raadik 2010).  

In addition to the species listed above, Australian grayling (Prototroctes maraena) and introduced 
brown trout occur in lowland rivers and streams but can penetrate a long way inland until vertical 
barriers of sufficient height prevent their upstream movement. Introduced trout can obtain 
significantly larger body size than Australian grayling and have a greater ability to leap or swim 
through low vertical barriers. Also, brown trout outcompete and predate on Australian grayling and 
thus they may limit the distribution of this native species in the study catchments (Backhouse et al. 
2008).  Brown trout can often penetrate long distances upstream due to their strong 
swimming/leaping ability and therefore this species is likely to be the only non-climbing species 
which has reached the upper catchment sites of the Savage and reference rivers.   

Four native migratory fish species have been recorded which can penetrate upstream into headwater 
systems due to their ability to climb past (or around) vertical barriers, these include: 

• Climbing galaxias (Galaxias brevipinnis): has the ability to climb wet vertical surfaces by using 
its pectoral and pelvic fins to clasp to the rock (McDowall 1996) 

• Short-finned eel (Anguilla australis): adult and juvenile eels are capable of moving over wet 
ground around instream barriers and juvenile eels can also climb the wet vertical surfaces of 
cascades and waterfalls (Humphries and Walker 2013) 

Pouched lamprey (Geotria australis) and shortheaded lamprey (Mordacia mordax): mature adults 
migrate upstream to spawn in spring and are capable of climbing wet vertical surfaces (Humphries 
and Walker 2013). After developing and metamorphosing in freshwater the young adults migrate 
downstream during winter (McDowall 1996)  
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Table 3.5: Fish species recorded at the survey sites over the entire SRRP bioassessments (1998 – 2021). Fish categorised by climbing and ability to pass 
over instream barriers. Sites are listed in order from lower to upper catchment (i.e. distance from junction with the Pieman River). 

Location Sites 

Distance 
from 

Pieman 
River (km) 

Elevation 
(mASL) 

Climbing ability or good ability to pass vertical barriers and rapids 
Non-climbing and poor ability to pass 

vertical barriers or rapids 
Total 

species 

Short-
finned eel 

(A.  
australis): 

Pouched 
lamprey  

(G.  
australis) 

Shortheaded 
lamprey  

(M. 
 mordax) 

Climbing 
galaxias  

(G. 
 brevipinnis) 

Larval 
lamprey 

Brown 
trout  

(S. 
 trutta) 

Jollytail  
(G.  

maculatus) 

Spotted 
galaxias  

(G.  
truttaceus) 

Australian 
grayling  

(P.  
maraena)  

Freshwater 
sandy  

(P. 
 urvillii) 

 

Sa
va

ge
 R

iv
e

r 

D5 2 1 
✓  ✓   

✓ ✓ ✓  ✓ 6 

D4/4a 10 - 19 12/45 ✓ ✓ ✓ ✓  ✓ ✓ ✓  ✓ 8 

Main Creek  215 506           0 

D3 33 93 ✓ ✓    ✓     3 

D2 35.5 106    ✓  ✓     2 

D1/D1a 36.5-37.5 112 ✓ ✓ ✓   ✓     3 

C1 & C2 48 162 ✓   ✓  ✓     3 

R
e

fe
re

n
ce

 

W3 2.7 3 ✓ ✓ ✓ ✓  ✓ ✓ ✓  ✓ 8 

W2 15 28 ✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓ ✓ 9 

Dn1 27 175 ✓   ✓ ✓ ✓     4 

H1 47 207 ✓  ✓   ✓    ✓ 4 

W1 54 312      ✓     1 

 

5 Distance to junction of Main Creek and Savage River 
6 Elevation at junction of Main Creek and Savage River 
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3.5.2 Identification of instream barriers in the survey rivers 

In addition to the types of habitats present at the survey locations, the potential for the non-
climbing, weaker swimming species to be at the sampling sites would be determined by the 
downstream presence of any barriers to their upstream movement. The following assessment of 
potential areas of rapids or falls which may provide barriers to upstream fish movement is based on 
examination of contours; aerial imagery on public map layers; and the available digital elevation 
model (DEM)7: 

Savage River 

• The two most downstream sites on Savage River are at low elevation (site D5 < 10 mASL; site 
D4 < 20 mASL) where there are no high gradient sections in the 10 km reach downstream from 
D4 to the junction with the Pieman River.  

• The contour lines do not show any dramatic changes in river gradient between sites D4 and D3 
(90 mASL); however, rapids are marked on the 1:25000 TASMAP between the 20 and 30 m 
contours which may represent a complete or partial water velocity barrier to the upstream 
movement of spotted galaxias, jollytail, freshwater sandy, and Australian grayling. Available 
aerial imagery also suggests areas of broken, high velocity river flow through this reach.  

• Site D4a was sampled in 2020/21 because the usual D4 site was not accessible. Site D4a is nine 
kilometres upstream from D4 at approximately 33 mASL. As discussed below, the absence of 
lowland fish species at site D4a but their presence at site D4 may also suggest that this area 
marked as rapids is at least a partial barrier to upstream movement.  

Main Creek 

• There is no clear indication of falls from map contours although a steep section may occur near 
the mouth of the creek as indicated by sharp rise in elevation on the DEM from approximately 
68 to 87 mASL (Figure 2.3). Heavy canopy masks most of the creek from the available aerial 
imagery.  

Reference sites 

• Whyte River: Sites W3 (< 10 mASL) and W2 (~ 30 mASL) occur in the lower reaches where 
there are no high gradient sections of channel in the 14.5 km upstream from the junction with 
the Pieman River. Site W1 is at approximately 320 mASL (55 km upstream from the Pieman 
River junction) and there are several high gradient sections including falls between 150 and 
190 mASL which are likely impassable to fish with weak swimming/jumping ability or non-
climbing fish species. 

• The Heazlewood River enters the Whyte River at approximately 100 mASL. There are no 
obvious falls or rapids in the Whyte River below the junction or in the 17 km of the 
Heazlewood River upstream from the junction to site H1 at 210 mASL.  

• The Donaldson River flows directly into the Pieman River with site DNn1, 27 km upstream from 
the junction at approximately 170 mASL. The river slope increases rapidly between 40 and 50 
mASL (Figure 2.3) which may provide areas of high velocity or a vertical barrier to the 
upstream movement of some fish species. 

 

7 Caution is needed interpreting the DEM as the available model has coarse resolution (12 m2 grid size) and 
may not provide an accurate assessment of riverbed slope and potential fish barriers. 
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None of the fish classed as non-climbing, or with poor ability to pass vertical barriers or rapids, have 
been recorded in the Savage River upstream of site D4 or in the Whyte River upstream of site W2 
(Table 3.5). This suggests that the area of rapids and or falls identified above may represent total or 
partial barriers to these native fish. Similarly, the only non-climbing species recorded in the 
Donaldson River are brown trout, which are excellent swimmers capable of migrating past rapids and 
low vertical barriers. However, as discussed, brown trout also outcompete native fish and their 
presence may also preclude some native fishes from these upstream reaches. Site assessments of 
instream barriers, and fish surveys upstream and down of them, would be required to investigate 
this further. Recommendations for further assessment of fish barriers are provided in Section 4.2. 

3.5.3 Species diversity 

Seven native species and one introduced species (brown trout) have been recorded in Savage River 
over the course of the SRRP (Table 3.5). The same species have been recorded in the reference rivers 
with addition of Australian grayling which was recorded on a single occasion in the middle Whyte 
River (W2) during the autumn 2008 survey (Table 3.5). Brown trout have been by far the most 
commonly recorded species across all sites and dates, particular for sites in the middle and upper 
reaches. No fish have ever been recorded in Main or Broderick creeks as part of the bioassessments.  

There is a clear negative relationship between increasing elevation and fish diversity for all the 
monitoring sites (Figure 3.40). Over the entire biomonitoring project, six to nine species have been 
recorded at sites < 30 mASL (D4, D4, W3 and W2); sites between approximately 90 and 200 mASL 
have recorded two to four species (D3, D2, D1, C2, C1, Dn1 and H1); and W1, the highest site at 300 
mASL has only recording a single species (Figure 3.40). This pattern is consistent with the results of 
Hardie (2015) from nearby catchments in the Tarkine region where up to four fish species were 
recorded at sites < 100 mASL, one to three species between 100 and 300 mASL and one species > 300 
mASL. 

The evidence for improved water quality conditions resulting in a greater diversity of fish in Savage 
River is limited, although the 2020/21 survey recorded eels and lamprey at sites within the mining 
lease which have not previously been recorded at these sites. 

Savage River 

Within Savage River, the two sites lower in the catchment, and which are downstream of the mining 
lease (D4 and D5), have consistently recorded higher fish diversity than the three sites within the 
mine lease (D1, D2 and D3) and upstream of the mine lease (C1, C2) (Figure 3.41; Table 3.5). This is 
consistent with the global (and Tasmanian) pattern of higher fish diversity in lowland reaches than 
those higher in the catchment (Section 3.5.1). 

Four native fish species were recorded in Savage River at the sites within and upstream of the mining 
lease: short-finned eels, shortheaded and pouched lampreys and climbing galaxias which all have the 
ability to climb over or around instream barriers (Section 3.5.1; Table 3.5). These native species have 
been recorded sporadically and in low numbers at these sites over the duration of the SRRP (Section 
3.5.4). For example, the only native species recorded in the 2020/21 survey within and upstream of 
the mining lease were short-finned eels and shortheaded lampreys. However, the apparent low 
abundance of native fish suggests that a single 20-minute electrofishing pass at each site may have a 
high probability of missing species during any single survey season. 
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Figure 3.40: Relationship between fish species richness and elevation (mASL) at survey sites which 
have been sampled on at least two occasions (excludes site D4a). Relationships are represented using 

polynomial regression.  

 

Figure 3.41:  Diversity of fish captured in the Savage River and reference sites during monitoring in 
1998, 2001, 2007/08 2011/12 and 2020/21. Monitoring data for spring and autumn are pooled and 
averaged for 2001, 2007/08 and 2011/12; note sampling was only conducted on single occasion in 

1998. The 2020/21 data for the D4 site group was from nearby site D4a.  
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In addition to the native climbing species discussed above, native non-climbing species recorded at 
Savage River sites downstream of the mining lease (sites D4 and D5) are jollytail, spotted galaxias and 
freshwater sandy. Brown trout have been recorded at all Savage River Sites (Table 3.5). 

There is limited evidence for improved water quality conditions resulting in increased fish diversity 
within Savage River as diversity has remained similar over the five bioassessment periods undertaken 
since 1998 at the Savage River within and downstream from the mine lease and Savage River control 
sites (Figure 3.41). However, two native species were recorded in 2020/21 for the first time at sites 
within and upstream of the mining lease (pouched lamprey at sites D1 and C2 and short-finned eel at 
site D3) (Appendix I). This may reflect improved water quality encouraging these species to inhabit 
these reaches; however, it is also possible that these species have been present during previous 
surveys but were undetected due to their low abundance. 

Sampling efficiency is another factor which is likely to have affected the bioassessments. For 
example, the Savage River sites are difficult to sample efficiently as many areas are too deep to 
wade, particularly during higher flows. Difficulty in surveying efficiently and a low fish abundance, 
reduce the ability of the bioassessments to separate any habitat/water quality patterns affecting fish 
communities from vagaries in survey conditions within and between sites.  

Main Creek 

The reason for the apparent absence of fish in Main Creek is unclear; however, the two most obvious 
explanations are that 1) poor water quality deters fish from entering from Savage River or it is too 
toxic to sustain fish; or 2) that there are barriers to migration along the creek which has prevented 
upstream migration.  

The ecotoxicology assessment indicates that water quality (Section 3.6) has improved between 
2011/12 and 2020 to a degree which is unlikely to be toxic to fish although the potential still exists 
that the water quality coming out of Main Creek is still a behavioural deterrent to fish entering from 
Savage River.  

Barriers to upstream migration could easily explain the absence of brown trout which are proficient 
jumpers of low vertical barriers but waterfalls or cascades of sufficient height (determined by 
hydraulic conditions below the barrier and the size of the fish attempting to pass it) will prevent their 
upstream passage. Waterfalls are less likely to prevent climbing galaxias from moving upstream; 
however, climbing galaxias have only been recorded in low numbers in Savage River and have not 
been recorded at any Savage River sites since 2007/08.  

It is also possible that fish are present in Main Creek but have been undetected during the surveys.  
Main Creek provides excellent conditions for electrofishing as all areas of the channel are wadable; 
however, even under ideal conditions, a single 20-minute electrofishing survey could record no fish if 
the population is low.  

Other potential reasons are that regulated flow conditions in Main Creek has reduced high flow clues 
which encourage species to enter the creek. However, while a lower occurrence of high flows might 
reduce colonisation, the hydrology records indicates that periods of elevated flow still occur (Section 
3.1.2) and thus reduced high flow cues are unlikely to completely exclude fish from the creek.  

Recommendations for future assessments of the suitability of Main Creek for fish are provided in 
Section 4.4. 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

  89 

Reference sites 

Fish diversity has remained similar within the reference sites over the course of the SRRP 
(Figure 3.41). The only notable exception to this is in the Donaldson River (Dn1) in 2020/21 when 
single specimens of three native species were recorded (short-finned eel, climbing galaxias and an 
unidentified larval lamprey). The single previous survey at this site in 2011/12 recorded only brown 
trout.  

Within the Whyte River, the pattern of decreasing diversity with distance upstream occurred as for 
the Savage River sites (Table 3.5). Eight and nine species were been recorded at W3 and W2, 
respectively, over the entire SRRP (Table 3.5) and never fewer than four species during any single 
monitoring period; however, brown trout have been the only species recorded at the most upstream 
site (W1) (Table 3.5; Figure 3.41). 

3.5.4 Abundance 

The 2020/21 data shows a trend for increasing fish abundance at the Savage River sites within and 
downstream of the mine lease. For sites within the mine lease this was driven mainly by increasing 
numbers of introduced brown trout. The abundance of native fish in 2020/21 was higher than in 
previous years at site D5 downstream from the mine lease. Increased fish abundance might be due 
to improved water quality in Savage River and Main Creek; however, further monitoring data is 
required to assess whether this is a consistent trend. 

