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“IMPORTANT NOTE” 

Apart from fair dealing for the purposes of private study, research, criticism, or review as permitted under the Copyright 

Act, no part of this report, its attachments or appendices may be reproduced by any process without the written consent 

of Biologic Environmental Survey Pty Ltd (“Biologic”). All enquiries should be directed to Biologic. 

We have prepared this report for the sole purposes of Rio Tinto Iron Ore (“Client”) for the specific purpose only for 

which it is supplied. This report is strictly limited to the Purpose and the facts and matters stated in it do not apply 

directly or indirectly and will not be used for any other application, purpose, use or matter.  

In preparing this report we have made certain assumptions. We have assumed that all information and documents 
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Where we have obtained information from a government register or database, we have assumed that the information 

is accurate. Where an assumption has been made, we have not made any independent investigations with respect to 

the matters the subject of that assumption. We are not aware of any reason why any of the assumptions are incorrect. 

This report is presented without the assumption of a duty of care to any other person (other than the Client) (“Third 
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a Third Party publishing, using or relying on the facts, content, opinions or subject matter contained in this report.  

If a Third Party uses or relies on the facts, content, opinions or subject matter contained in this report with or without 

the consent of Biologic, Biologic disclaims all risk and the Third Party assumes all risk and releases and indemnifies 

and agrees to keep indemnified Biologic from any loss, damage, claim or liability arising directly or indirectly from the 

use of or reliance on this report. 

In this note, a reference to loss and damage includes past and prospective economic loss, loss of profits, damage to 

property, injury to any person (including death) costs and expenses incurred in taking measures to prevent, mitigate or 
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EXECUTIVE SUMMARY 

Background 

Biologic Environmental Survey (Biologic) was engaged by Rio Tinto Iron Ore (Rio Tinto) to 

undertake a two-phase aquatic ecosystem survey of drainage systems within, and nearby to, 

the Greater Paraburdoo Iron Ore Hub Proposal (the Study Area). Rio Tinto, on behalf of the 

joint venture participants, is evaluating the development of several iron ore deposits within this 

area, including the development of a new iron ore mine at Western Range and the extension 

of existing operations at Paraburdoo and Eastern Range. As part of the development, 

dewatering and discharge are required to access ore below the water table. There may be 

potential impacts to aquatic systems as a result of these operations. 

Sites and methods 

Three significant creeks traverse the Study Area (Seven-Mile Creek, Pirraburdu Creek, and a 

tributary of Six-Mile Creek), while seasonal flow occurs within Western Range and Eastern 

Range. Semi-permanent and spring-fed pools occur within Seven-Mile Creek and Pirraburdu 

Creek. Aquatic surveys were undertaken in September 2019 (dry season) and June 2020 (late 

wet season) at six sites within Seven-Mile Creek, five sites within Pirraburdu Creek, three sites 

within Western Range, three sites within Eastern range, and three reference sites within nearby 

Turee Creek. Aquatic surveys comprised habitat assessments, and sampling of water quality, 

wetland flora (submerged and emergent macrophytes, and fringing vegetation), hyporheos 

invertebrate fauna, macroinvertebrate fauna, and fish. Other vertebrate aquatic fauna observed 

during the survey were also recorded. 

Five sites were dry during the dry season survey (SM1, PC4, PC5, WR1 and WR3) and two 

during the wet (PC4 and PC5). Sediments were collected from these five sites and 

rehydration/emergence trials undertaken in the Biologic laboratory.  

Habitat and water quality 

Sites along Seven-Mile Creek, Pirraburdu Creek and at ER3 support an open Eucalyptus 

camaldulensis overstorey. This species is a facultative phreatophyte (groundwater dependent 

vegetation; GDV) and may utilise groundwater when it is available (but is not solely dependent 

on groundwater). A diversity of other mesic species also occur in close association with these 

creeklines, such as Cyperus vaginatus, Cyperus difformis, Schoenoplectus subulatus and 

Typha domingensis. The presence of the aforementioned species suggests groundwater is 

persistently at or just below the surface at sites sampled along Seven-Mile Creek, Pirraburdu 

Creek and at ER3. In-stream habitats of most sites (except SM3 and the potential impact gorge 

pools; WR1, WR2, WR3, ER1) comprised a diversity of complex, heterogenous structures with 

which to support aquatic fauna.  

In the dry season, pools appeared stressed and were showing the effects of successive dry 

years. Low rainfall and lack of flushing led to creeks and waterholes receding and undergoing 

evapoconcentration of ions and nutrients. The general lack of water in the area also meant that 

cattle were concentrated around these remaining pools (especially along Seven-Mile Creek, 
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Pirraburdu Creek and reference sites on Turee Creek), leading to increased nutrient loads and 

abundant algal and macrophyte growth. Despite the good wet season, with heavy rainfall and 

associated flooding in early 2020, pools were still elevated in nitrogen nutrients, and EC was 

relatively high (especially at Seven-Mile Creek) during the wet season survey. 

Water quality concentrations outside ANZECC & ARMCANZ (2000) DGVs were recorded for 

several analytes from most sites. Exceedances of DGVs included: 

• EC – at all sites except ER1, WR2 and WR3. 

• DO – most sites recorded low DO, below the lower DGV, in at least one season. 

• DO – SM3 recorded super-saturated DO, in excess of the DGV. 

• pH – ER1 recorded acidic pH in the dry season, below the lower default GV. 

• pH – A number of sites recorded basic pH, greater than the DGV. Slightly basic pH is 

not unexpected for Pilbara pools. 

• Turbidity – exceeded the DGV at SM4, PC2 and ER1. 

• N_NH3 - concentrations exceeded the 95% toxicity DGV at SM3 (wet season) and TC3 

(dry). 

• N_NO3 – a number of sites exceeded the 95 % toxicity DGV, including SM4, SM5, 

SM6, PC1, PC3 and TC1. SM4 recorded notably higher N_NO3 concentrations than all 

other sites, particularly in the wet season. 

• N_NOx - exceeded the eutrophication DGV at all sites in the dry season, and all but 

SM1, SM3 and WR1 in the wet. 

• TN – all sites except WR2 exceeded the eutrophication DGV in the dry, and all but SM1 

and SM2 in the wet. 

• TP – concentrations were higher than the eutrophication DGV at all sites. 

• dAl - the 95% toxicity DGV was exceeded at ER1 and TC3 in the wet season. The dAl 

concentration recorded from ER1 was notably high, being almost nine times greater 

than the 95% DGV (0.49 mg/L). 

• dB - exceeded the 95% toxicity DGV at most sites, except WR1 (wet), WR2 (both 

seasons) and ER1 (both seasons). The concentrations recorded here are not atypical 

for Pilbara surface waters, with many pools commonly recording values within the 

range seen here.  

• dCr - SM4 (in the wet) and reference site TC1 (in both seasons) exceeded the 95% 

toxicity DGV for Cr (VI). However, once hardness was taken into account, these sites 

did not exceed the HMGV. Interestingly, due to the low hardness recorded from ER1, 

the HMGV was lower than the DGV, resulting in an exceedance of the HMGV at this 

site in the wet season.  

• dCu - was above the 95% toxicity DGV at two sites in the wet season; WR3 and TC3.  

The fact that baseline water quality of reference sites, outside areas of current discharge, 

showed elevated concentrations of a number of analytes in comparison to DGVs highlights the 

need for site-specific guideline values (SSGVs) to be developed, prior to any discharge or 
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further development. Biologic are currently undertaking this work for Rio Tinto, the results of 

which will be reported separately. 

Elevated nitrogen nutrients were likely the result of direct cattle access to waters at some sites 

(i.e. along Seven-Mile Creek, Pirraburdu Creek and reference sites on Turee Creek), and 

discharge of groundwater with high nutrient concentrations downstream of the current 

discharge point (i.e. SM4). 

Multivariate analysis indicated that the differences in water quality were more strongly 

influenced by hydrology/position in the landscape rather than creek, i.e. water quality of the 

gorge pools at Eastern and Western Range were different to major creekline pools (Seven-Mile 

Creek and Pirraburdu Creek). Concentrations of ions were much lower at gorge pools, likely 

reflecting the lack of evaporation (and therefore reduced evapoconcentration), as well as 

greater contributions from rainfall rather than groundwater. Correspondingly, EC was also low 

at these sites. Nutrient and dissolved metal level concentrations were also generally lower than 

Seven-Mile and Pirraburdu Creek. 

There was also significant difference in water quality between site type (a priori groupings, i.e. 

reference, potential impact, or currently impacted). The currently impacted sites SM4 and SM6 

(at least in the dry season) separated from all other sites, likely due to the discharge from the 

Primary Plant. 

Aquatic flora 

A total of 13 macrophyte taxa was recorded during the survey; six emergent taxa (Cyperus 

difformis, Cyperus hesperius, Cyperus vaginatus, Cyperus ?vaginatus and Schoenoplectus 

subulatus) and six submerged macrophyte taxa (Chara spp., Najas marina, Najas tenuifolia, 

Vallisneria annua, Potamogeton tepperi, Potamogeton tricarinatus and Ruppia sp.). No 

macrophytes were recorded from PC5 or WR3, likely due to the ephemeral nature of these 

sites. No submerged macrophytes were recorded from the hydrocarbon contaminated SM4.  

None of the emergent or submerged macrophytes collected were of conservation significance; 

however, a declared rare flora (DRF), Aluta quadrata, was found along the dry creekbed at 

WR3 in Western Range. Aluta quadrata is restricted to a banded iron formation that runs east 

and west of Paraburdoo, in the southern edge of the Hamersley Range. There are three known 

disjunct populations; Western Range, Pirraburdu Creek, and Channar. 

Aquatic fauna 

Pools within the Greater Paraburdoo Iron Ore Hub supported a diverse range of aquatic fauna, 

including 378 invertebrate taxa1, five freshwater fish species, one species of turtle and one 

species of frog.  

Sites of highest ecological value were all reference sites; SM2, PC1, PC2 and ER3. These sites 

generally recorded a high macroinvertebrate diversity, high richness of hyporheos fauna (SM2, 

 

1 The total invertebrate richness includes taxa recorded in both hyporheic and macroinvertebrate samples, 
as well as emergences during rehydration trials. 



Greater Paraburdoo: Aquatic Ecosystem Survey Report Dry 2019 and Wet 2020 

 

Page 11 of 136 
 

PC2 and ER3), high Pilbara endemic taxa richness, the greatest diversity and abundance of 

fish, the listed Fortescue grunter (DBCA Priority 4, IUCN Near Threatened), and the flat-shelled 

turtle Chelodina steindachneri. SM2 and ER3 also supported GDVs. While the potential impact 

site, WR3, generally recorded low richness of aquatic fauna, it did support two Potential SREs 

(data deficient) (?Ampullacypris sp. `BOS1469` and Metacyclops sp. 3443 `BCY073`), both of 

which constituted first records (see Table 5.1), and the relatively uncommon clam shrimp 

Limnadopsis pilbarensis. The lack of stygal species and hyporheos fauna in general likely 

reflects the lack of connection to groundwaters at WR3.  

The aquatic fauna assemblage of currently impacted site (and future potential impact site) SM4 

was displaying effects of hydrocarbon and nitrogen nutrient contamination, with low diversity of 

macroinvertebrates, high abundance of tolerant and nuisance taxa such as Nematoda, lack of 

sensitive and Pilbara endemic taxa, and no fish. Some of the invertebrates recorded from SM4 

may have been dead on collection. 

Despite the seemingly high diversity recorded in the current study, the number of 

macroinvertebrate taxa recorded was generally comparable to, or slightly lower than nearby 

sites sampled during the PBS (in 2004 and 2005). Water quality data were not available for 

comparison, but these previous surveys were undertaken following a much wetter period, and 

as such, surface waters in pools would likely have been higher, and nutrients and ions were 

likely considerably less concentrated than the current study. 

Multivariate analysis found that overall, the macroinvertebrate assemblages of Seven-Mile 

Creek and Pirraburdu Creek were statistically similar to one another, but were significantly 

different to those recorded from the gorge pools at Eastern and Western Range. There was 

also a significant difference in macroinvertebrate assemblages between seasons.  

Given the contamination present at SM4, lower average macroinvertebrate richness was 

recorded from currently impacted sites in comparison to reference and potential impact sites. 

However, this difference was not significant. While there was no significant difference in the 

number of Pilbara endemic taxa recorded between site type, perhaps unsurprisingly a lower 

average number of endemic taxa was generally recorded from currently impacted sites. 

Interestingly, the greatest average richness of Pilbara endemic taxa was recorded from 

potential impact sites. 

A total of 15 taxa recorded during the current survey were of scientific interest or conservation 

significance, including two listed species (see Table 5.1). Six Potential SREs (data deficient) 

were recorded from potential impact sites. These included ?Ampullacypris sp. `BOS1469` 

(WR3 as well as reference site TC2), Metacyclops sp. 3443 `BCY073`   (WR3), Pilbarus millsi 

(SM6 but also reference site PC3), Paramelitidae Genus 2 sp. B19 (SM6), Wandesia sp. (SM6, 

but also upstream at reference site SM3), Arrenurus sp. `BAC005` (ER1). Of these, three were 

also recorded from reference sites, which will be unlikely to be impacted by the proposed 

development. 
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Final remarks 

Due to the aridity of the Pilbara, rivers of the region tend to be ephemeral. Streamflow is highly 

seasonal and variable, and generally occurs over the summer months in response to cyclonic 

events and thunderstorms. As such, permanent water sources are relatively scarce and 

restricted to springs and permanent pools. Such predictable sources of water have high 

conservation importance as they support richer faunas than ephemeral water-bodies and 

provide a refuge for many species during drought (Halse et al., 2002; Kay et al., 1999). This 

was the case in the current study, with the spring sites and permanent pools in the Study Area 

(i.e. SM2, PC1, PC2 and ER3) found to support a notably high diversity of aquatic flora and 

invertebrate taxa, compared to the more ephemeral gorge pools which lack a connection to 

groundwater (Western and Eastern Range potential impact sites). Permanent pools are also 

known to provide an important source for colonisation of newly flooded pools and maintenance 

of invertebrate species at the regional level (Halse et al., 2002). Permanent springs in shaded 

gorges and riverbeds support a suite of mesic-adapted species that are otherwise rare in the 

region. As such, the spring and permanent pool sites within the Study Area are of ecological 

importance in the region. 