Savage River 

As occurred for fish diversity, fish abundance has tended to be highest at the two most downstream 
sites from the mine lease (sites D4 and D5) (Figure 3.42). Sites D4 and D5 are also downstream of 
potential high gradient/high energy river sections above 20 mASL (Section3.5.2) and these sites are 
the only Savage River sites where non-climbing native species typically associated with 
coastal/lowland rivers have been recorded (Section 3.5.3). At sites D4 and D5, the greater abundance 
of native fish species is reflected in the substantially lower percentage that brown trout comprise of 
the total abundance for every survey period (Figure 3.43).  

From sites D3 and upstream to C1/2, fish abundance was dominated by brown trout in 2020/21 
(Appendix I) and all previous bioassessment periods (Figure 3.43). The pattern of increasing diversity 
and abundance of fish with decreasing elevation is common and has previously been observed for 
nearby catchments on the west coast (Hardie 2015).  

The relative abundance of fish increased in 2020/21 at the three Savage River sites within the mine 
lease (sites D1, D2, and D3) compared to previous surveys (Figure 3.42). The greatest increase in 
abundance occurred at site D1 where catch per unit effort increased from 3.8 in 2011/12 to 14.7 in 
2020/21. The increase in abundance at sites D1, D2 and D3 was nearly entirely due to higher 
numbers of brown trout with the abundance of native fish remaining very low (Appendix I).  

Upstream of the mining lease, sites C1/2 have consistently had very low abundance with fewer than 
3 fish per 15 minutes of fishing effort over the last three monitoring periods (Figure 3.42). As for sites 
within the mining lease, brown trout have dominated the fish community at C1/2.  

Downstream from the mine lease, abundance at site D5 was also notably higher than during previous 
surveys with a catch per unit effort of 27.3 from the spring 2020 survey (high flows prevented the 
fish survey in autumn 2021 at this site) compared to 3.8 in 2011/12 (Figure 3.42). At site D5, a higher 
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number of freshwater sandies and jollytails dominated the abundance in 2020/21. The abundance at 
site D4a was similar to most previous surveys recorded from the site D4 which has been the historical 
site sampled approximately 5 km further downstream from site D4a. Unlike site D4, which has 
historically recorded a number of native species, the abundance at site D4a was dominated by brown 
trout in spring 2020 (neither D4 nor D4a could be sampled in autumn 2021) with only a single 
pouched lamprey recorded otherwise (Appendix I.1). 

Reference sites 

The abundance of fish recorded at the reference sites in 2020/21 was similar to or lower than 
previous assessments for most sites (Figure 3.42).  

The dominance of brown trout was even greater at reference sites in the upper catchments (site W1, 
DN1 and H1) than was observed at the upper Savage River sites over the entire SRRP (Figure 3.43). 
For example, brown trout have been the only fish ever recorded at Whyte River site W1 and have 
comprised over 90% of total abundance at the Heazlewood site (H1). As for the lower Savage River 
sites, native fish have formed the majority of the abundance at the two reference sites lower in the 
Whyte River catchment (W2 and W3) (Figure 3.43). 

 

Figure 3.42: Relative abundance of fish captured in the Savage River and reference sites during 
monitoring in 1998, 2001, 2007/08, 2011/12 and 2020/21. Monitoring data for spring and autumn 
are pooled other than for 1998 where only a single season was surveyed. The 2020/21 data for the 

D4 site group was from nearby site D4a.  
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Figure 3.43: Percentage abundance of introduced brown trout to native fish abundance at Savage 
River sites <20 mASL (sites D4 and D5), Savage River sites >20 mASL (sites D3, D2, D1, C1/2), 

reference sites <30 mASL (sites W2 and W3) and reference sites >30 mASL (Sites W1, H1 and Dn1). 

3.6 Ecotoxicology assessment 

3.6.1 Toxic potential utilising current guidelines 

The comparison of metal concentrations against the ANZECC (2000) default guidelines for toxicity 
concentrations provides a basic guide to understanding the potential toxicity of dissolved metals in 
an aquatic environment. However, local and/or changing chemistry can alter the bioavailability of 
metals through organic and inorganic complexation, chemical speciation or through biological 
mechanisms on gill sites that limit uptake, particularly at higher alkalinity (Davies et al 1993). Thus, 
default guideline concentrations are unlikely to adequately identify the potential for toxicity due to 
the influence of local conditions on bioavailability and uptake.   

The current toxicity guidelines utilised by the SRRP to assess the potential toxic impact of dissolved 
metals uses a combination of copper concentration and alkalinity or calcium concentration.  These 
guidelines consider one factor, alkalinity, that will reduce potential uptake and toxicity of copper.  
These guidelines were developed using experimental toxicological studies undertaken by Davies et al 
(2001) on fish and Eriksen (2002) on the daphnid Ceriodaphnia dubia.  These authors tested copper 
at differing alkalinity and calcium concentrations, to provide guidelines that take into account the 
locally variable alkalinity and its effect on toxicity.  Only copper was tested in these experiments, as it 
was considered the metal likely to be at toxic concentrations.  

The copper and calcium data indicate that for the period from 2010 to 2021, all samples collected at 
sites D1, D3 and D5 in Savage River were below both the fish and Ceriodaphnia toxicity guidelines, 
with copper concentrations in 2020/21 generally lower than previous years (Figure 3.44 to 
Figure 3.46).   
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For Main Creek, the data indicate that in 2011/12 just over 50% of the samples collected exceeded 
the fish toxicity guideline, and nearly 60% exceeded the Ceriodaphnia guideline (Figure 3.47). In 
2020/21 this had reduced to the point where all samples were below both toxicity guidelines 
(Figure 3.47).  

This suggests that, under the current toxicity guidelines, the current water quality of Savage River 
and Main Creek is conducive to supporting healthier fish and macroinvertebrate communities than 
historic.    

 

Figure 3.44: Copper concentration versus calcium concentration for site SRaPS (D1 bioassessment 
site equivalent).  The red line indicates the fish toxicity guideline (Davies et al 2001). The black line 

indicates the Ceriodaphnia toxicity guideline (Eriksen 2002) 

 

Figure 3.45: Copper concentration versus calcium concentration for site SRbSWRD (D3 bioassessment 
site equivalent).  The red line indicates the fish toxicity guideline (Davies et al 2001). The black line 

indicates the Ceriodaphnia toxicity guideline (Eriksen 2002) 
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Figure 3.46: Copper concentration versus calcium concentration for site SRaSR (D5 bioassessment 
site equivalent).  The red line indicates the fish toxicity guideline (Davies et al 2001). The black line 

indicates the Ceriodaphnia toxicity guideline (Eriksen 2002) 

 

Figure 3.47: Copper concentration versus calcium concentration for site MCbSD (M3a bioassessment 
site equivalent) using two y-axis scales to assist visualising the 2011/12 and 2020/21 data.  The red 

line indicates the fish toxicity guideline (Davies et al 2001). The black line indicates the Ceriodaphnia 
toxicity guideline (Eriksen 2002) 
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3.6.2 Macroinvertebrates and metals  

Analysis of relationships between the maximum and median concentrations of dissolved metals 
recorded and macroinvertebrate metrics (Figure 3.48 to Figure 3.57 ) supports the conclusion from 
the analysis of the toxicity guidelines (Section 3.6.1) that reducing metal concentrations is likely to 
result in improved biological condition.  There were similar clear correlations between the reduction 
in copper maximum and median values and improved macroinvertebrate condition seen over the 
bioassessments (Figure 3.48, Figure 3.49).  There were also correlations with metals (maximum and 
median values) that have had concurrent declines in concentration with copper; particularly cobalt, 
nickel and zinc (Figure 3.50 to Figure 3.54), but also aluminium (Figure 3.56).  

The O/E and diversity metrics had a moderate to strong negative correlation with the logarithm of 
the concentration of copper, cobalt, nickel and zinc (Figure 3.48 to Figure 3.55).  Some of these 
correlations of O/E and diversity metrics were strongly influenced by the water quality and 
bioassessment values in Main Creek.  The two points with extremely high metal concentrations and 
very low biometric values at sites M3 and M3a increased the R-squared value of all correlations.  In 
the absence of these data, the correlations were weakened, in some cases substantially.   

For aluminium (Figure 3.56, Figure 3.57), the correlation with O/E and diversity metrics is driven most 
strongly by the Main Creek values at sites M3 and M3a. Examination of the Savage River data 
indicates that there is no correlation between the concentration of this metal and macroinvertebrate 
bioindicators in the maximum or median concentration range observed in Savage River (Max range: 
216-827 g/L, Median range: 100-300 g/L). This suggests that the concentrations of aluminium in 
Savage River are unlikely to be negatively impacting upon the macroinvertebrates bioindicators.   

The other metrics of EPT abundance and total abundance had moderate to strong negative 
correlations with maximum and median values of copper, cobalt and nickel (Figure 3.48, Figure 3.49, 
Figure 3.52, Figure 3.53, Figure 3.54, Figure 3.55). Most of these correlations were with log 
transformed biometric and log transformed metal data, with the exception of the negative 
correlation between the total abundance and logarithm of cobalt median values (Figure 3.48 to 
Figure 3.57). The EPT abundance and total abundance metric correlations with copper, cobalt and 
nickel were also highly influenced by the values in Main Creek, with only one moderate correlation 
being observed in the absence of these data (i.e. Savage River data only) in the analysis. The EPT 
abundance and total abundance metrics did not have any strong correlation with zinc, though there 
was a weak tendency to higher biometric values at lower metal concentrations. EPT abundance 
correlated with maximum and median aluminium values on a log-log plot (Figure 3.56, Figure 3.57), 
with these correlations driven by the Main Creek EPT abundance and aluminium values. The Savage 
River data alone had no correlation between aluminium and EPT abundance, which, as above, 
suggests that the concentrations of aluminium in Savage River are unlikely to be negatively impacting 
upon the macroinvertebrates bioindicators. 

The role of the reductions in concentrations of cobalt, nickel and zinc in the improved biological 
condition is not clear, as these metal concentrations co-vary with copper (Figure 3.58).  
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Figure 3.48: Maximum dissolved copper concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a and M3) from 1997/98 to 2020/21.  Black points = 
Savage River sites, red points = Main Creek.  Green fitted lines = all data, blue fitted line = Savage River data 

only 

 

Figure 3.49: Median dissolved copper concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a and M3) from 1997/98 to 2020/21.  Black points = 

Savage River sites, red points = Main Creek.  Green fitted line = all data. 
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Figure 3.50: Maximum dissolved zinc concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = Savage 
River sites, red points = Main Creek.  Green fitted lines = all data, blue fitted line = Savage River data only 

 

 

Figure 3.51: Median dissolved zinc concentration plotted against macroinvertebrate metrics for sites SRaPS 
(D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = Savage River 

sites, red points = Main Creek.  Green fitted lines= all data, blue fitted line = Savage River data only 
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Figure 3.52: Maximum dissolved cobalt concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = Savage 
River sites, red points = Main Creek.  Green fitted lines = all data, blue fitted line = Savage River data only 

 

 

Figure 3.53: Median dissolved cobalt concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = Savage 
River sites, red points = Main Creek.  Green fitted lines = all data, blue fitted line = Savage River data only 
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Figure 3.54: Maximum dissolved nickel concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = Savage 
River sites, red points = Main Creek.  Green fitted lines = all data, blue fitted line = Savage River data only 

 

 

Figure 3.55: Median dissolved nickel concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = Savage 
River sites, red points = Main Creek.  Green fitted lines = all data, blue fitted lines = Savage River data only 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

  99 

 

Figure 3.56: Maximum dissolved aluminium concentration plotted against macroinvertebrate metrics for 
sites SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = 

Savage River sites, red points = Main Creek.  Green fitted lines = all data, blue fitted line = Savage River data 
only 

 

Figure 3.57: Median dissolved aluminium concentration plotted against macroinvertebrate metrics for sites 
SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and MCbSD (M3a) from 1997/98 to 2020/21. Black points = Savage 

River sites, red points = Main Creek.  Green fitted line = all data 
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Figure 3.58: Copper median concentrations plotted against cobalt, nickel, zinc and aluminium for the 
twelve-month periods prior to biological monitoring at SRaPS (D1), SRbSWRD (D3), SRaSR (D5) and 

MCbSD (M3a) from 1997/98 to 2020/21 

3.6.3 Fish and metals 

Fish abundance also had some moderate correlations with metal concentrations that support the 
indication of the copper/alkalinity toxicity guideline (Section 3.6.1) that current reductions in copper 
concentrations in the Savage River are conducive to supporting populations of fish.  The plots 
indicate that reductions in copper, and perhaps other metals, are likely drivers of the improvements 
observed in fish abundance over the course of the SRRP (Figure 3.59, Figure 3.60).  The co-variance of 
zinc, nickel and cobalt with copper (Figure 3.58) means that it is difficult to determine if reductions in 
these metals have been drivers of improvements in fish abundance.   

The strongest correlations of fish abundance were with copper and zinc maximum concentration 
(Figure 3.59) and zinc median concentration (Figure 3.60).  All other correlations for fish abundance 
with metals were weak (Figure 3.59, Figure 3.60).   

As with macroinvertebrates, aluminium concentration showed no trend or correlation with fish 
abundance maximum or median values.  This suggests that fish in the Savage River will not be 
impacted by aluminium concentrations in the observed range of 216-827 g/L. 
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Figure 3.59: Maximum dissolved metal concentration plotted against fish abundance (CPUE) data for 
sites SRaPS (D1), SRbSWRD (D3), SRaSR (D5) from 1997/98 to 2020/21 
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Figure 3.60: Median dissolved metal concentration plotted against fish abundance (CPUE) data for 
sites SRaPS (D1), SRbSWRD (D3), SRaSR (D5) from 1997/98 to 2020/21 
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4. Discussion and recommendations 

The discussion is structured to specifically address and provide recommendations against the aims of 
this bioassessment project based on the historical and 2020/21 surveys. The recommendations in 
this section are intended to provide guidance for the future SRRP bioassessments by:  

• Improving the collection of survey data to answer key questions, knowledge gaps and 
logistically issues. 

• Provide monitoring targets (acceptable limits of change, targets or triggers) to meet the aims 
of the bioassessment and support the broader SRRP. 

• Identifying monitoring requirements to inform future remediation opportunities and/or 
requirements.  