This study represents the first aquatic ecosystem survey undertaken within the Greater 

Paraburdoo Iron Ore Hub. Results from this survey provide an assessment of the ecological 

values and health of aquatic systems within the Study Area, and address the EPA requirements 

relating to the Inland Waters Environmental Quality key environmental factor, specifically the 

need to: 

• Characterise the baseline ecological values and water quality, both in a local and 

regional context, including, but not limited to aquatic fauna assemblages and water 

quality. 

• Analyse, discuss, and assess potential groundwater and surface water impacts (direct 

and indirect) including impacts through drawdown, discharge, or changes to 

hydrological regimes. 

Recommendations for further work are provided in a separate recommendation’s memo. 
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1. INTRODUCTION 

1.1 Background 

Rio Tinto (Rio Tinto) owns and operates the Greater Paraburdoo mining operations in the 

Pilbara region of Western Australia, approximately six km south of the town of Paraburdoo 

(Figure 1.1). Rio Tinto, on behalf of the joint venture participants, is evaluating the development 

of several iron ore deposits within this area, including the development of a new iron ore mine 

at Western Range and the extension of existing operations at Paraburdoo and Eastern Range 

(the Proposal).  

Biologic Environmental Survey (Biologic) was engaged by Rio Tinto Iron Ore (Rio Tinto) to 

undertake a two-phase aquatic ecosystem survey of drainage systems within, and nearby to, 

the Greater Paraburdoo Iron Ore Hub Proposal (the Study Area). Three significant creeks 

traverse the Study Area (Seven-Mile Creek, Pirraburdu Creek, and a tributary of Six-Mile 

Creek), while seasonal flow occurs within Western Range and Eastern Range. Semi-permanent 

and spring-fed pools occur within Seven-Mile Creek and Pirraburdu Creek. 

As part of the development, dewatering and discharge are required to access ore below the 

water table, and this has the potential to impact aquatic systems in the area. Water discharge 

will potentially affect streamflow and water chemistry in Seven-Mile Creek and Pirraburdu 

Creek. Rio Tinto estimates that surplus water of up to 1.7 GL/a will require management 

intermittently over the life of the Proposal and that this will occur via a combination of discharge 

to surface water systems and disused mine pits. Additionally, a surplus is also expected to 

occur approximately four times per year due to plant maintenance shuts (Rio Tinto, 2020). 

Dewatering and subsequent groundwater drawdown may also impact nearby aquatic systems. 

The Proposal was referred to the EPA in November 2008. Rio Tinto noted that requirements 

identified in the EPA approved Environmental Scoping relating to aquatic fauna had not yet 

been addressed. Specifically, the following requirements were included under the Inland 

Waters Environmental Quality key environmental factor: 

• Characterise the baseline ecological values and water quality, both in a local and 

regional context, including, but not limited to aquatic fauna assemblages and water 

quality 

• Analyse, discuss, and assess potential groundwater and surface water impacts (direct 

and indirect) including impacts through drawdown, discharge, or changes to 

hydrological regimes. 

Rio Tinto then commissioned Biologic to undertake a two-phase aquatic fauna survey to 

address this gap in biological knowledge. This survey will support the development of the 

Environmental Review Document and inform the impact assessment for the Project. This report 

presents the findings from the two rounds of sampling in the dry season of 2019 (dry-19) and 

in the wet season of 2020 (wet-20). 
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1.2 Project summary 

The Greater Paraburdoo mining operations commenced production in 1972 and active iron ore 

mining of several deposits is currently ongoing at Paraburdoo and Eastern Range. The Greater 

Paraburdoo Iron Ore Hub Proposal includes the development of a new iron ore mine at Western 

Range, and the expansion of existing mining operations, and associated infrastructure, at 

Paraburdoo and Eastern Range (Figure 1.2). The Proposal aims to sustain the current level of 

iron ore production at approximately 25 Mt/a from the Greater Paraburdoo locality.  

The key components of the Proposal are: 

• development of new pits at Western Range (deposits 36 West to 66 West); 

• development of the 4 East Extension (4EE) at Paraburdoo as an extension of the 

existing 4 East BWT pit, including new dewatering of the Wittenoom Formation; 

• development of new AWT pits at Paraburdoo (deposits 14W-16W and 27 West); and 

• development of new AWT pits at Eastern Range (deposits 42EE and 47 East). 

Groundwater has been abstracted in the 4 East and 4 West area since 2001, resulting in the 

development of a cone of depression in the Brockman Iron Formation aquifer (Rio Tinto, 

2018b). Further groundwater drawdown associated with the proposed mining activities is 

expected to occur in the area, with groundwater abstraction not expected to exceed 14 GL/year. 

Discharge currently occurs into Seven-Mile Creek from the Paraburdoo Plant. This maintains 

pools in the creek, downstream of the discharge point for approximately 2.5 km, depending on 

volumes discharged and climatic conditions (wet season rainfall/natural flows).  

1.3 Legislation and guidance 

There is currently (as of September 2020) no EPA Technical Guidance applicable to the Inland 

Waters Environmental Factor; however, this survey was carried out in a manner consistent with 

the following guidelines: 

• Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 

& ARMCANZ, 2000; ANZG, 2018); 

• Environmental Factor Guideline: Inland Waters (EPA, 2018); 

• Technical Guidance: Sampling of Short-Range Endemic Invertebrate Fauna (EPA, 

2016a); 

• Technical Guidance: Terrestrial Fauna Surveys (EPA, 2016b); and 

• Similar surveys, including the Pilbara Biological Survey (Pinder et al., 2010) and the 

Monitoring River Health Initiative (Choy & Thompson, 1995). 
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1.4 Scope of works 

The scope of works included a two-phase aquatic fauna survey of pools within the Greater 

Paraburdoo Iron Ore Hub, including reference sites. Specifically, this involved: 

• Habitat assessments and sampling of water quality (pH, DO, water temperature, 

electrical conductivity, general ions, nutrients, dissolved metals, TSS), 

macroinvertebrates, hyporheos fauna, and fish within pools at Seven-Mile Creek, 

Pirraburdu Creek, Western Range, Eastern Range and Turee Creek; 

• Preparation of an interim report following Phase 1 (dry 2019 sampling) (Biologic, 2020);  

• Preparation of a detailed, technical report of all findings (Phase 1 and 2 – dry 2019 and 

wet 2020 sampling; this report); and 

• Preparation of a letter-style recommendations/strategic advice report (submitted 

separately). 
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2 ENVIRONMENT 

2.1 Biogeography 

The Study Area lies on the border of the Pilbara and Gascoyne bioregions, as defined by the 

Interim Biogeographic Regionalisation of Australia (IBRA) (Thackway & Cresswell, 1995). More 

specifically, the Study Area lies within the Hamersley subregion of the Pilbara (PIL3) and the 

Ashburton subregion of the Gascoyne (GAS1) (Kendrick, 2001a, 2001b) (Figure 1.1). 