4.1 Abundance and diversity of the macroinvertebrate community 

Project aim: Determine if the abundance and diversity of the benthic macroinvertebrate community 
in 2020/21 (as an indicator of river health) is stable or improving within the Savage River and Main 
Creek catchments within and downstream of the Savage River mine lease. 

4.1.1 Influence of water quality changes 

The improvement in water quality in Savage River observed from 2016 is likely a continuation of the 
general decline in the concentration of most metals since the construction of Broderick Creek Waste 
Rock Dump alkaline flow-through, the B Dump cover and the North Dump Drain. Koehnken (2014) 
also suggests that this decline may be due to decreasing copper from the Old Tailings Dam and North 
Dump Drain. This improvement in water quality (and associated decreased ecotoxicity) is likely 
contributing to the modest increase in river health in riffle and edgewater habitats in Savage River 
(Section 3.2).  

The quantitative data for Savage River in 2020/21 also showed a partial shift in macroinvertebrate 
community composition to closer resemble control and reference sites with an increase in 
macroinvertebrate abundance (total abundance), abundance of pollution sensitive taxa (EPT 
abundance) and macroinvertebrate diversity. However, electrical conductivity remains elevated in 
the Savage River within and downstream of the mine lease and may influence the continued 
improvement in macroinvertebrate community composition towards reference condition (Kefford 
1998) (Section 3.4).   

The completion of the SDTSF underflow drain in 2015 and filter face in 2018 was a significant 
infrastructure solution to capture tailings and improve water quality in Main Creek by filtering mine 
tailings water through a rock-face filter and alkaline rock flow-through. This improvement in water 
quality has reduced the bioavailability of toxic concentrations of metals (Section 3.6). 

The success of the SDTSF is demonstrated by the marked improvement in the 2020/21 
macroinvertebrate community in the Main Creek riffle habitat downstream from the SDTSF. River 
health scores and quantitative data have previously shown the Main Creek macroinvertebrate 
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community to be severely degraded. However, the 2020/21 river health scores and key quantitative 
metrics have shown a substantial approvement and shift to that which resembles reference 
condition (Section 3.4).  

Despite improved water quality in Main Creek between the 2011/12 and 2020/21 surveys, this was 
not reflected with the same improvement in the combined season edgewater O/E scores in Main 
Creek, as occurred for the riffle habitat. 

Detecting freshwater crayfish (Astacopsis tricornis) in Main Creek for the first time since monitoring 
began provides supporting evidence that the biological health of Main Creek is improving. This 
species is widespread in Western Tasmania (Richardson et al. 2006). Whilst there is no specific 
information about the pollution sensitivity of this species, the recovery plan for the threatened 
species, giant freshwater crayfish (Astacopsis gouldii) notes that sedimentation is a key threatening 
process and that catchment scale management that addresses the cumulative effects of modified 
land use and point source pollution is needed to secure the species future (Davies et al. 2005, DEE 
2017). It is likely that these key threatening processes are similar for the freshwater crayfish, 
suggesting that this species may be a good bioindicator of river condition. Freshwater crayfish are 
not a target species of the bioassessments and are incidentally captured, observed during the 
electro-fishing survey or occasionally captured within the qualitative and quantitative 
macroinvertebrate surveys. Whilst a targeted survey of this species may not be warranted, any 
incidental catch provides supporting evidence of the improvement of biological health of Main Creek. 

Recommendations 

• Run rank abundance models. Whilst the biological condition in Savage River and Main Creek 
has generally improved, the current bioassessment project has identified a difference in the 
composition of the macroinvertebrate community compared to those of the control and 
reference sites. 

To increase interpretation of river health condition, the historical, 2020/21 and future 
AusRivAS data could be analysed with the rank abundance model (Davies 2000) to provide 
another metric/line of evidence. To date, AusRivAS data has only been run through the 
presence absence model which is only sensitive to the gain or loss of entire taxa. By contrast, 
the rank abundance models provide a river health rating based on the shift in relative 
abundance of taxa and are likely to be more sensitive to differences between sites and within 
sites over time.  

In addition to the existing analysis of the quantitative Surber data, applying the rank 
abundance models to the bioassessments may increase the ability to interpret past, current 
and future changes in macroinvertebrate communities and to assess if Savage River and Main 
Creek continue a trajectory of improvement. This would strengthen any conclusion that 
macroinvertebrate communities are improving by providing another line of evidence to the 
existing analyses. 

• Run spring and autumn AusRivAS models. Relying only on the combined season AusRivAS 
model can mask or at least dilute the ability to detect seasonal patterns. For example, a site 
might be subject to good flow conditions prior to the spring sampling period but be subject to 
months of low flow preceding the autumn period.  

Running the single season models for all future surveys would significantly improve the ability 
of the bioassessments to assess changes over time and to link changes in the 
macroinvertebrate community with the flow, water quality and other habitat conditions which 
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preceded spring and autumn sampling period. Consideration could also be given to running the 
single season models on the historic data. 

Additional benefits of using the single season models include: 

o Seasonal data may detect transient issues arising from mining activity and particular 
events that may impact biological condition. 

o Provides a fail-safe when it may not be possible to survey all sites in a season due to high 
flow conditions. 

• Re-establishing a helicopter landing area site D4. Investigate the feasibility of re-establishing a 
helicopter landing area site D4 so that this long-term sampling location can be resampled in 
future. The 2020/21 survey determined that helicopter access at site D4 is problematic due to 
the encroachment of vegetation. In addition, helicopter access at site D4a is marginal and 
reliant on low flows for safe access. Access to Savage River upstream from D4a is possible by a 
difficult walk. Given the importance of site D4 to understand the recovery of biological 
condition of Savage River within the mid-catchment and downstream from the confluence 
with Main Creek and that site D4a is above potential fish barriers, further discussion within the 
SRRP is recommended to determine whether to: 

o Attempt to clear vegetation at site D4 

o Improve the road access to Savage River upstream from site D4a to allow vehicle access 
to Savage River, or 

o Continue surveying site D4a by helicopter.   

4.1.2 Other influences on macroinvertebrate communities 

There are a number of potential influences which would shape the macroinvertebrate communities 
in Savage River and Main Creek outside the influence of improved water quality changes arising from 
mine remediation works. For example, remaining inputs of point source pollution, the effect of light 
availability on algal food resources, flow regime, and other habitat forming processes and variability 
(such as sediment transport) may all influence community composition between sites, some more 
than others. Some of these influences may be confounded with mine related impacts and 
determining causation may be difficult with the data currently available.  

Point source mine pollution and mine derived sediments 

Point sources of AMD from the mine enter Savage River from Crusher Gully, South Lens and 
Broderick Creek downstream from site D1 and upstream of site D2. Macroinvertebrate total 
abundance at site D1 (and the upstream control sites) have been consistently higher than site D2 
since 2008/09 which is mainly driven by the high numbers of taxa from the beetle families Elmidae 
and Scirtidae and the fly family, Simuliidae. Elmidae and Scirtidae are considered sensitive to 
pollution (Chessman 2003) and the differences in abundance of these taxa may be affected by point 
source pollution at site D2.  

Previous bioassessment projects have suggested that excessive sedimentation from the mine 
(i.e. deposition of sands and smaller size fractions) in Savage River and Main Creek may impact 
macroinvertebrate communities by filling interstitial spaces and potentially entraining metals and 
other pollutants from the mine site (Davies et al. 2008, DPIPWE 2012). Accumulation of fine 
sediment can impact the abundance and diversity of macroinvertebrates by altering habitat 
availability, habitat quality and energy pathways (such as quantity of algae and macroinvertebrate 
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prey). Resuspension of this fine sediment during elevated flows can also be transported and 
deposited to impact habitats further downstream. 

The O/E SIGNAL scores (which provide an indication of water quality impacts on sensitive 
macroinvertebrate taxa) indicated that some factor other than water quality may be affecting 
macroinvertebrate community composition at Savage River sites D2 and D5. Accumulation of fine 
sediment is a possible explanation for this impact given mining operations occur in close proximity to 
site D2 and resuspension of these fine sediments would ultimately end up in the depositional zones 
of the river where site D5 is located.  

The existing methods for collecting habitat data for the bioassessment surveys uses a qualitative 
estimate of fine sediment cover which is very coarse and prone to different interpretations by 
different operators. The use of a more quantitative method for assessing suspendable sediment is 
outlined in the recommendations below. 

Flow and sediment transport regime 

The natural flow and sediment regime are important influences on habitat quality. For example, the 
presence of dams can affect the aquatic habitat by capturing sediment and reducing the timing, 
magnitude and rate of change of high flow and flood events. High flow events promote turnover and 
mobilisation of large and small sediment size classes, transport of nutrients (detritus and large woody 
debris) and scouring of benthic algae.  All of which are processes that can directly shape turnover and 
maintenance of habitat quality (Poff et al. 1997, Poff and Zimmerman 2010). Variable flow events can 
also provide important behavioural cues for aquatic species (Poff et al. 1997, Poff and Zimmerman 
2010).  

Except for 2011/12, macroinvertebrate total abundance is typically low in the lower Savage River 
catchment at site D5, with the riffle habitat at site D5 sandy and mobile, with less interstitial spaces 
between the sediment. In addition, the riffle habitat is difficult to access when flows are more than 
slightly elevated, which affects sampling efficiency. Riffle habitat at this site is likely to provide 
variable results in the future, as major floods will reshape riffle hydraulics at this downstream site 
over a shorter time scale than at upstream sites that have a smaller catchment area and are 
dominated by cobbles and pebbles. However, site D5 does provide good edgewater habitat for 
assessing river health using the AusRivAS models and supports a diverse native fish community. 
Reference site W3 provides similar habitat, with similar sediment and flow characteristics. Therefore, 
meaningful analysis of data from D5 requires the survey of W3 in the future, as the analysis of the 
macroinvertebrate community in the riffle habitat may be variable between monitoring periods due 
to naturally occurring factors. 

The flow regime in Main Creek shows some hourly and seasonal variability; however, the flow is still 
significantly regulated and reduced compared to natural. It is unclear whether the current flow 
regime is sufficient to provide the sediment and channel geomorphological processes that will 
support consistently healthy aquatic habitat. While the 2020/21 data indicates that 
macroinvertebrate community was in a healthy condition and substantially improved compared to 
previous surveys, this regulated site might be more vulnerable to reduced flow regime impacts 
following prolonged droughts (i.e. deposition of sands and smaller size fractions or accumulation of 
filamentous benthic algae). 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

  107 

Recommendations 

• Sample additional monitoring sites in the Savage River. The 2020/21 bioassessment survey 
identified site D2 as a key site of interest in assessing the impact of the mine on Savage River 
as this site is immediately downstream from sources of AMD. To further understand why the 
improvement in biological condition at site D2 is lagging behind other sites in Savage River, a 
targeted survey of additional sites would assist understanding which legacy pollution sources 
of mine operation continue to impact the biological recovery at site D2.  

o It is recommended that site B1 and D1a are resurveyed (water quality and 
macroinvertebrate).  

o An additional survey site (water quality, macroinvertebrate and fish) immediately 
downstream from the Crusher Gully AMD seep (and upstream from South Lens) would 
also provide further evidence of where key mine impacts are affecting biological 
condition in Savage River.  

o Whilst the improvement in biological condition at site D1 is evident, it is still unknown 
how event-based release of AMD from the Old Tailings Dam via a small tributary and 
into Savage River affects the biological health of Savage River. An additional 
bioassessment site immediately downstream from the confluence with the tributary was 
considered; however, this site would only provide useful data if surveyed during or 
immediately following a spill event over the Old Tailing Dam spillway (also known as the 
North Slot).  

o In addition, a rated spillway flow site would also provide empirical data as to when the 
Old Tailings Dam spills during wet periods and assist with understanding the timing, 
volume and proportion of AMD water entering Savage River upstream from site D1. 
These additional sites would not necessarily need to be surveyed every three years, 
rather periodically to assess knowledge gaps and to assess the success of future 
remediation projects. 

• Other additional, one-off surveys that could be undertaken include: 

o Measure sediment load. Quantitative assessment of suspendable material within the 
riverbed could be undertaken to assess the potential impacts of accumulation of fine 
sediments across the survey sites using the methods outlined in DPIPWE (2018). At a 
minimum, they should be undertaken at the Savage River control and test sites and in 
Main Creek. Including sediment sampling in the reference rivers may also be of benefit 
for interpretation. 

o Analyse metal toxicity in sediments. Metal toxicity in sediments may not be detected in 
water samples. Interstitial spaces within the sediment are an important habitat for 
macroinvertebrates and accumulated metals within the sediment may affect 
macroinvertebrate community composition. 

o Undertake quantitative sampling of algal biomass. Algal scrapes and chlorophyll a 
analysis, using the methods outlined in DPIPWE (2018), could be used to investigate if 
site specific differences in light availability and algal food webs are driving differences in 
macroinvertebrate community composition or abundance.  

• Flexible timing of surveys to respond to events. Consider more adaptive timing of the 
sampling program to react to large scale catchment events which may impact 
macroinvertebrate communities (such as drought, bush fires, planned or unplanned changes in 
tailing discharge).  
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4.2 Fish community 

Project aim: Determine if a sustainable fish community (i.e. diversity and abundance) is stable or 
improving within the Savage River catchment downstream of the mine lease. 

Fish are an important component of Tasmania’s freshwater ecosystems; however, there are a 
number of factors which limit their usefulness as a clear indicator of river health for the Savage River 
biomonitoring project. These factors include: 

• The effects of catchment position on community composition. 

• The dominance of introduced brown trout and their negative impacts on the presence and 
abundance of native fish species. 

• Lack of clear data on the presence of instream barriers to fish movements (especially in Main 
Creek). 

• The inability to sample some sites over the course of the project. 

• Differences in sampling efficiency within and between sites depending on local site conditions 
and during periods of high flow.  

Further data on these limitations is required before an assessment of the effects of improved water 
quality on fish communities can be made and before realistic expectations and targets for fish 
communities can be refined. Recommendations to address some of these factors/limitations are 
provided at the end of this section.  