The Hamersley subregion is the southern section of the Pilbara Craton, and comprises a 

mountainous area of Proterozoic sedimentary ranges and plateaux, dissected by basalt, shale 

and dolerite gorges (Kendrick, 2001b). Vegetation in the valley floors is predominately 

characterised by low mulga woodland over bunch grasses, with Eucalyptus leucophloia over 

Triodia brizoides dominating the skeletal soils on the ranges (Kendrick, 2001b). The Ashburton 

subregion is mountainous range country divided by broad flat valleys, with mulga woodlands 

on the plains and mulga scrub and Eremophila shrublands on the shallow loams of the ranges 

(Kendrick, 2001a). Drainage in the Study Area is to the south-west, into the Ashburton River. 

2.2 Hydrology 

The Study Area is traversed by a series of ephemeral tributaries of the Ashburton River Basin, 

including Turee Creek, Six-Mile Creek, Seven-Mile Creek, and Pirraburdu Creek. Together, the 

Six-Mile Creek (1,345 km2), Seven-Mile Creek (2,575 km2) and Turee Creek (6,910 km2) sub-

catchments account for around 15% of the Ashburton River Basin (Rio Tinto, 2019a). Flow 

direction is generally from north-east to south-west, intersecting the north-west to south-east 

trending Paraburdoo Ranges at roughly perpendicular angles (Figure 2.1).  

Pirraburdu Creek flows through the western portion of the Paraburdoo mining area, separating 

the 11W and 4W deposits before joining Seven-Mile Creek south-west of the Paraburdoo 

Ranges (Figure 2.1). The Pirraburdu catchment is located to the north of the Paraburdoo 

Ranges and spans roughly 482 km2. The catchment has a geology dominated by largely 

impermeable volcanic rocks, therefore only modest rainfall is needed to generate substantial 

surface water flows (Rio Tinto, 2016). 

Seven-Mile Creek passes through the Paraburdoo Ranges at ~340 mRL within a 200 m wide 

valley that separates Paraburdoo’s 4W and 4E deposits (Rio Tinto, 2018a). Seven-Mile Creek 

discharges into the Ashburton River at Deolan Pool, approximately 58 km downstream of the 

Study Area (Rio Tinto, 2019a). Seven-Mile Creek periodically floods following heavy rainfall, 

with flows up to 2 m recorded. Ephemeral pools occur upstream and downstream of the mine 

as surface flows recede. The Seven-Mile Creek catchment is located to the north of the ranges, 

spanning roughly 1200 km2, with Bellary Creek as a major tributary (Figure 2.1) (Rio Tinto, 

2018a).  

The Western Range deposits are located west of the Paraburdoo mining area and straddle the 

catchment divide between Six-Mile Creek and Pirraburdu Creek. A tributary of Six-Mile Creek 
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cuts through the deposit at the western end of Western Range (Figure 2.1). The surface water 

regime in Western Range is influenced by the steeply incised gullies (Rio Tinto, 2019b). These 

gullies form headwaters to both major creeks, which flow in a southerly direction. Pools in the 

area are fed by upper catchment runoff following rainfall, with their persistence dependent on 

substrate type and aspect (i.e. gorge pools located against cliff faces which are shaded for most 

of the day can be maintained by reduced evaporation). Isotope analysis indicated surface 

waters in Western Range pools reflect locally derived rainfall, rather than aged groundwater 

inflows (Rio Tinto, 2019b). Due to the steep topography, flow velocities can be high following 

rainfall events (Rio Tinto, 2019b). 

Turee Creek is located south of the Channar Mining Operations and hosts the Turee Creek 

Borefield (Figure 2.1). The headwaters of Turee Creek arise within Karijini National Park, from 

two main branches: Turee Creek main branch within 6 km of Marandoo and Turee Creek East 

Branch less than 1 km from West Angelas. Turee Creek flows roughly from east to west along 

the southern edge of a valley bounded by the Brockman Iron Formation ridges to the north and 

the Wyloo Group to the south (Rio Tinto, 2017). Turee Creek is ephemeral, but large pools 

persist within the creek following surface flows, and several semi-permanent and permanent 

pools are located along its length. After turning southwards and then further westwards below 

the Channar Borefield, Turee Creek is sequentially joined by its tributaries from the north, 

including Seven-Mile Creek, Pirraburdu Creek and Six-Mile Creek, before eventually merging 

with the Ashburton River. 
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2.3 Climate 

The Pilbara region has a semi-desert to tropical climate, with relatively dry winters and hot 

summers. Rainfall is highly variable, mostly occurs during the summer, and is associated with 

convective thunderstorms, low pressure systems and tropical cyclones that generate 

ephemeral flows and occasional flooding in creeks and rivers. Due to the nature of cyclonic 

events and thunderstorms, total annual rainfall in the region is highly unpredictable and 

individual storms can contribute several hundred millimetres of rain at one time. The average 

annual rainfall over the broader Pilbara area ranges from around 200 – 350 millimetres (mm) 

(predominantly in January, February, and March), although rainfall may vary widely from year 

to year (van Etten, 2009). Temperatures vary considerably throughout the year with average 

maximum summer temperatures reaching 35 °C to 40 °C and winter temperatures generally 

fluctuating between 22 °C and 30 °C. 

Nearby rainfall gauging stations for the Study Area include; the Bureau of Meteorology (BoM) 

Paraburdoo Aero Station (#7185; length of record 1974 – current), located approximately 10 

km north east of the Study Area, and the Department of Water and Environmental Regulation 

(DWER) Ashburton River Capricorn Range Station (#507002; length of record 1972 – current), 

located approximately 65 km south west of the Study Area. Average annual rainfall recorded 

from Paraburdoo Aero is 310.2 mm (BoM, 2020), in comparison to 285.90 mm recorded from 

Ashburton River Capricorn Range (DWER, 2020). The range in annual rainfall at Ashburton 

River Capricorn Range was 104.3 mm (recorded in 1983) to 601.2 mm (in 2006), illustrating 

the high inter-annual variability in rainfall in the region. 

Generally, average annual rainfall has decreased over the last few decades (Figure 2.2). At the 

Ashburton River Gauging Station, average annual rainfall was 332.78 mm between 1990 and 

1999, 299.74 mm between 2000 and 2009, and 262.7 mm between 2010 and 2019 (Figure 

2.2).  

No streamflow stations exist within the Study Area. The closest nearby DWER streamflow 

gauging station is located at Turee Creek (Broken Springs; station number 706004), 

approximately 45 km to the north east of the Study Area (25 km north of TC1). However, this 

station has been closed since 1980, with no streamflow data available online. Unfortunately, 

using streamflow data from other catchments would not be indicative of flows within Seven-Mile 

Creek, Pirraburdu Creek or Turee Creek, in the vicinity of the Study Area. It is assumed that 

like elsewhere in the Pilbara, streamflow is directly dependent on rainfall. 
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Figure 2.2: Monthly rainfall data for the DWER Ashburton River Capricorn Range Gauging Station (507002) recorded between January 2000 and June 2020 (from DWER, 
2020).  
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2.4 Current discharge regime 

Groundwater discharge currently flows into Seven-Mile Creek from the Paraburdoo Plant. This 

discharge maintains pools in the creek, downstream of the discharge point for approximately 

2.5 km, depending on discharge volume and climatic conditions (wet season rainfall/natural 

flow). Average monthly discharge between November 2017 and July 2020 was 102.03 ML. 

Greatest discharge over this period occurred in March 2020 (212.81 ML), followed by April 2020 

(157.19 ML; Figure 2.3). Lowest discharge was 0.92 ML and occurred during the month of the 

dry season survey, in September 2019 (Figure 2.3). Total annual discharge in 2018 was 

1019.53 ML. This total excludes four months (May, June, July, and September) when data 

quality was questionable, due to a blockage in the v-notch weir and/or lack of flows through the 

v-notch. Total annual discharge in 2019 was 465.21 ML, excluding three months with 

questionable data (February, March, and November). 

 

Figure 2.3. Monthly discharge volumes (ML) from the Paraburdoo Plant into Seven-Mile 
Creek. NB – months with no data indicate data quality was questionable (i.e. 
blockage in the v-notch weir).  
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3 METHODS 

3.1 Desktop assessment 

A desktop assessment, comprising database searches and a literature review, was 

undertaken prior to the field survey. The purpose of the desktop assessment was to 

determine the extent of any prior aquatic ecosystem surveys within or nearby the Study 

Area, and to identify aquatic fauna species occurring, or likely to occur, in the area, including 

conservation significant species. 

3.1.1 Database searches 

Three databases were searched for aquatic fauna records within and surrounding the Study 

Area (Table 3.1). Records of all aquatic worms, mites, insects, crustaceans, molluscs, hydra, 

sponges, rotifers, fish, turtles, frogs, and waterbirds were extracted. 

Table 3.1: Details of database searches conducted 

Database 
Data Access/ 
Receival Date 

Search Area 

DBCA (2019) NatureMap 02/10/2019 
Centre point of the Study Area  
(-23.265336, 117.831364) with a 100 
km buffer 

Atlas of Living Australia (2019) 02/10/2019 
Centre point of the Study Area  
(-23.265336, 117.831364) with a 100 
km buffer 

DoEE (2019) Protected Matters 
Search Tool 

03/10/2019 
Centre point of the Study Area  
(-23.265336, 117.831364) with a 100 
km buffer 

Other data sources referenced for this desktop assessment included:  

• ABRS (2020) Australian Faunal Directory; 

• The Australian National Insect Collection Database; and 

• MRHI database. 

3.1.2 Literature review 

A review of relevant available literature was also undertaken to add additional aquatic fauna 

species and local context (Table 3.2; Figure 3.1). The closest relevant aquatic survey was 

conducted as part of the Pilbara Biological Survey (PBS) undertaken by Pinder et al. (2010). 

Aquatic flora, zooplankton and macroinvertebrates were sampled as part of the PBS, with the 

closest site lying approximately 36 km from the Study Area. Two sites previously sampled by 

Pinder et al., (2010) at Turee Creek were targeted during the current survey (Fork Spring and 

Paperbark Spring).  
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3.2 Field survey 

3.2.1 Survey team 

Fauna sampling for this survey was conducted under DBCA Fauna Taking (Biological 

Assessment) Licence BA27000093 issued to Kim Nguyen and DPIRD Instrument of Exemption to 

the Fish Resources Management Act 1994 Section 7 (2) number: 3266 issued to Jessica Delaney. 

Flora was collected under DBCA Flora Taking (Biological Assessment) Licence FB62000095, also 

issued to Jessica Delaney. 

The dry season survey was undertaken by Biologic zoologists Jessica Delaney (Principal 

Zoologist | Manager of Aquatic Ecology), Kim Nguyen (Senior Zoologist | Aquatic Ecologist), and 

Morgan Lythe (Senior Zoologist | Aquatic Ecologist) and the wet season survey by Kim Nguyen, 

Morgan Lythe, and Siobhan Paget (Graduate Zoologist | Aquatic Ecologist). All have extensive 

experience undertaking aquatic ecosystem surveys in the Pilbara. Macroinvertebrate specimens 

were identified in-house by Alex Riemer, Kim Nguyen, Syngeon Rodman, Morgan Lythe, Mary 

van Wees, and Julianna Pille Arnold, with assistance from external taxonomists, where required 

for specific groups (i.e. Jane McRae, Bennelongia, for Cladocera, Copepoda and Ostracoda). 

Flora samples (submerged and emergent macrophytes, and fringing vegetation) were identified 

by Biologic botanists Clinton van den Bergh (Principal Botanist | Manager of Botany), Samuel 

Coultas (Senior Botanist), Emily Eakin-Busher (Botanist), Kaylin Geelhoed (Botanist), in 

conjunction with Syngeon Rodman and Alex Riemer (both Senior Zoologists | Aquatic Ecologists).  

3.2.2 Survey timing and weather 

Sampling was undertaken in the dry season of 2019 (11th to 18th September) and the late wet 

season of 2020 (1st to 11th June). The dry season survey was undertaken at a time of above 

average ambient temperature. Maximum daytime temperatures over the survey averaged 36.0 

°C, in comparison to the long-term average for September of 31.4°C. There was no rainfall during 

or immediately preceding the dry season survey and the wet season of 2018/19 was considerably 

drier than normal, with less than half the long-term average wet season rainfall (long-term wet 

season average = 240.4 mm) being recorded (2018/19 wet season = 113 mm; (Figure 3.2). The 

low rainfall in the preceding year affected streamflow in the creeks sampled, with most pools 

having receded considerably by the time of the survey.  