4.2.1 Savage River and reference sites 

The fish community in the Savage River catchment has remained similar over the course of the 
bioassessments and is similar in composition to the reference rivers (Section 3.5). The Savage River 
and reference sites also show the same longitudinal pattern of decreasing diversity and abundance 
with increasing elevation. This longitudinal pattern is likely a result of barriers to upstream migration 
which prevent fish which lack climbing or strong swimming/leaping ability from inhabiting or passing 
through zones of higher energy or over vertical barriers.  

The presence of introduced brown trout at Savage River sites is another key influence which may 
exclude or at least limit the abundance of native fish in the survey catchments, particularly at sites in 
the upper catchment of the Savage River and reference rivers. Brown trout are known to predate on 
and outcompete native fish species for habitat space. For example, another study on fish distribution 
in nearby catchments found that the presence of brown trout and native climbing galaxias was 
generally mutually exclusive, with climbing galaxias only co-occurring at a site when trout were at 
low abundance (Hardie 2015).   

Monitoring over the entire SRRP suggests that fish communities at higher elevations in the Savage 
River within and upstream of the mining lease are dominated by introduced trout with low numbers 
of native species (climbing galaxias, short-finned eels, pouched and shortheaded lampreys). These 
native species have been recorded intermittingly and in low numbers in the Savage River over the 
course of the bioassessments. The domination of trout in the upper sites of the reference rivers is 
even greater than that of the Savage River. 

Higher abundance and diversity of native fish at the lowland reaches in the Savage River (sites D5 and 
D4) and the Whyte River (sites W3 and W2) is due to the naturally greater diversity of lowland fish 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

  109 

fauna. Also, brown trout have been recorded in lower numbers at these sites and there is an 
abundant, instream large woody debris which provides smaller native fish with habitat and cover 
from predatory fish, including brown trout.  

There is limited evidence for improved water quality conditions resulting in increased fish diversity 
within Savage River as diversity has remained similar over the five bioassessment periods undertaken 
since 1998 at the Savage River test and control sites (Section 3.6). However, during the 2011/12 and 
2020/21 surveys, two native species were recorded for the first time in sites within and upstream of 
the mine. Shortheaded lamprey was recorded for the first time at site D3 in 2011/12 and at sites D1 
and C2 in 2020/21 and short-finned eels for the first time at site D3 in 2020/21. These new records 
coincide with the two latest surveys undertaken since water quality has improved in Savage River 
and may reflect improved water quality enabling these species to inhabit these reaches. Another 
explanation is that these species have been present in these reaches during previous surveys but 
were undetected due to their low abundance.  

The 2020/21 data shows a trend for increasing fish abundance at the Savage River sites within and 
downstream of the mine (Section 3.6.4). For sites within the mine lease, this was driven mainly by 
increasing numbers of introduced brown trout. The abundance of native fish was higher than in 
previous years at site D5 downstream from the mine lease. Increased fish abundance might also be 
due to improved water quality in Savage River and Main Creek; however, further monitoring data is 
required to assess whether increasing diversity and abundance is a consistent trend. 

Recommendations 

• Undertake more frequent bioassessment surveys. Surveys should be undertaken at a 
minimum of every three years to increase the likelihood of detecting changes in fish 
communities.  

• Increase site replication and methods used to detect fish. Increase confidence in the ability of 
the project to assess diversity and relative abundance by: 

o Increasing sampling replication to two or three 20-minute electrofishing passes in 
separate reaches at each site.  

o Using eDNA surveys to better understand the presence or absence of native fish species 
in the upper Savage River. eDNA surveys would be particularly useful in the Savage River 
where site conditions make electrofishing difficult or impossible to survey the whole 
channel. Genetic markers are commercially available for brown trout and all of the 
native fish species present in the catchment other than the lamprey species. The 
development of markers for lampreys would also be straightforward project involving 
specimen collection and analysis in an accredited laboratory.  

o eDNA sampling should target the main river and tributary streams entering the river 
downstream, within and upstream of the mine. Electrofishing should be conducted at 
the same time and location that the samples are collected.  

• Conduct vegetation clearing to re-establish a helicopter landing site at site D4 on Savage 
River. Site D4a may not be representative of the fish community present at site D4 as D4a is 
approximately 7 km upstream of D4 and may be upstream of rapids which prevent the 
upstream movement of fish species that have been recorded at site D4. 
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• Establish the presence of fish barriers. Undertake field surveys to assess the location of any 
potential barriers to fish migration in Savage River. Conduct electrofishing surveys in reaches 
immediately up and downstream of areas identified as potential barriers to assess differences 
in fish communities. Investigation of barriers in the reference rivers should also be undertaken.  

• Assess if tributary streams are providing refuge from trout. Tributary streams which have 
barriers to trout may provide refuge for native species from brown trout. Surveying tributaries 
immediately upstream and downstream of the mine would assist understanding if some 
tributaries are inaccessible to trout. Knowledge of refuge sites for native fish would enhance 
understanding of whole of catchment, fish values. Nineteen Mile Creek near the Savage River 
control sites, Armstrong Creek and Little Savage River are potential sites to investigate.  

4.2.2 Main Creek 

No fish have been recorded in Main Creek over the course of the bioassessments (Section 3.6). The 
ecotoxicology assessment suggests that water quality collected from Main Creek is unlikely to be 
toxic to fish following the completion of the South Deposit Tailings Storage Facility (SDTSF) 
(Section 3.6). Also, the substantial improvement in macroinvertebrate communities (and the 
recording of the native freshwater crayfish Astacopsis tricornis) indicates that there is an abundant 
supply of food for fish (Section 3.4).  

It is possible that fish are present in Main Creek but are in low abundance and were not detected 
during the 2020/21 survey. Reasons which may explain the absence of fish in Main Creek include:  

• Poor water quality, even if not toxic, still acts as a behavioural deterrent which stops fish from 
entering from Savage River. 

• Water quality is toxic to fish on a sporadic/event basis which has been undetected by the 
bioassessments. 

• There are instream barriers to migration along the creek which has prevented fish from 
reaching the sampling sites. Vertical barriers may especially prevent brown trout from 
migrating upstream which are by far the most abundant fish recorded in the upper Savage 
River.  

• The regulated flow regime does not provide sufficient high flow cues to attract fish into the 
creek. This may be especially true if there are vertical barriers to trout migration. Such barriers 
are unlikely to exclude native climbing species such as climbing galaxias. However, climbing 
galaxias move upstream during higher flow events and if the frequency of attractant high flows 
coming out of Main Creek are reduced then native species which appear to be at very low 
abundances in Savage River may simply not have many opportunities to colonise Main Creek 
(for example, climbing galaxias have not been recorded in Savage River since the 2008 survey).   

Recommendations:  

Surveys/steps which could be undertaken to further assess the suitability of Main Creek for fish 
include: 

• Develop a subproject on Main Creek. Additional to the main bioassessment surveys focussed 
on fish in Main Creek, to undertake some or all of the additional surveys suggested below.  

• Adaptive timing of fish surveys. Consideration given to conducting fish surveys timed to follow 
peak flow events during autumn when adult climbing galaxias are triggered to move upstream 
to breed. 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

  111 

• Increase fishing efforts.  Conduct two or three 20 minutes electrofishing passes in separate 
reaches at each site. 

• Conduct fyke netting. Set fyke nets in pool habitats during periods of low stable flow. 

• Assess presence of barriers to fish migration: 

o Undertake a helicopter flyover survey of Main Creek to identify rapids, cascades and 
waterfalls or if flow is routed underground.  

o Undertake a walkover survey of Main Creek to assess barrier status (logistics may be 
difficult but helicopter access to Savage River near the mouth of Main Creek should be 
possible. 

o Fly a LiDAR survey to develop a digital terrain model of the catchment to identify 
potential barriers to fish migration. Also, investigate in any existing LiDAR data covers 
the Main Creek area in sufficient detail. 

• Survey additional sites. Establish an additional fish survey site in Main Creek close to the 
confluence with Savage River to determine if fish are present in the lower Main Creek 
catchment. The aforementioned helicopter survey for fish barriers would provide an 
opportunity to determine if a safe landing site is available near the confluence with Savage 
River and whether a fish survey is logistically feasible up Main Creek from the confluence with 
Savage River.  

• Undertake eDNA surveys in Main Creek. The eDNA method would provide another method to 
assess presence of fish and the likelihood of barriers, if a barrier survey is not feasible or is 
inconclusive. Genetic markers have been developed for brown trout and all of the native fish 
species present in the catchment (other than the lamprey species) and are commercially 
available. The development of markers for lampreys would also be straightforward project 
involving specimen collection and analysis in an accredited laboratory.  

o Take eDNA samples in the reaches immediately upstream of the confluence with Savage 
River and at the existing survey sites. Electrofishing should be conducted at the same 
time and location that eDNA samples are collected. 

• Establish new control sites. Establish new control sites and undertake a fish survey at 
locations in the Main Creek catchment upstream of the mine (for example, within the small 
tributaries that flow into the Main Creek Tailings Dam and in Big Duffer Creek). Before the 
construction of the Main Creek Tailings Dam, site M2 was surveyed in Main Creek as a control 
site for historic bioassessment projects. However, fish surveys were not conducted historically 
and therefore a fish population baseline dataset is not available. It is possible that remnant, 
landlocked fish populations may still persist in the upper catchment; however, it is equally 
possible that this additional control site survey in Main Creek will also demonstrate that a 
remnant fish population is not present upstream of the mine. Should this be the case, the use 
of fish control sites in Main Creek could be discounted in future bioassessment projects. 

• In-situ continuous water quality monitoring. Investigate the feasibility of establishing 
continuous monitoring of copper (and physio-chemical parameters). 

• Laboratory trials. Conduct laboratory or field-based flume experiments on Main Creek water 
quality and measure its effects on fish behaviour and survivability. 
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4.3 Flow, water quality and ecotoxicology characteristics 

Project aim: Assess whether key flow, water quality and ecotoxicology characteristics of the Savage 
River catchment support stable or improving fish and macroinvertebrate bio-indicators.  

Hydrology 

The Savage River is a free flowing, perennial river and all components of a typical variable flow 
regime are present including baseflows, summer high flow events (freshes), elevated winter 
baseflows, high flows and floods (Section 3.1). Given the free-flowing hydrology of Savage River, flow 
is unlikely to affect the biological condition or community composition of aquatic fauna species in 
Savage River differently than in nearby reference rivers.  

By comparison, the flow in Main Creek is regulated by the SDTSF and by the Main Creek Tailings Dam 
(MCTD) higher in the catchment and is atypical of the flow regime in nearby unregulated rivers 
(Section 3.1). Flow from the MCTD is filtered through the SDTSF alkaline rock flow-through; however, 
the peak discharge through the SDTSF is unknown. Flow regulation is known to impact the biological 
condition and community composition of aquatic fauna, with the magnitude of the affect dependent 
of the degree of flow regulation. As mentioned above, the regulated flow regime of Main Creek may 
not provide sufficient high flow cues to attract fish into the creek. 

Water quality 

The water quality in Savage River and Main Creek has improved substantially over the course of the 
bioassessments since 1997 (EPA Tasmania 2020, Ray and Koehnken 2001, Koehnken 2005, Koehnken 
2007, Koehnken 2009, Koehnken 2014, EPA Tasmania 2013, EPA Tasmania 2016) as a result of 
rehabilitation projects undertaken by the SRRP (Section 3.2).  In the 10 years since the previous 
bioassessment in 2011/12 there have continued to be improvements in water quality, demonstrating 
that the major remediation work on the mine site to prevent AMD have been effective in improving 
water quality (EPA Tasmania 2020.).  It is also evident that improved water quality conditions are a 
major driver of improvements in biological indicators.  The SDTSF is a major tailings and treatment 
facility completed in 2015 that has had a dramatic impact at reducing the concentration of metals, 
particularly in Main Creek and the Savage River within and downstream from the mine lease.  

Electrical conductivity (EC) continues to be elevated in Main Creek (all sites) and Savage River (sites 
D2 to D5) (Section 3.2) compared to the reference sites (Table C.2 and Table C.4). Variation in 
electrical conductivity can impact the composition of the macroinvertebrate community (Kefford 
1998) and its influence is more likely to be detected in rarer taxa (Metzling 1993). Remediation 
actions undertaken within the mine lease have improved water quality in Savage River and Main 
Creek, particularly the SDTSF, which has markedly improved the macroinvertebrate community in 
Main Creek. Therefore, electrical conductivity within the current range is unlikely to impact the 
macroinvertebrate community further. However, the influence of elevated conductivity on 
macroinvertebrate composition may be a future consideration in the examination of abundance and 
diversity of the macroinvertebrate community in Savage River and Main Creek.  

The significant steps at controlling AMD at the Savage River Mine have been effective at treating 
water and reducing concentrations of metals. However, there remains a level of uncertainty as to the 
role of declining metals other than copper on improvements in biological indicators. The most 
recently completed SDTSF has been especially effective and is seen in the dramatic improvements in 
water quality in Main Creek. After 2016 cobalt, manganese, nickel and zinc concentrations declined 
to levels below the ANZECC (2000) default guidelines, when they had all previously been well in 
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excess of these guidelines, while copper and aluminium declined to concentrations which 
occasionally were lower than the ANZECC (2000) default guidelines. 

Ecotoxicology 

Water quality in 2020/21 at all combined water quality/bioassessment sites (i.e. SRaPS - D1, 
SRbSWRD - D3, SRaSR - D5, MCbSD - M3a) indicated that these had combined concentrations of 
copper and calcium that were below the current SRRP toxicity guidelines for fish and Ceriodaphnia 
(Section 3.6). Reductions in copper concentrations are a likely key driver of the improvements seen in 
macroinvertebrate and fish metrics.  Negative correlations between copper and macroinvertebrate 
diversity, macroinvertebrate O/E, EPT abundance, macroinvertebrate total abundance and fish 
abundance (CPUE) support the assertion that current reductions in copper concentrations in the 
Savage River and Main Creek are conducive to supporting healthy populations of macroinvertebrates 
and fish.  The role of concurrent reductions in nickel, cobalt and zinc in the improvements in 
biological indicators is not clear.   

In concert with the declines in metals, have been correlated improvements in the macroinvertebrate 
and fish communities (Section 3.6.3).  With our level of understanding using the current 
copper/calcium toxicity guidelines, it is concluded that the water quality conditions are conducive to 
supporting stable and improving macroinvertebrate and fish metrics. Copper levels under these 
guidelines are currently not considered toxic at any of the four sites examined (SRaPS, SRbSWRD, 
SRaSR, MCbSD).  In addition, a number of metals have declined to levels regularly below ANZECC 
(2000) default guidelines for toxicity and are likely to be considered of low risk for toxicity in these 
instances.  These are: 

• Nickel – at sites SRaPS (D1), SRaSR (D5), MCbSD (M3a) 

• Zinc – at all four sites examined (SRaPS, SRbSWRD, SRaSR, MCbSD) 

• Cobalt – at site MCbSD (M3a). 

In saying this, it is also noted that the current SRRP toxicity guidelines have limitations, namely: 

• They only apply to copper.  The toxic potential and impact of other metals is not considered.  
Understanding the influence or potential toxicity of metals other than copper is important to 
fully understand the success of remediation. 

• They have limitations in their assessment of toxic potential of copper.  In addition to calcium 
(or alkalinity), there are a number of locally and temporally variable water quality parameters 
which impact metal speciation, bioavailability and toxicity (Hydrobiology 2018), which are not 
incorporated into the current toxicity guidelines. 

Based on the analysis of metal speciation models and a number of biological ligand models (BLMs) by 
Hydrobiology (2018), specific metal speciation and BLMs were recommended for implementation for 
the assessment of different metals.  The advantage of using BLMs over ANZECC (2000) default 
guidelines or current SRRP toxicity guidelines, is that from water quality parameters taken at the 
same time as a sample, a toxic concentration of the metal is determined.  The inputs that BLMs 
require to determine the toxic concentration of a metal including DOC, calcium, alkalinity and pH. 

The use of BLMs would assist ecotoxicological assessments of the bioassessments by providing a 
better understanding of the toxicity of any metal of concern at the time of sampling by incorporating 
more factors including alkalinity.  The use of BLMs as a standard monitoring tool would be 
worthwhile to provide greater confidence in any identified correlations between metals and 
bioindicators and thus, better guide future remediation opportunities and/or requirements.  
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Recommendations 

• Development of flow ratings. Macroinvertebrate community composition and fish populations 
can be affected by the natural flow regime. Currently, modelled flow is available for the two 
hydrometric sites in Savage River. A flow rating curve was developed for site 2031.1 in 2022 
(Craig Tybell, Entura, pers comms); however, the accuracy of the rating curve at high flows is 
poor due to the lack of observed measurements at higher flows. It is recommended that 
ratings are developed for the hydrometric sites 2031.1 and 2032.1 to allow accurate 
assessment of the natural flow regime and whether this is a contributing factor to observed 
biological health.  

In addition, these two sites provide important, live data to assist with planning and scheduling 
safe field surveys. 

• Additional water quality monitoring sites. The SRRP monthly water quality monitoring project 
provides a critical input into the bioassessments. However, some inference is required to 
understand water quality at site D2. Similar to the additional aforementioned bioassessment 
sites, additional monthly water quality monitoring at site D2 and immediately downstream 
from the Crusher Gully AMD seep (and upstream from the South Lens Outflow) would assist in 
understanding which AMD point sources may be the most influential on the biological 
condition at site D2. This additional water quality assessment could be extended to include a 
new site downstream from site D3 to determine if the old South Dump is also an ongoing 
source of AMD. 

• Implementation of BLM and metal speciation models.  Biological Ligand Models and metal 
speciation models recommended by Hydrobiology (2018) should be implemented as part of 
the monitoring program to better assess the toxic potential of specific metals.  This would also 
require the collection of specific water quality parameters (e.g. DOC, calcium, alkalinity and 
pH) required as inputs to the models.     

4.4 General bioassessments recommendations 

In addition to the specific recommendations against each bioassessment objective, the following 
general project recommendations are provided.  

4.4.1 Review of monitoring priorities  

As the bioassessments have been ongoing for over 20 years and recent bioassessments have 
indicated improvements in both fish and macroinvertebrate communities as a result of rehabilitation 
projects improving water quality within the catchment, it may be time to review the project’s 
monitoring focus and priorities. Such a process is a standard part of an adaptive management 
monitoring program which evolves over time as some questions/priorities are addressed and new 
more targeted question are identified. It is also important to ensure that the monitoring remains 
relevant to the questions currently being asked by stakeholders.  

As noted in the recommendations above, there are a number of ways that the current monitoring 
and analysis could be improved to evaluate improvements in fish and macroinvertebrate 
communities, some of which are more targeted than previous assessments. While it is important to 
maintain an overview of the health of the systems, there may be more targeted priorities or 
questions using more appropriate methods that would better demonstrate improvements into the 
future. Any review of monitoring should also take into account the recommendations below around 
statistical analysis, targets, monitoring frequency and additional surveys.  
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Undertaking the review is considered important to ensure that the bioassessment surveys remain 
feasible for SRRP and Grange Resources in terms of field logistics, frequency of monitoring, analysis 
requirements, and budget. For example, incorporation of all the recommendations included in the 

current bioassessment project is unlikely to be feasible and would be difficult to maintain into the 
future. 

4.4.2 Statistical analysis 

The analytical methods and statistical tools used for analysing bioassessment data have remained 
largely unchanged since the bioassessments began in 1995 using traditional statistical methods.  The 
immergence of new statistical tools provides an opportunity to target analyses to address specific 
patterns and trends in the data and to address newly identified knowledge gaps and hypotheses. For 
example, the current experimental design of the SRRP bioassessments results in an unbalanced data 
set (e.g. differences between number of test and reference sites), which is poorly analysed using 
traditional parametric techniques. The emerging use of linear mixed-effects models would be an 
ideal method to build a global model of differences in macroinvertebrate metrics within and 
between site groups over time. However, these models are complex and require specialist statistical 
knowledge to undertake.  

The SRRP bioassessment, water quality and hydrometric projects have generated a large, complex 
and valuable dataset, which will continue to expand in the future. Data analysis is an important but 
time-consuming aspect of the bioassessments and refining the analysis over time will assist 
understanding of the drivers of change in Savage River and Main Creek. 

4.4.3 Monitoring targets 

Adaptive environmental management can be assisted by defining acceptable limits of change and 
targets that support the aim of remediating Savage River and Main Creek to a healthy but modified 
ecosystem. In addition, adaptive environmental management relies on access to information that 
allows for an effective management response, which may include intensifying or targeting 
monitoring or undertaking additional remediation activities. Monitoring targets and triggers require 
ongoing assessment and adjustment as new information and technology emerge through time. 

The 2020/21 bioassessment project identified site D2 as a key site to assess ongoing impacts of the 
mine on biological condition in Savage River. This site remains within the AusRivAS model B band, 
suggesting that macroinvertebrate community at this site is still impaired; however, there may still 
be additional opportunities for remediation. A recommended target for site D2 is to improve the 
biological condition of Savage River in close proximity to mine site operations to the AusRivAS model 
A Band, whilst maintaining the AusRivAS A band at site D1 and D3. An AusRivAS A Band result for D2 
would indicate that the site is comparable to the reference condition, although the 
macroinvertebrate community composition may still be modified when compared to the reference 
rivers using quantitative assessment techniques. The AusRivAS model banding system provides a 
qualitative measure that is easy to communicate to managers and stakeholders, whilst ongoing 
bioassessment projects will assist with ongoing support and understanding on whether the 
macroinvertebrate community is in a modified state or recovering to the reference condition. 

Setting a target for the fish community in Savage River is problematic as factors outside the influence 
of mine operations may have an overriding influence on the fish community, particularly the 
influence of introduced brown trout which dominates the community at sites within and upstream of 
the mining lease. However, upland native fish species are known to co-occur in catchments with 
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brown trout, particularly when species with climbing ability can access refuge streams which may be 
inaccessible to trout due to the presence of migration barriers upstream from the main rivers.  

Assuming SRRP remediation activities continue to improve the water quality in Savage River, it is 
reasonable to assume that native fish species will colonise and persist in Savage River. Climbing 
galaxias were observed historically at the Savage River control sites in January 1998, site D2 in 
November 2007 and site D4 in April 2001 and November 2007, whilst short-finned eels and lamprey 
are observed periodically at these locations. A recommended target for site D1, D2 and the upstream 
control sites is to improve the diversity and abundance of the native fish community, which could be 
measured by consistently detecting the presence of climbing galaxias, short-finned eel and lamprey 
in future bioassessment projects.  

It is also recommended to investigate the feasibility of conducting fish surveys in tributary streams in 
the vicinity of the mining lease to assess if tributary streams are providing refuge for native fish from 
brown trout. Nineteen Mile Creek near the Savage River control sites, Armstrong Creek and Little 
Savage River are potential candidates.  

4.4.4 Monitoring frequency and additional surveys 

Monitoring frequency 

Previous bioassessment surveys have been undertaken periodically with varying regularity and vary 
from three years (1998/99 to 2001) to eight years (2011/12 to 2020/21). Periodic rather than regular 
surveys may be missed opportunities to monitor trends in the improvement in biological condition in 
Savage River and Main Creek. For example, the SDTSF was constructed over several years from 2015 
to 2018 and the 2020/21 results show a marked improvement in the biological condition of Main 
Creek. However, this improvement is demonstrated in a stepwise improvement and an opportunity 
was missed to observe a trend in change of biological condition in Main Creek and understanding 
which taxa returned to Main Creek soon after the construction of the SDTSF and which taxa may 
have only returned recently.  

Regular monitoring is more likely to detect trends and measure the success of remediation actions. It 
is recommended that bioassessments are based on regular surveys (at least every three years) and 
specific triggers such as: 

• The construction or installation of remediation infrastructure and other remediation actions to 
assess the success of remediation actions. 

• In spring or autumn immediately following a major environmental incident that may affect the 
biological condition of Savage River or Main Creek, should an incident occur. 

• A major flood or drought to assess the impact of major climatic events on the 
macroinvertebrate and fish communities and to provide supporting evidence should 
subsequent, regular bioassessment show a fall in river health or biological condition. This 
would allow for the confounding effect of a major flood or drought to be separated from 
normal mine operations. 

• Implement sample-specific metal speciation models and BLMs analysis for key metals (as 
recommended by Hydrobiology (2018) to understand the spatial-temporal toxic concentration 
of metals.  Triggers for monitoring would be when monthly water quality monitoring shows 
that the toxicity of metal contaminants exceeds the derived toxicity thresholds from these 
models for a determined period (e.g. three months). These models could also be run at the 
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time of each bioassessment survey to determine if ecotoxicology of metal contaminants were 
exceeded leading up to and at the time of each future bioassessment survey.   

Monitoring timing 

Monitoring under sub-optimal conditions makes interpretation of the biomonitoring data more 
difficult.  Sampling on the west coast of Tasmania can be challenging because this region has a 
relatively high rainfall and elevated flow events can occur frequently in the spring and autumn 
sampling period. Elevated flow can affect sampling by temporarily displacing the invertebrate 
community, causing some macroinvertebrates taxa to drift downstream from the habitat, and/or 
through reducing the ability of the operator to access the best habitat to take a sample. The survey 
team in autumn 2021 reported a reduced ability to access the mid-channel riffle habitats that were 
sampled in spring at several sites, particularly at D5 and W3 which could only be sampled in the deep 
run habitat at the channel margins.  

It is highly likely that the poor autumn scores in 2021 at the lowland sites D5 and W3 and the most 
upstream Whyte River site (W1) are a result of samples being affected by high flows. Electrofishing 
under elevated flows is also likely to reduce the effectiveness of fish surveys. Thus, it is 
recommended that: 

• surveys are planned as early in the spring and autumn period as possible to maximise the 
sampling window (i.e. provide contingency time should elevated flows occur). 

• Should a spate magnitude flow (i.e. a flow approaching a peak flow for the season) occur 
immediately prior to sampling then a minimum delay of four weeks before the next attempt to 
sample is made (assuming flows recede to lower levels). 

Additional surveys 

A number of additional surveys are recommended, in addition to those mentioned above: 

• Targeted investigations into the bedload sediment in Savage River and Main Creek to 
determine whether changes in sedimentation and associated habitat conditions are caused by 
mining operations and whether this is affecting the biological condition of Savage River and 
Main Creek. This information will assist with determining future remediation projects such as 
managing erosion and sedimentation within the mine site. 

• Pilot bioassessment survey to test the applicability of more quantitative measurements of 
habitat to provide a more rigorous means to assess against the quantitative macroinvertebrate 
data. Potential habitat measures include: 

o Suspendable sediments using the Quorer method (DPIPWE 2018). 

o Entrained sediment using the Shuffle Index (DPIPWE 2018). 

o Canopy cover using a Spherical Densiometer (DPIPWE 2018). 

o Laboratory analysis of sediment for metal contamination. 

o Macrophyte, algal and biofilm cover using a bathyscope and quadrat (DPIPWE 2018). 

o Benthic algal biomass using the algae scrape method (Davies and Gee 1993). 

o Laboratory analysis of water samples for nutrients at site M3a. 
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• Targeted study of Savage River and Main Creek to assess the effect of river behaviour on 
geomorphic condition in Savage River and Main Creek and the impact of altered flow regime in 
Main Creek on the movement of sediment by undertaking:  

o an assessment of geomorphic condition a key site in Savage River and Main Creek using 
the Tasmanian River Condition Index (TRCI) physical form sub-index to provide a 
qualitative assessment of geomorphological condition and trajectory of change including 
an assessment of how river behaviour may affect the distribution and movement of 
sediment. The TRCI physical form index would also be an input to guide river restoration 
works within the mine site (NRM South 2009). 

o An assessment of the effect of the regulated flow in Main Creek on the incipient motion 
of sediment (i.e. the flow required for river sediment to become mobilised and flush out 
fine sediment from interstitial space) by undertaking a Wolman Count to calculate the 
incipient motion of the dominant sediment class (Gordon et al. 2004). 
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A Sites and seasons sampled 

Table A.1: Sites and associated seasons sampled under the SRRP 

Code Name Site type Easting Northing Aut95 Spr97 Aut98 Aut01 Spr01 Spr07 Aut08 Spr11 Aut12 Spr20 Aut21 

D1 Savage River at Pump Station Test 350472 5406635           

D1a Savage River 50 m upstream of Broderick Creek Test 349696 5406411           

D2 Savage River 600 m downstream of Broderick Creek Test 349229 5406160           

D3 Savage River below South-West Rock Dump Test 348622 5404477           

D4 Savage River 9 km downstream of Main Creek confluence Test 343168 5393434           

D4a Savage River 2 km downstream of Main Creek confluence Test 344611 5397428           

D5 Savage River at Smithton Road  Test 339942 5389864           

B1 Broderick Creek immediately upstream of Savage River Test 349586 5406492           

M1 Main Creek 2.4 km upstream of the Main Creek Tailings 
Dam 

Test 352670 5404837           

M2 Main Creek 2 km downstream of the Main Creek Tailings 
Dam 

Test 349869 5403648           

M3a Main Creek 6 km downstream of the Main Creek Tailings 
Dam 

Test 348376 5402078           

M3 Main Creek 10 km downstream of the Main Creek Tailings 
Dam 

Test 347160 5399620           

C1 Savage River 8.8 km upstream of eastern mine bridge Control 354527 5409698           

C2 Savage River 8.8 km upstream of eastern mine bridge Control 354427 5409628           

C3 Savage River 8.8 km upstream of eastern mine bridge Control 354185 5409392           

Dn1 Donaldson River at Norfolk Road  Reference 340624 5408308           

H1 Heazlewood River at Waratah Road Reference 358691 5407496           

S1 Stanley River at Pieman Road Reference 357734 5381422           

W1 Whyte River at Waratah Road Reference 365675 5408154           
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Code Name Site type Easting Northing Aut95 Spr97 Aut98 Aut01 Spr01 Spr07 Aut08 Spr11 Aut12 Spr20 Aut21 

W2 Whyte River at HEC gauging station Reference 348910 5390400           

W3 Whyte River 2 km upstream of Pieman River Reference 342205 5388355            

Wil1 Wilson River at Pieman Rd  Reference 364765 5382045           
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B Aquatic habitat photos 

Site photos of each site surveyed in spring 2020 and autumn 2021. Photos are from spring 2020 due 
to low flow and weather conditions providing good photographic conditions. 