During the wet season survey, maximum daytime temperatures averaged 27.2 °C, which was 

slightly warmer than the long-term June average (25.2 °C). There was no rainfall during the survey, 

however 36 mm was recorded just five days prior. In addition, the 2019/2020 wet season was 

heavily influenced by cyclonic activity which led to high rainfall across the East Pilbara. Ex-Tropical 

Cyclone (TC) Blake produced heavy rainfall in early January 2020, with over 128 mm falling on 

the 15th of January at the Paraburdoo Aero BoM station (#7185). Total monthly rainfall at 

Paraburdoo Aero in January was 177 mm, which was nearly three times greater than the long-

term average (58 mm) (Figure 3.2). Heavy rain was also recorded in February, when TC Damien 

crossed the Pilbara. Total monthly rainfall at Paraburdoo Aero was 153 mm in February and was 
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again notably higher than the long-term average for the month (75 mm). The above-average 

rainfall led to flooding in many Pilbara rivers, influencing streamflow in the Study Area at the time 

of the wet season survey, with many sites having notably higher water levels than the preceding 

dry season survey. Flooding would also have acted to flush many of the pools in the Study Area. 

 

Figure 3.2: Long-term average (LTA) and current (Obs) climatic data at Paraburdoo Airport (BoM 
Station 7185). Survey timing indicated by orange boxes 

3.2.3 Sampling sites 

Twenty sites were sampled in both the dry season of 2019 and the wet season of 2020, across a 

range of aquatic habitat types (Table 3.2, Figure 3.3). To allow for statistical analysis, this included 

ten potential impact sites and ten reference sites. 

Potential Impact Sites 

• Seven-Mile Creek: Three sites which are within the modelled dewatering drawdown extent 

(SM4, SM5 and SM6), but are currently impacted by discharge from the Primary Plant. 

• Pirraburdu Creek: Two sites potentially located downstream of any future discharge point, 

to cover any potential downstream impacts from discharge (PC4 and PC5). 

• Western Range: three of the more persistent pools (WR1, WR2 and WR3). 

• Eastern Range: two of the more persistent pools (ER1 and ER2). 
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Table 3.2: Site locations, site type and sampling effort. 

Creek/System Site Latitude Longitude Type 
Sampling effort 

Habitat WQ Flora Macro Hypo* Fish† Sediment 

     Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet 

Seven-Mile 

Creek 

SM1 -23.20518 117.64657 

Reference 

 ✓  ✓  ✓  ✓ ✓ ✓  ✓ ✓  

SM2 -23.21247 117.64502 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓   

SM3 -23.21614 117.61609 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓   

SM4 -23.22182 117.60516 Currently impacted 

(augmented). Potential 

impact (dewatering) 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓    

SM5 -23.22281 117.59445 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓   

SM6 -23.22360 117.59455 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   

Pirrabirdu Creek 

PC1 -23.20795 117.53815 

Reference 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓   

PC2 -23.21576 117.54283 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   

PC3 -23.22111 117.55793 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   

PC4 -23.23340 117.55104 Potential impact 

(downstream discharge) 

     ✓       ✓ ✓ 

PC5 -23.23279 117.54414      ✓       ✓ ✓ 

Western Range 

WR1 -23.18843 117.47321 

Potential impact 

 ✓  ✓  ✓  ✓  ✓   ✓  

WR2 -23.18553 117.44262 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓    

WR3 -23.18396 117.46583  ✓  ✓  ✓  ✓     ✓  

Eastern Range 

ER1 -23.27143 117.70703 
Potential impact 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓    

ER2 -23.27088 117.70637 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓    

ER3 -23.26630 117.74804 Reference ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓    

Turee Creek 

TC1 -23.28338 118.10228 

Long-term reference 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓    

TC2 -23.25327 118.15143 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓ ✓   

TC3 -23.28746 118.28234 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓   

* Hypo sampling was not possible at some sites due to substrate not being conducive to accessing the hyporheic zone, i.e. bedrock or clay. † Fish were sampled wherever present. 

WQ = water quality, Macro = macroinvertebrate sample, Hypo = hyporheic sample. 
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Reference Sites 

• Seven-Mile Creek: Three sites upstream of dewatering drawdown impacts, including 

Rio Tinto’s surface water monitoring locations (SM1, SM2 and SM3 – Kelly’s Pool). 

• Pirraburdu Creek: three sites upstream of the mine site (PC1 – Ratty Spring, PC2, and 

PC3 – Pirraburdu Springs). 

• Eastern Range: one site at the north-eastern tenement boundary (ER3 – also referred 

to as Palm Pool). 

• Turee Creek: three long-term reference sites located outside the zone of all potential 

mining impacts (TC1 – Fork Spring, TC2 – Paperbark Spring, and TC3). 

At the time of sampling, five sites did not hold water to allow aquatic survey (SM1, PC4, PC5, 

WR1 and WR3) in the dry season, and two in the wet (PC4 and PC5). At these five sites, 

sediment samples were collected, and re-wetting/emergence trials undertaken in the Biologic 

laboratory.  

3.2.4 Habitat 

Habitat characteristics were recorded at each site to provide information on the variability of 

aquatic habitat present, and to assist in explaining patterns in aquatic faunal assemblages. In-

stream habitat and sediment characteristics were recorded by the same team member for all 

sites to reduce potential subjectivity. Percentage cover of each habitat type was recorded: 

inorganic sediment, submerged macrophyte, floating macrophyte, emergent macrophyte, 

algae, large woody debris (LWD), detritus, roots, and trailing vegetation. The presence of each 

habitat type at each site was also summed up to give a habitat diversity score out of nine. 

Substrate composition was assessed by recording percentage cover of bedrock, boulders, 

cobbles, pebbles, gravel, sand, silt, and clay. 

3.2.5 Water quality  

Water quality variables were recorded in situ from each site with a portable YSI Pro Plus 

multimeter. Undisturbed water samples were taken for laboratory analyses of ionic composition, 

nutrients, dissolved metals, and turbidity. Water quality samples were provided to ALS, a NATA 

accredited chemical analysis laboratory, for subsequent analysis. 

Water quality variables measured included: 

In situ – pH, DO (% and mg/L), EC (µS/cm), water temperature (°C) and redox (mV); 

Ionic composition – Ca, K, Mg, Na, HCO3, Cl, SO4, CO3, alkalinity and hardness (all mg/L); 

Water clarity – turbidity (NTU) and total suspended solids (TSS); 

Nutrients – N_NO2, N_NO3, N_Nox, N_NH3, total N and total P (all mg/L); and 

Dissolved metals – Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, S, Se, U, V and Zn (all 

mg/L). 
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Plate 3.1: Filtering dissolved metal 
water samples at ER1 

Samples collected for dissolved metals were filtered through 0.45 m Millipore nitrocellulose 

filters in the field (Plate 3.1). Nutrient samples were filtered in the laboratory as part of routine 

analytical methods, and as such, it was not necessary to field filter those samples. Following 

best practice and to minimise any potential for contamination, all water samples were collected 

using clean Nalgene sample bottles, and clean/new filters and syringes (Ahlers et al., 1990; 

Batley, 1989; Madrid & Zayas, 2007). All water quality sampling equipment was stored in 

polyethylene bags, and samplers wore polyethylene gloves.  