B.1 Savage River within and downstream from the mining lease 

 

Figure B.1: Site D1 

 

 

Figure B.2: Site D2 
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Figure B.3: Site D3 

 

 

Figure B.4: Site D4a 
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Figure B.5: Site D5 

 

B.2 Main Creek downstream from the SDTSF 

 

 

Figure B.6: Site M3a 
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Figure B.7: Site M3 

 

B.3 Savage River control sites 

 

Figure B.8: Site C1 
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Figure B.9: Site C2 

 

B.4 Reference sites 

 

 

Figure B.10: Site Dn1 
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Figure B.11: Site H1 

 

 

 

Figure B.12: Site W1 
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Figure B.13: Site W2 

 

 

Figure B.14: Site W3 

 
 

 

  



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

This page is intentionally blank. 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 

C Site, habitat and water quality data 

Table C.1: Site topographic data derived from the CFEV database (DPIW 2008) and the DPIPWE biological database for each bioassessment site surveyed 
in spring 2020 and autumn 2021 

Variable Unit Savage River Main Creek Reference 

C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

CFEV River section 
ID 

 
111753 111753 109487 109360 109339 107572 93770 108354 107847 99723 142527 143272 104125 94431 

Elevation mASL 162 162 112 106 93 45 1 147 98 175 207 312 28 3 

Catchment area km2 105 105 138 162 164 236 300 12 19 198 94 22 320 382 

Bedslope Rise/run 0.005 0.005 0.024 0.003 0.006 0.005 0.001 0.01 0.01 0.001 0.005 0.013 0.005 0.001 

Stream class Strahler stream 
order 

4 4 4 4 4 5 5 4 4 5 4 3 5 5 

Distance from 
source 

km 
36 36 45 47 49 62 78 5 9 39 24 9 50 62 
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Table C.2: Site reach and water quality data collected from each bioassessment site in spring 2020 

Variable Unit Savage River Main Creek Reference 

C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

Overhanging vegetation Categorical (0-4) 1 1 2 3 4 1 1 3 2 1 1 2 1 1 

Trailing bank vegetation Categorical (0-4) 0 0 2 1 4 4 4 3 1 1 1 1 4 2 

Canopy cover Densiometer (%)               

Average stream width m 9 9 6 16.7 15 21 33.3 6 7 18.3 10 10.7 25 21 

Riffle area % 20 30 30 50 60 30 1 70 60 50 20 70 15 1 

Run area % 75 60 60 45 39 60 79 30 49 30 75 25 65 94 

Pool area % 5 10 10 5 1 10 20 <1 1 20 5 5 20 5 

Snag cover % 45 10 1 1 <1 8 8 1 5 2 5 1-7 10 5 

Left riparian vegetation cover Categorical (0-3) 3 3 1 3 3 3 3 3 3 4 3 2 3 2 

Right riparian vegetation cover Categorical (0-3) 3 3 3 3 3 3 3 3 3 1 3 2 3 2 

Water temperature (oC) 13.4 14.6 9.1 12.1 10.2 14 13.1 11.1 11.8 11.9 13.6 11.7 14.2 13.5 

Conductivity (µS/cm) 66.1 66.1 86.2 356 585 561 499 824 681 79.4 106.5 104.5 107.9 101.7 

Turbidity NTU 2.02 3.06 2.28 2.14 2.12 3.8 1.88 1.17 1.15 2.45 2.5 5.23 4.41 3.28 

Dissolved oxygen concentration mg/L 10.54 10.06 10.98  10.91 10.3 10.37 8.56 10.62 10.48 10.08 10.15 9.48 9.94 

Dissolved oxygen % 103 102 94.1  96.4 99.7 97.3 78.0 99 98 98.9 97.1 107.1 94.5 

pH  7.67 7.69 6.90 7.49 7.67 8.05 7.76 7.21 7.80 7.3 7.72 7.54 7.58 7.3 
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Table C.3: Habitat data collected from each bioassessment site in spring 2020 

 Variable Unit Savage River Main Creek Reference 

C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

Habitat assessment (Riffle)                 

Substrate composition Bedrock % 0 0 0 0 0 5 0 0 0 0 0 0 0 0 

 Boulder % 30 5 0 0 5 0 0 0 2 5 5 0 5 0 

 Cobble % 40 45 30 50 40 60 0 50 45 5 75 65 65 0 

 Pebble % 10 20 55 35 45 30 10 40 30 30 10 25 20 60 

 Gravel % 5 10 10 10 5 5 30 5 5 10 5 8 10 40 

 Sand % 5 5 5 5 5 0 60 5 5 5 5 2 0 0 

 Silt  % 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 Clay % 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dominant substrate class   C C P C P C S C C P C C C P 

Benthic cover Algae % 10 5 0 0 0 0 0 2 0 <5 0 <5 0 0 

 Detritus % 0 2 0 0 0 0 3 1 2 0 <1 <1 0 0 

 Silt % 0 0 0 0 0 0 0 0 5 0 0 5 0 0 

 Moss % 0 0 0 0 0 5 0 0 0 <1 0 <1 0 0 

Mean depth  cm 20 10 8 12 12 20 30 15 20 20 10 7 30 10 

Habitat assessment (Edgewater)                 

Substrate composition Bedrock % 10 40  100 0 0 0 2 0 0 0 0 10 0 

 Boulder % 0 5  0 25 0 0 25 0 0 0 0 0 0 

 Cobble % 0 15  0 25 10 0 25 0 0 5 30 0 0 

 Pebble % 0 0  0 0 5 0 3 5 5 10 20 10 10 

 Gravel % 10 20  0 0 45 10 0 20 15 15 20 40 40 

 Sand % 80 10  0 0 40 80 15 50 75 70 30 40 50 

 Silt  % 0 0  0 50 0 10 40 25 5 0 0 0 0 

 Clay % 0 0  0 0 0 0 0 0 0 0 0 0 0 
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 Variable Unit Savage River Main Creek Reference 

C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

Benthic cover Algae % 0 10  10 0 0 5 0 0 16 0 0 0 0 

 Detritus % 0 10  10 10 35 10 0 20 40 70 40 40 10 

 Silt % 0 50  5 10 5 5 10 0 30 25 60 15 20 

 Moss % 0 10  10 0 0 0 0 2 <1 0 0 5 0 

Macrophyte cover  %  0    0  10 0 0 0 0   

Mean depth 
 cm 

40 
10-
15 

10 15 20 2  10  5   50 30 
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Table C.4: Site reach and water quality data collected from each bioassessment site in autumn 2021 

Variable Unit Savage River Main Creek Reference 

C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

Overhanging vegetation Categorical (0-4) 
3 2 2 3 3 

Not 
Sampled 

2 3 2 2 2 3 1 4 

Trailing bank vegetation Categorical (0-4) 1 1 2 2 3  1 3 2 3 2 3 1 4 

Canopy cover Densiometer (%) 12.25 17.75 8.4 55 34.8  23.5 77.3 38.75 14.8 16.75 80.9 77.3 36.25 

Average stream width m 8.7 11.3 7.3 8.3 9.7  22.5 6 11.6 26.6 22.3 13 16 28.3 

Riffle area % 70 60 35 35 20  5 75 70 70 50 10 10 5 

Run area % 20 45 55 55 75  80 20 20 0 40 70 85 95 

Pool area % 10 5 10 10 5  15 5 10 30 10 20 5 0 

Snag cover % 40 5 3 1 1  10 0 5 2 60 1 5 55 

Riparian vegetation cover Left Bank Categorical (0-3) 2 3 2 3 3  3 1 2 3 2 3 3 3 

Riparian vegetation cover Right Bank Categorical (0-3) 2 3 3 3 3  3 3 2 3 2 3 3 3 

Water temperature (oC) 9.7 9.7 12.2 14.1 12.4  11.4 16.0 12.0 10.6 10.5 9.9 10.2 10.3 

Conductivity (µS/cm) 62 62 90 288 458  264 1118 620 72 94 84 90 80 

Turbidity NTU 1.8 1.8 3.17 3.36 2.23  6 0.98 8 9 9 7  9 

Dissolved oxygen concentration mg/L 11.34 11.34 9.91 10.17 9.86  10.62 8.25 10.64 10.85 10.88 10.7 11.09 10.91 

Dissolved oxygen % 99.9 99.9 92.1 98.9 91.6   83.6     97.9  

pH  6.17 6.17 6.61 7.21 7.47  7.47 6.96 7.47 6.51 7.43 7.17 6.7 6.85 

Alkalinity Mg Ca/CO3 21 21        18 29 26 36 24 
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Table C.5: Habitat data collected from each bioassessment site in autumn 2021 

 Variable Unit Savage River Main Creek Reference 

C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

Habitat assessment (Riffle) 
  

     
Not 

Sampled 
        

Substrate composition Bedrock % 10 2 0 0 0  0 1 5 0 0 0 0 0 

 Boulder % 50 3 0 0 15  0 5 25 5 10  0 0 

 Cobble % 20 55 20 30 20  0 40 30 15 30 15 30 0 

 Pebble % 15 20 50 40 40  0 40 25 20 40 45 55 5 

 Gravel % 5 10 25 20 20  15 10 7 40 10 25 15 10 

 Sand % 0 10 5 10 5  80 3 6 20 7 10 <1 80 

 Silt  % 0 0 0 0 0  5 1 4 0 3 5 <1 5 

 Clay % 0 0 0 0 0  0 0 0 0 0 0 0 0 

Dominant substrate class   B C P P P  S C/P C G P P P S 

Benthic cover Algae % 5 0 0 0 0  0 0 0 0 0 0 0 0 

 Detritus % 10 5 1 1 5  10 5 20 5 5 10 1 5 

 Silt % 2 0 0 0 5  10 0 20 5 5 5 5 5 

 Moss % 0 2 0 0   0 0 5 0 0 5 0 0 

Mean depth  cm 40  20 15 15  60 15 45 40 50 40 10 50 

Habitat assessment (Edgewater)                 

Substrate composition Bedrock % 0 5 0 90 0  0 0 5 0 0 0 0 0 

 Boulder % 5 0 0 0 20  0 29 10 5 10 0 0 0 

 Cobble % 30 0 20 0 25  0 60 20 10 30 5 5 0 

 Pebble % 40 5 0 0 25  0 10 30 15 40 30 15 0 

 Gravel % 20 10 0 0 0  70 1 20 45 10 50 40 5 

 Sand % 5 70 10 0 0  20 0 10 20 6 10 0 10 

 Silt  % 0 10 60 10 30  10 0 5 5 4 5 40 80 
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 Variable Unit Savage River Main Creek Reference 

C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

 Clay % 0 0 10 0 0  0 0 0 0 0 0 0 5 

Benthic cover Algae % 5 0 0 1 5  0 7 0 0 0 0 0 0 

 Detritus % 20 40 3 5 10  10 2 10 5 10 0 5 20 

 Silt % 5 0 5 10 60  10 5 10 15 5 0 0 5 

 Moss % 0 2 0 5 0  0 0 10 0 0 0 10 0 

Macrophyte cover  % 0 0   0   7  0   0  

Mean depth  cm 50  15 20 15  60 15 45 40 55 50 5 50 

 

 

 

 

 

 

 

 
 

  



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

This page is intentionally blank. 

 

 

 
 

 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 

D Tasmanian AusRivAS O/E bands 

Table D.1: Tasmanian AusRivAS state-wide river health presence/absence models output lower bandwidths within riffle and edgewater habitats for 
combined and single-season data (Krasnicki 2002, DPIPWE 2018). O/E Bands are highlighted using a ‘traffic-light’ system to visualise which band a site 

falls within 

Band Riffle Edgewater 

 

Description 

 

Combined Spring Autumn Combined Spring Autumn 

X 1.13 1.15 1.14 1.15 1.18 1.19 More biologically diverse than reference sites. 
More taxa found than expected. Potential 
biodiversity hot spot. Possible mild organic 
enrichment. 

A 0.87 0.85 0.85 0.84 0.82 0.81 Reference condition. Most/all of the expected 
families found. Water quality and/or habitat 
condition roughly equivalent to reference sites. 
Impact on water quality and habitat condition 
does not result in a loss of macroinvertebrate 
diversity. 

B 0.62 0.56 0.57 0.54 0.47 0.44 Significantly impaired. Fewer families than 
expected. Potential impact either on water 
quality or habitat quality or both resulting in loss 
of taxa. 

C 0.37 0.27 0.29 0.24 0.12 0.07 Severely impaired. Many fewer families than 
expected. Loss of macroinvertebrate biodiversity 
due to substantial impacts on water and/or 
habitat quality. 

D <0.37 <0.27 <0.29 <0.24 <0.12 <0.07 Extremely impaired. Few of the expected families 
remain. Extremely poor water and/or habitat 
quality. Highly degraded. 
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E Summary of paired t-test results for invertebrate 
metrics derived from Surber samples 

Table E.1: Significant paired t-test results for invertebrate metrics derived from Surber samples 

 Total abundance EPT abundance Number of taxa %EPT taxa 

2020/21 – Control v reference 

Combined Not significant Not significant Not significant Not significant 

Spring Not significant Not significant Not significant Not significant 

Autumn Not significant Not significant t (1) = 39.95 p = 0.016 Not significant 

2020/21 – Reference  

Spring v Autumn Not significant Not significant Not significant Not significant 

2020/21 – Savage River v reference 

Combined Not significant Not significant Not significant Not significant 

Spring Not significant Not significant Not significant Not significant 

Autumn Not significant Not significant Not significant Not significant 

2020/21 – Main Creek v reference 

Combined Not significant Not significant Not significant Not significant 

Spring Not significant Not significant Not significant Not significant 

Autumn Not significant Not significant Not significant Not significant 

2011/12 v 2020/21 – Savage River 

Combined Not significant Not significant t (3) = -4.28 p = 0.023 Not significant 

Spring (excl. D4 v D4a) NS t (3) = -6.13 p = 0.009 t (3) = -3.27 p = 0.047 Not significant 

Spring (incl. D4 v D4a) t (4) = -2.92 p = 0.043 t (4) = -4.14 p = 0.014 t (4) = -2.95 p = 0.042 Not significant 

Autumn Not significant Not significant Not significant Not significant 

2011/12 v 2020/21 – Main Creek 

Combined Not significant Not significant Not significant Not significant 

Spring Not significant Not significant Not significant Not significant 

Autumn t (1) = -14.9 p = 0.043 t (1) = -28.46 p = 0.022 t (1) = -51.51 p = 0.012 Not significant 
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F Analysis of aquatic habitat data 

Based on combined season data, the aquatic habitat in Savage River and Main Creek is not 
significantly different from 2011/12 to 2020/21. However, based on all sites, the aquatic habitat was 
significantly different from 2011/12 to 2020/21 (R = 0.157, p <0.05). 

A higher percent of riffle habitat was recorded in 2011/12 and was statistically significant based on 
pairwise comparison of untransformed data, with site D4 removed from 2011/12 and W3 from the 
2020/21 datasets (t (11) = -2.847, p = 0.016). The higher percent area of riffle could be attributed to 
surveying under different flows or due to geomorphological change in riffle following floods; 
however, the difference in water depth and wetted width were not significant between sampling 
years suggesting the difference is more likely due to the variability in estimating the area of riffle 
between operators. Therefore, the difference in the aquatic habitat for all site groups between 
sampling years may be due to the qualitative measurement of this variable by different operators.  
 
The lower Savage River site D5 and reference site W3 are lowland, broad water sites with low relief 
that are dominated by sand, which contrasts with all other sites, which are steeper and dominated 
by cobbles and pebbles (Table 2.1). Macroinvertebrate community composition at sites D5 and W3 
separate in ordination space from all other sites (Section 3.4.2). The increase in the proportion of 
sand, the wetted width of the channel and the increasing dominance of run habitat was evident in 
autumn 2021 and the combined season data at sites D5 and W3 (Figure F.1).  

Macroinvertebrate community composition in Main Creek altered when compared with the 
reference sites (see Section 3.1.2). In spring 2020, high conductivity correlated with the distance in 
ordination space between the Main Creek sites and other sites, suggesting that water quality is still 
driving the composition of the macroinvertebrate community in some way. Macrophyte cover at site 
M3a was evident in spring 2020 within the riffle habitat (Figure B.6) compared to all other sites.  This 
is possibly a contributing factor to the shift in the composition of the macroinvertebrate community 
at this site in ordination space when compared to other sites, due to the availability of macrophytes 
to the macroinvertebrate community for habitat structure and a source of energy (Figure F.1, 
Figure B.6). 
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Figure F.1:  MDS ordination plots of macroinvertebrate community composition in 2020/21 using the 
a) spring, b) autumn and c) combined season data. The vector overlay shows the direction which 

each highly correlated habitat variable is positioned for each site along each axis. Note: W3 excluded 
from the autumn 2021 plot due to high dissimilarity to all other sites  

a) 

b) 

c) 
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G Macroinvertebrate taxa data 

G.1 Qualitative macroinvertebrate taxa data – riffle habitat 

Table G.1: Qualitative macroinvertebrate taxa data from the riffle habitat in spring 2020 collected using the Tasmanian AusRivAS kick net method 

   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

IJ019999 Nematomorpha Gordiidae                 7           

KG029999 Mollusca Hydrobiidae             1               

LO999999 Oligochaeta Oligochaeta 8 36 12 3   1 3 2 5 10 6 7 9 1 

MM999999 Acarina Acarina 3 5       3 7   1 4 12 1   1 

OP069999 Amphipoda Parameletidae 1 1 3 2       38 5 9 7 7 4 1 

QC09999A  Coleoptera Dytiscidae Adults             2           1 1 

QC09999L   Dytiscidae Larvae             1               

QC209999   Scirtidae 1 3 3 4 1 1   1 12       5 8 

QC34999A   Elmidae Adults 15 16 4 22 58 40 10 20 2 48 22 11 21 35 

QC34999L   Elmidae Larvae 2 9     1   1   3 1 6 2 1 15 

QC379999   Psephenidae               2     2 1     

QD019999 Diptera Tipulidae   1   3 1   9 2 6   3 2 1 2 

QD049999   Blephariceridae           1     9 1 2       

QD099999   Ceratopogonidae       3 18 1 1   2   1       

QD109999   Simuliidae 40 6 39 17   2   3 42 8   8 10   

QD229999   Athericidae   2     4   1 1 2       1   

QDAA9999   Ch. Aphroteniinae   4             3       2   

QDAB9999   Ch. Diamesinae               1             

QDAD9999   Ch. Podonominae     42 16 25 2 3 4   4 2 1 1 5 
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   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

QDAE9999   Ch. Tanypodinae   1   1         1           

QDAF9999   Ch. Orthocladiinae 5 2 1 3 2 2 1 4 5 2 4 5 1 41 

QDAJ9999   Ch. Chironominae                     2 1     

QDAZ9999   Unid Pupae 3   3 1 1 2       1 5 1 3 12 

QE029999  Ephemeroptera Baetidae   2 4 22 26 2 17     1 8 6 4 1 

QE069999   Leptophlebiidae 33 39 53 12 7 24 55 29 17 42 47 33 92 59 

QO219999  Odonata Telephlebiidae               5 1     5 1   

QP019999 Plectoptera Eustheniidae 10 16 1   1     5 5 6 72 20 9   

QP029999   Austroperlidae               1     1 16     

QP039999   Gripopterygidae 15 8 17 13 20 12 4 44 20 16 10 30 3 1 

QT019999 Trichoptera Hydrobiosidae 82 85 54 42 25 16 8 9 1 58 41 13 38 18 

QT029999   Glossosomatidae                       17     

QT049999   Philopotamidae               35 48     12     

QT069999   Hydropsychidae         1 1   11 8   5 1 1   

QT079999   Polycentropodidae       1     4               

QT159999   Conoesucidae 1 1   1 13 11 18 27 3 5 3       

QT189999   Calocidae     1   1 1 5   1   1 3     

QT219999   Philorheithridae 1 6 2       1 1   7 5 3     

QT259999   Leptoceridae   3 10   6 1 7     3 8 3   1 

N Taxa 15 20 16 17 18 18 21 21 24 18 24 25 20 16 

Abundance 220 246 249 166 211 123 159 245 209 226 275 209 208 202 

 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 

Table G.2: Qualitative macroinvertebrate taxa data from the riffle habitat in autumn 2021 collected using the Tasmanian AusRivAS kick net method 

   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

KG029999 Mollusca Hydrobiidae       3        

KP039999  Sphaeriidae              1 

LO999999 Oligochaeta Oligochaeta 6 19 5 3 1   2 2 8 7  7 1 

MM999999 Acarina Acarina  1 1 2 2  1   1 1  1  

OP069999 Crustacea Parameletidae 3 1 4     41 2 3 2 5 5 1 

QC09999A Coleoptera Dytiscidae Adults 1              

QC209999  Scirtidae 2 20 17 3 3  7  16 6 2  32 2 

QC34999A  Elmidae Adults 4 6 11 1 11   16 7 22   1  

QC34999L  Elmidae Larvae  2   1     4 8    

QC379999  Psephenidae 1 1      3 1 2 1    

QD019999 Diptera Tipulidae 2 1 11 3 9  5 2 2  1   2 

QD049999  Blephariceridae    1      3     

QD099999  Ceratopogonidae    2 4  1  1  1    

QD109999  Simuliidae 41 22 33    2 4 3 25 1 3 15  

QD229999  Athericidae    2 1   4 1      

QDAA9999  Ch. Aphroteniinae   1  2          

QDAD9999  Ch. Podonominae 4 2 17 1      3 3 10 2  

QDAF9999  Ch. Orthocladiinae 6 5 7 2 2  3 3 1 7 1  1 3 

QDAJ9999  Ch. Chironominae   1          1 1 

QDAZ9999  Unid Pupae   1 1 1    5      

QE029999 Ephemeroptera Baetidae 7 6 4 43 8     3 51 25 6  

QE069999  Leptophlebiidae 35 62 39 9 7  3 1 1 14 31 33 53 3 

QK019999 Mecoptera Nannochoristidae           1    

QL019999 Lepidoptera Pyralidae     1         1 
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   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

QO219999 Odonata Telephlebiidae        4 6   3   

QP019999 Plectoptera Eustheniidae 21 22 3 6 5   1 7 8 11 7 10  

QP029999  Austroperlidae 1           4   

QP039999  Gripopterygidae 28 13 5 78 13  4 31 24 1  12 3  

QP049999  Notonemouridae    3          8 

QT019999 Trichoptera Hydrobiosidae 6 17 45 44 74  1 15 12 7 8 6 12  

QT029999  Glossosomatidae            3   

QT039999  Hydroptilidae    1 29   29       

QT049999  Philopotamidae        11       

QT069999  Hydropsychidae 1    12   46 19 5 1  1  

QT079999  Polycentropodidae       2    1  1  

QT089999  Ecnomidae       1       1 

QT159999  Conoesucidae 2    3  1 25 11 3 1  3  

QT189999  Calocidae     2   1       

QT219999  Philorheithridae  1 1      4 8 5 1   

QT259999  Leptoceridae 4 4 21 6 5   1 8 4 3 4 1  

N Taxa 19 18 19 19 22  13 19 20 20 21 13 18 11 

Abundance 175 205 227 211 196  34 240 133 137 141 116 155 24 
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G.2 Qualitative macroinvertebrate taxa data – edgewater habitat 

Table G.3: Qualitative macroinvertebrate taxa data from the edgewater habitat in spring 2020 collected using the Tasmanian AusRivAS sweep net 
method 

   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

KG029999 Mollusca Hydrobiidae       5        

LO999999 Oligochaeta Oligochaeta 2  1   1       1 2 

MM999999 Acarina Acarina  2 9 34 69 5 13 2   7  13 1 

OP069999 Amphipoda Parameletidae 9 24 6 3 2 1  57 7 33 12 2 2 44 

OT019999 Decapoda Atyidae       8       1 

QC09999A  Coleoptera Dytiscidae Adults 1   1 1 2 3  1  2    

QC209999   Scirtidae 10 11 3 1     5 2 11 3 4 7 

QC34999A   Elmidae Adults 2 1 1 7 6 1 4 3   2  6 1 

QC34999L   Elmidae Larvae          1 1    

QD019999 Diptera Tipulidae        2 1 3 1  1 3 

QD049999   Blephariceridae   1   1         

QD099999   Ceratopogonidae   1 1 7 1 1  1    3 3 

QD109999   Simuliidae   53     1       

QD229999   Athericidae  1  1 1        1 1 

QD359999   Empididae 1              

QDAD9999   Ch. Podonominae   4  1          

QDAE9999   Ch. Tanypodinae 2 3      1   2   19 

QDAF9999   Ch. Orthocladiinae 7 1 8 3 6 1 3 8 10 1  1 2 16 

QDAJ9999   Ch. Chironominae 8  11      1  1 12 1 3 

QDAZ9999   Unid Pupae 1  1     1     1 2 

QE029999 Ephemeroptera Baetidae    6 3        1  
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   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

QE039999 Ephemeroptera Oniscigastridae          1  3   

QE069999   Leptophlebiidae 5 12 43 9 26 12 10 4 9 19 7 6 9 22 

QH569999 Hemiptera Veliidae 1 6   1 2 4   1  8 1  

QH659999   Corixidae       1        

QO219999 Odonata Telephlebiidae        2      1 

QP019999 Plectoptera Eustheniidae   1        1 1   

QP029999   Austroperlidae            1   

QP039999   Gripopterygidae 5 8 38 26 23 20 2 72 13 1 6 1 12 9 

QP049999   Notonemouridae    2 1  2   4 29 9 6  

QT019999 Trichoptera Hydrobiosidae 1  2 3   2   1 1   2 

QT039999   Hydroptilidae 1              

QT069999   Hydropsychidae   1 1 1   1      1 

QT079999   Polycentropodidae    2 4  2 2 2 1   2 1 

QT089999   Ecnomidae  1      1    1   

QT109999   Limnephilidae         6  1 1   

QT159999   Conoesucidae   4 10 30 3 6 42 1      

QT189999   Calocidae  4 2         1 1  

QT219999   Philorheithridae 4 6 2 1  3   2 5 17 1 3  

QT239999   Atriplectididae   1  1 1     1 1   

QT259999  Leptoceridae 15 2 61 22 12 41 18 21 5 20 41 20 8 8 

N Taxa 17 14 22 18 18 15 16 16 14 14 18 17 20 20 

Abundance 75 82 254 133 195 95 84 220 64 93 143 72 78 147 
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Table G.4: Qualitative macroinvertebrate taxa data from the edgewater habitat in autumn 2021 collected using the Tasmanian AusRivAS sweep net 
method 