All water samples were kept cool in an esky while in the field, and either refrigerated (ions, 

dissolved metals, nutrients, general water), or frozen (total nutrients) as soon as possible for 

transport to the ALS laboratory.  

3.2.6 Wetland flora  

Submerged and emergent macrophytes are important structural and biological components of 

lowland streams, providing aquatic fauna with habitat, breeding sites, food, and cover from 

predators (Pinder et al., 2010). Additionally, as groundwater dependent vegetation is only found 

in high abundance along larger river systems in the Pilbara, fringing vegetation can be an 

indication of water permanence and significance for smaller drainage systems (Rio Tinto, 

2018b). Submerged macrophytes and emergent vegetation were collected where present, 

while fringing vegetation was recorded and collected for identification, where necessary. 

Submerged macrophytes were hand collected, placed in sample containers, and each assigned 

a unique code. Sufficient water from the site was included in the sample container to ensure 

the collected material did not dry out or degrade. Roots, stems, and flowering and fruiting bodies 

from emergent and fringing vegetation were hand collected, ensuring sufficient material to allow 

confident identification. These flora samples were assigned a unique code and pressed in the 

field. All specimens collected were processed as per WA Herbarium guidelines and identified 

in the Biologic laboratory by experienced botanists. 
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3.2.7 Hyporheos fauna 

The hyporheic zone is an ecotone between the surface and groundwater, and provides a 

number of ecosystem services to both habitats, including mediating exchange processes, 

regulating water flows and transfer of nutrients, carbon, oxygen and nitrates, as well as the 

maintenance of biodiversity (Boulton, 2001; Edwards, 1998). Fauna utilising this habitat are 

also an ecotone between surface and groundwater, with representatives of both benthic 

epigean species and obligate groundwater species. Fauna residing in the hyporheic zone with 

intent are known as hyporheos fauna (Brunke & Gonser, 1997). Benthic macroinvertebrates 

migrate vertically to exploit hyporheic habitats as a nursery to protect juveniles from predation 

(Bruno et al., 2012; Jacobi & Cary, 1996), and during times of floods (Dole-Olivier & Marmonier, 

1992; Palmer et al., 1992), drought (Coe, 2001; Hose et al., 2005), and disturbance in food 

supplies (Edwards, 1998). The shallow groundwater of the hyporheos is also important to 

obligate groundwater species (stygofauna), providing access to nutrients, organic matter and 

detrital material.  

The hyporheic zone serves to enhance the resilience of the benthic community to disturbance 

and influence river recovery following perturbations. Hyporheos fauna have been used 

worldwide as an indicator of ecosystem health, especially in ephemeral creeks, with reported 

responses to disturbances such as metal pollution and eutrophication (Boulton, 2014; Leigh et 

al., 2013; Moldovan et al., 2013; Pacioglu & Moldovan, 2016). 

At each site, the hyporheic zone was sampled using the Karaman-Chappuis (karaman) method 

(Chappuis, 1942; Karaman, 1935). This involved digging a hole (approximately 20 cm deep, 40 

cm diameter) in alluvial sediments adjacent to the water’s edge. The hole was swept with a 

modified 110 µm mesh plankton net immediately once it had filled with water, after 

approximately 30 minutes, and then again at the completion of sampling at that site (Plate 3.2).  

 

Plate 3.2: Using the karaman method to 
sample the hyporheos at WR2. 

 

Hyporheic samples were preserved in 100% ethanol in the field and returned to the Biologic 

laboratory for sorting and processing. Specimens were identified in-house, or sent to 
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appropriate taxonomic experts for identification, where necessary (i.e. Jane McRae for 

Cladocera, Copepoda and Ostracoda). 

3.2.8 Macroinvertebrates 

Aquatic macroinvertebrates are used worldwide as indicators of ecosystem health for several 

reasons: they are ubiquitous, easy to collect, have high species diversity, long life cycles, and 

varying sensitivity to environmental disturbances, and are continuously exposed to 

environmental conditions and constituents of the surface water they inhabit (Bressler et al., 

2006; Carew et al., 2007; Hodkinson & Jackson, 2005). In Australia, the inherent value in using 

aquatic macroinvertebrates as key biological indicators is evidenced by their inclusion in river 

health initiatives across the country, including the Monitoring River Health Initiative (Choy & 

Thompson, 1995), the Australian River Assessment System (AusRivAS) (Chessman, 1995, 

2003; Wright et al., 1993), and the Framework for the Assessment of River and Wetland Health 

(Norris et al., 2007). 

Macroinvertebrate sampling was conducted with a 250 μm mesh D-net (Plate 3.3). Sampling 

at each site targeted all available habitats, including open water, macrophyte beds, large woody 

debris (LWD), leaf litter, edge habitat, and stream riffles, to maximise the number of species 

collected. Samples were washed through a 250 μm to remove fine sediment and leaf litter and 

other coarse debris removed by hand (Plate 3.3). Samples were preserved in 100% ethanol in 

the field and transported to the Biologic laboratory for processing. Sorting was conducted under 

a low power dissecting microscope. Specimens were identified to the lowest possible level 

(genus or species level) and enumerated to log10 scale abundance classes (i.e. 1 = 1 individual, 

2 = 2 – 10 individuals, 3 = 11 – 100 individuals, 4 = 101-1000 individuals, 5 = >1000). All 

macroinvertebrate groups were identified in-house by Biologic zoologists, or sent to appropriate 

taxonomic experts for identification, where necessary (i.e. Jane McRae for Cladocera, 

Copepoda and Ostracoda). 

  

Plate 3.3: Aquatic macroinvertebrate sampling using a 250 μm mesh D-net at ER3 (left), and sieving 
a macroinvertebrate sample at PC2 to remove fine sediment and leaf litter prior to sample 
preservation (right) 
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Sorting was conducted under a low power dissecting microscope. Specimens were identified 

to the lowest possible level (genus or species level) and enumerated to log10 scale abundance 

classes (i.e. 1 = 1 individual, 2 = 2 – 10 individuals, 3 = 11 – 100 individuals, 4 = 101-1000 

individuals, 5 = >1000). All macroinvertebrate groups were identified in-house by Biologic 

zoologists, or sent to appropriate taxonomic experts for identification, where necessary (i.e. 

Jane McRae for Cladocera, Copepoda and Ostracoda). 

3.2.9 Fish 

Fish sampling included a variety of methods to collect as many species and individuals as 

possible. Methods included light-weight fine mesh gill nets (10 m net, with a 2 m drop, using 10 

mm, 13 mm, 19 mm and 25 mm stretched mesh) set across the creek/pool, seine netting (10 

m net, with a 2 m drop and 6 mm mesh), and direct observation. The seine was deployed in 

shallow areas with little vegetation or large woody debris, and up to three seine hauls were 

conducted per site. Fish were identified to species in the field and standard length (SL)2 was 

measured. All fish were released alive to the site where they were collected. 