   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

KG079999 Gastropod Planorbidae    1         1  

KP039999 Bivalvia Sphaeridae  1             

LO999999 Oligochaeta Oligochaeta 1    2     1  4  3 

MM999999 Acarina Acarina  5 10 21 19  3 2  1 2 3 3 1 

OP069999 Amphipoda Parameletidae 54 64 22 1    12  23 1 3 4  

OT019999 Decapoda Atyidae       4       1 

QC09999A Coleoptera Dytiscidae Adults  2 2  6  1 2 3      

QC139999  Hydraenidae            5   

QC209999  Scirtidae 19 2      1 3 1   1  

QC34999A  Elmidae Adults   1 1 1     2     

QD019999 Diptera Tipulidae 1   1   1  3     1 

QD099999  Ceratopogonidae    2 2     1     

QD109999  Simuliidae   22    2      1 1 

QD229999  Athericidae     1       1   

QDAE9999  Ch. Tanypodinae 3 1 2 6 1     5  8   

QDAF9999  Ch. Orthocladiinae 2  3 8 6   2       

QDAJ9999  Ch. Chironominae 1  6  1     2     

QDAZ9999  Unid Pupae     5        1  

QE029999 Ephemeroptera Baetidae   1 10      1  2 1  

QE039999  Oniscigastridae    2    7    4   

QE069999  Leptophlebiidae 2 12 31 6 2  3 2  18 19 10 22  

QH569999 Hemiptera Veliidae 1 6 1 3 1  1  12    2 1 

QH659999  Corixidae 2 4  1           
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   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

QK019999 Mecoptera Nannochoristidae            5   

QL019999 Lepidoptera Pyralidae   1  1          

QO219999 Odonata Telephlebiidae        5       

QP019999 Plectoptera Eustheniidae          1     

QP039999  Gripopterygidae 2 3 6 3 1  10 16 6 3  5 18 1 

QP049999  Notonemouridae 6 32 4 31 38  2   1 22 1 11 9 

QT019999 Trichoptera Hydrobiosidae  1 5 11   1 4    3 5  

QT029999  Glossosomatidae            1   

QT039999  Hydroptilidae    14 5   96  1  2   

QT069999  Hydropsychidae   1  1  1        

QT079999  Polycentropodidae 1 1 2 5 3     1     

QT089999  Ecnomidae        2    2   

QT109999  Limnephilidae         1      

QT159999  Conoesucidae   1 3 2  4 19 2    3  

QT189999  Calocidae        2   2 2   

QT219999  Philorheithridae 4 4 4 6 1   10 3 4 5 3 1 5 

QT259999  Leptoceridae 28 11 67 9 31  6 62 20 24 13 34 7 2 

N Taxa 15 15 20 21 21  13 16 9 17 7 19 15 10 

Abundance 127 149 192 145 130  39 244 53 90 64 98 81 25 
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G.3 Quantitative macroinvertebrate taxa data – riffle habitat 

Table G.5: Quantitative macroinvertebrate taxa from 10 pooled Surber nets and sub-sampled to 20% from the riffle habitat in spring 2020 

   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

KG029999 Mollusca Hydrobiidae       2       1 

LO999999 Oligochaeta Oligochaeta 21 16 4 2   3 8 3 30 7 3 21 21 

MM999999 Acarina Acarina 2 3 1  1 3 5   3 1 6  1 

OP069999 Amphipoda Parameletidae   1  1   46  2 3 1   

QC09999A Coleoptera Dytiscidae Adults        3 1      

QC09999L  Dytiscidae Larvae        1      1 

QC209999  Scirtidae 9 8 3  2 3   13 13 2 5 13  

QC34999A  Elmidae Adults 10 13  1 2 13 5 8 2 74 6 5 16 10 

QC34999L  Elmidae Larvae 32 104 19 3 13 41 10 16 12 142 43 31 13 79 

QC379999  Psephenidae  1      1 2  10 2  1 

QCAN9999  Curculionidae    1           

QD019999 Diptera Tipulidae  1    1 1  1 8  1   

QD049999  Blephariceridae 1  1 2 1 46   1 20 9 7 6 1 

QD099999  Ceratopogonidae  1 1 4 3 1 1 4 3  2    

QD109999  Simuliidae 40 88 286 19  8 9 1 8 107 174 33 98 34 

QD229999  Athericidae  1   1     2  1 2  

QD359999  Empididae        1       

QDAA9999  Ch. Aphroteniinae  7 1 5 1 8 3 3 18 3 5 2  4 

QDAB9999  Ch. Diamesinae           1    

QDAD9999  Ch. Podonominae 17 17 18 18 4 8 2 2  7 22 31 17 6 

QDAE9999  Ch. Tanypodinae  3 2   1      1   

QDAF9999  Ch. Orthocladiinae 5 12 7 5 4 1 2 5 3 21 81 17 11 2 
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   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3 

QDAJ9999  Ch. Chironominae 1  1 1      1 2 14  2 

QDAZ9999  Unid Pupae 1 3 6 1  2 1 2  2 6 3 2 4 

QE029999 Ephemeroptera Baetidae  2 5 9 3 2 2   2 49 20 3 3 

QE069999  Leptophlebiidae 51 34 18 9 5 14 6 3 1 30 34 28 27 54 

QO219999 Odonata Telephlebiidae        1     1  

QP019999 Plectoptera Eustheniidae 2 3      4  1 13 1 2  

QP029999  Austroperlidae            3   

QP039999  Gripopterygidae 5 3 23 19 13 7 3 12 25 4 19 49 5 6 

QT019999 Trichoptera Hydrobiosidae 8 14 5 3 7 3   2 15 21 4 12 6 

QT029999  Glossosomatidae            41   

QT049999  Philopotamidae        1 8  3    

QT069999  Hydropsychidae 1 1     1 37 7 7 6 3 1  

QT089999  Ecnomidae       1      2 7 

QT159999  Conoesucidae 1   1 9 4 4 41 24 2 4 3   

QT189999  Calocidae    2  1    2 1 3   

QT219999  Philorheithridae 2 2        2     

QT259999  Leptoceridae 6 10 1 1 1 1 2   6 3 2 2 5 

N Taxa 19 23 19 19 17 20 19 21 18 25 26 28 19 20 

Abundance 215 347 403 106 71 168 63 200 134 506 527 320 254 248 
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Table G.6: Quantitative macroinvertebrate taxa from 10 pooled Surber nets and sub-sampled to 20% from the riffle habitat in autumn 2021 

   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3* 

KG029999 Mollusca Hydrobiidae       5      1  

KG069999  Ancylidae    1           

KP039999  Sphaeridae       1        

KG099999  Glacidorbidae            1   

LO999999 Oligochaeta Oligochaeta 8 13 6 26 14  1 5 6 5 2 6 3  

MM999999 Acarina Acarina    1 1          

OP069999 Crustacea Parameletidae 1 2 1     1  14 1 1   

QC209999 Coleoptera Scirtidae 56 80 103 5 62  6 7 42 5 5 9 7  

QC34999A  Elmidae Adults 2 1 4  1   2    8  1 

QC34999L  Elmidae Larvae 18 36 35 14 28  8 19 20 78 7 21 2  

QC379999  Psephenidae 3 1  1 2   4 13 1  2   

QCAN9999  Curculionidae            1   

QD019999 Diptera Tipulidae   3  1  6  3   1   

QD049999  Blephariceridae 1 3       1  9 4 2  

QD099999  Ceratopogonidae  2  1   1  3  1  1  

QD109999  Simuliidae 37  62      13  21 17 110 1 

QD119999  Thaumaleidae    2           

QD229999  Athericidae    1    1 1 1     

QD359999  Empididae 2 1 1 2 5   1 1 1  3   

QDAA9999  Ch. Aphroteniinae 2 6  2 5  6 1 11 5   5  

QDAD9999  Ch. Podonominae 6 6 4 2       2 17 3  

QDAE9999  Ch. Tanypodinae    1      1  3   

QDAF9999  Ch. Orthocladiinae 10 5 11 6 8   7 6 4 4 14 8  

QDAJ9999  Ch. Chironominae   1 3   13  1 9  4   
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   Savage River Main Creek Reference 

Code Order Family/Sub-family C1 C2 D1 D2 D3 D4a D5 M3a M3 Dn1 H1 W1 W2 W3* 

QDAZ9999  Unid Pupae 3 4 1 1        2   

QE029999 Ephemeroptera Baetidae 4 3 27 21 3      12 14 14  

QE069999  Leptophlebiidae 21 21 35 7 3    7 10 4 45 1  

QP019999 Plectoptera Eustheniidae 5 4   1    2  2  1  

QP029999  Austroperlidae 1           4   

QP039999  Gripopterygidae 6 6 6 7 4   16 69   11 13  

QP049999  Notonemouridae 1 1  5 1  1 1 4      

QT019999 Trichoptera Hydrobiosidae  2 7 3 14   5 5 2 4 2 3  

QT029999  Glossosomatidae          1  65   

QT039999  Hydroptilidae   2 20 15   63     2  

QT069999  Hydropsychidae 32 1 1 17 119   177 5   1 5 1 

QT089999  Ecnomidae 1      1  1 2     

QT159999  Conoesucidae 2 5  4 37   83 237  3 17 23  

QT189999  Calocidae   2  3       3   

QT219999  Philorheithridae 4 5   1    3 1  6   

QT259999  Leptoceridae 11 4 7 4 3   2 2  2 13   

N Taxa 24 23 20 25 22  11 17 23 16 15 28 18 3 

Abundance 237 212 319 157 331  49 395 456 140 79 295 204 3 

*data impacted by high flows and difficult sampling conditions 
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H Historical ordination plots 
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Figure H.1: MDS ordination plots of macroinvertebrate community composition in 2011/12 using the 
a) spring, b) autumn and c) combined season data. The curved line terminating in an arrow shows the 
trajectory of community change in relation to the control/reference site groups in sites downstream 

from the site D1 in Savage River. The ellipse illustrates how the macroinvertebrate community 
composition in the control and reference site groups is similar 
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Figure H.2: MDS ordination plots of macroinvertebrate community composition in 2007/08 using the 
a) spring, b) autumn and c) combined season data. The curved line terminating in an arrow shows the 
trajectory of community change in relation to the control/reference site groups in sites downstream 

from the site D1 in Savage River. The ellipse illustrates how the macroinvertebrate community 
composition in the control and reference site groups is similar 
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Figure H.3: MDS ordination plots of macroinvertebrate community composition in 2001 using the a) 
spring, b) autumn and c) combined season data. The curved line terminating in an arrow shows the 

trajectory of community change in relation to the control/reference site groups in sites downstream 
from the site D1 in Savage River. The ellipse illustrates how the macroinvertebrate community 

composition in the control and reference site groups is similar 

  



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

This page is intentionally blank. 



Savage River Rehabilitation Project - Bioassessment 2020/21 Report Revision No: 1.1 
ENTURA-1EB14B 13 July 2022 

 

I Fish data 

I.1 Spring 2020 

Table I.1: Fish community data collected in spring 2020 using a backpack electro-fishing unit 

River Site 

Duty 
time 
(seconds) 

Lampreys Eels Galaxiids Sandy Introduced 

Total 
abundance 

N 
Taxa 

Total CPUE 
(N/15mins) 

Crayfish 

Pouched 
lamprey 
Geotria 
australis 

Short-
headed 
lamprey 
Mordacia 
mordax 

Juvenile 
lamprey 

Short-
finned 
eel 

Anguilla 
australis 

Spotted 
galaxias 

Galaxias 
truttaceus 

Jollytail 

Galaxias 
maculatus 

Climbing 
galaxias) 

Galaxias 
brevipinnis  

Sandy 

Pseudaphritis 
urvillii 

Brown 
trout 

(Salmo 
trutta) 

Freshwater 
crayfish 

Astacopsis 
tricornis 

Savage 
River 

C1 1146         1 1 1 0.8  

C2 1242 2        4 6 2 4.3  

D1 1261         13 13 1 9.3  

D2 655         2 2 1 2.7  

D3 1207         6 6 1 4.5  

D4a 1200 1        8 12 2 9.0  

D5  1218   1 2 5 9  17 3 37 6 27.3  

Main 
Creek 

M3a 1201          0 0 0  

M3 1210          0 0 0  

Reference 

Dn1 1227   1 1   1  4 7 4 5.1  

H1 1305  1 1 2    1 7 12 5 8.3  

W1 1204         15 15 1 11.2  

W2 1200 1        17 18 2 13.5  

W3 945    1 1 7  9 4 22 5 21.0  
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I.2 Autumn 2021 

Table I.2: Fish community data collected in autumn 2021 using a backpack electro-fishing unit 

River Site 
Duty time 
(seconds) 

Lampreys Eels Galaxiids Sandy Introduced 

Total 
abundance 

N 
Taxa 

Total CPUE 
(N/15mins) 

Crayfish 

Pouched 
lamprey 
Geotria 
australis 

Short-
headed 
lamprey 
Mordacia 
mordax 

Juvenile 
lamprey 

Short-
finned eel 

Anguilla 
australis 

Spotted 
galaxias 

Galaxias 
truttaceus 

Jollytail 

Galaxias 
maculatus 

Climbing 
galaxias) 

Galaxias 
brevipinnis  

Sandy 

Pseudaphritis 
urvillii 

Brown 
trout 

(Salmo 
trutta) 

Freshwater 
crayfish 

Astacopsis 
tricornis 

Savage 
River 

C1 1200   1 2     2 5 3 3.8  

C2 1283         1 1 1 0.7  

D1 1253 2        26 28 2 20.1  

D2 1000         6 6 1 5.4  

D3 1250    1     9 10 2 7.2  

D4a 
NOT 
SURVEYED             

 

D5  
FLOW TOO 
HIGH             

 

Main 
Creek 

M3a 1202          0 0 0  

M3 1200          0 0 0 1 

Reference 

Dn1 1100         2 2 1 1.6  

H1 1200    2     5 7 2 5.3  

W1 1205         3 3 1 2.2 1 

W2 1150    1 4    1 6 3 4.7  

W3 
FLOW TOO 
HIGH             

 

 