 

Plate 3.4: Light-weight fine mesh gill nets set 
across a pool at TC3 

3.2.10 Other vertebrate fauna 

Other vertebrate fauna observed or caught during aquatic surveys were also recorded for each 

site. 

 

2 Standard length (SL) - measured from the tip of the snout to the posterior end of the last vertebra or to 
the posterior end of the mid-lateral portion of the hypural plate. This measurement excludes the length of 
the caudal fin. 
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3.2.11 Sediments for rehydration/emergence trials 

Sediment samples were collected from five dry sites in the dry season (SM1, PC4, PC5, WR1 

and WR3) and two dry sites in the wet season (PC4 and PC5) to enable rehydration/emergence 

trials in the laboratory. The aim of the rehydration trials was to obtain information on the types 

of resident fauna and flora these sites support by identifying species which emerge from 

desiccation-resistant resting stages following inundation and rehydration.  

Surficial sediments (top 3-5 cm) were collected from low elevation areas which appeared to 

have held water most recently, i.e. after the May rainfall event. Approximately three kilograms 

of sediment was collected from each site and placed in a labelled, breathable calico bag. In the 

Biologic laboratory, two kg of sediment from each sample was rehydrated in an aquarium 

flooded with dechlorinated filtered water. The rehydration trials were aerated and heated to 

simulate conditions in the field, with a 12-hour light / 12-hour dark cycle. Samples were 

examined every 24 to 48 hours for emergent fauna and flora. The trials were conducted for a 

total period of 20 days.  

 

Emergent fauna and macrophytes were identified to species level (where possible) under high-

powered magnification, and abundance recorded. The conservation status of emergent taxa 

was also determined.  

  

 

Plate 3.5: Collecting sediment samples for rehydration/emergence trials (top left), PC4 tank set 
up (top right), and all dry season tanks set up in the laboratory once sediments were 
inundated (below) 
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In situ water quality was measured three times per week for the duration of the trial, providing 

an indication of the potential conditions experienced within these creeks when inundated. The 

EC of surficial waters in rehydration trials will reflect the dissolution of salts stored in creek bed 

sediments, and these stored salts will reflect the salinity of the creeks when inundated. 

3.3 Data analysis 

3.3.1 Water quality 

Water quality data were compared against the default ANZECC & ARMCANZ (2000) water 

quality guideline values (DGVs) for the protection of aquatic ecosystems in the tropical north-

west of Western Australia (see Appendix B for default values). For this purpose, sites sampled 

in the current study were classified as lowland rivers.  

The primary objective of the guidelines is to “provide authoritative guidance on the management 

of water quality in Australia and New Zealand …. And includes setting water quality and 

sediment quality objectives designed to sustain current, or likely future, community values for 

natural and semi-natural water resources” (ANZG, 2018). DGVs are provided for a range of 

parameters designed to protect aquatic systems at a low level of risk. These are not designed 

as pass or fail compliance criteria, rather as triggers to inform managers and regulators that 

changes in water quality are occurring and may need to be investigated further. Given mining 

activity and pastoral use, the sites sampled in the current study were classified as slightly to 

moderately disturbed systems and the 95% DGVs applied.  

Two DGVs relating to nutrient concentrations are provided for within the ANZECC & ARMCANZ 

(2000) guidelines:  

• A toxicity DGV above which direct toxic effects to aquatic biota can be expected 

(ammonia, nitrate). 

• A eutrophication DGV, above which nutrient concentrations are such that algal blooms 

and eutrophic conditions can be expected (nitrogen oxides, total nitrogen, total 

phosphorus). 

The guidelines have recently been updated to reflect a better understanding of physical and 

chemical stressors, the availability of additional monitoring data, the addition of recent toxicity 

data in DGVs for a number of toxicants, a weight of evidence approach, and the fact that water 

quality varies greatly across ecosystem types and regions (ANZG, 2018). The guidelines are 

now presented via an interactive online platform to improve usability and facilitate updates as 

new information becomes available. While information relating to management frameworks, 

background to derivation of DGVs, and approaches for sampling design and monitoring 

programs are available online, DGVs are not currently presented for all ecoregions. The Study 

Area falls within the Indian Ocean Inland Waters region, data for which is not currently available 

online. As such, data from the current study were compared against the ANZECC & ARMCANZ 

(2000) DGVs for systems within the tropical north-west of Western Australia. 
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3.3.2 Invertebrates 

Invertebrate taxa recorded from hyporheic samples were classified based on categories of 

Boulton (2001): 

• Stygobite – obligate groundwater species, with special adaptations to survive such 

conditions. 

• Permanent hyporheos stygophiles – epigean species (living on or near the surface of 

the ground) which can occur in both surface- and groundwaters but is a permanent 

inhabitant of the hyporheos. 

• Occasional hyporheos stygophiles – use the hyporheic zone seasonally or during early 

life history stages. 

• Stygoxene – species that appear rarely and apparently at random in groundwater 

habitats, there by accident or seeking refuge during spates or drought; not specialised 

for groundwater habitat. 

Additionally, Biologic have one further hyporheic classification: 

• Possible hyporheos stygophile – likely to be hyporheos fauna, but due to taxonomic 

resolution or a lack of ecological information we are unable to say this with certainty. 

All invertebrates collected were compared against appropriate threatened and priority species 

lists including the Biodiversity Conservation Act 2016, the Environment Protection and 

Biodiversity Conservation Act 1999, the International Union for Conservation of Nature (IUCN), 

Australian Society for Fish Biology Conservation List 2016, and Priority Fauna recognised by 

the DBCA. In addition, species were assigned to one of the following conservation categories 

based on species distributions: 

• Cosmopolitan – species is found widely across the world 

• Australasian – species is found across Australia, New Guinea and neighbouring 

islands, including those of Indonesia 

• Australian endemic – species is only found in Australia 

• Northern Australia – species with distributions across the northern, tropical regions of 

the Australian continent 

• North-western Australia – found across northern W.A., including the Pilbara and 

Kimberley regions 

• Western Australian endemic – only known from W.A. (is restricted to, but is widely 

distributed across the state) 

• Pilbara endemic – restricted to the Pilbara region of Western Australia 

• Short-range endemic (SRE) – as defined by Harvey (2002), short-range endemic 

species occupy an area of less than 10,000 km2. Such species have traits which make 

them vulnerable to disturbance and changes in habitat, and affords them high 

conservation value 
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• Unknown distribution – taxa could not be assigned to one of the above, as there is 

currently insufficient knowledge on either its distribution or taxonomy to assess its level 

of endemism. 

Uni-variate analysis (ANOVA) was undertaken in SPSS, Version 22.0 (IBM Corp, 2012) to 

compare overall macroinvertebrate richness between site types (reference vs currently 

impacted by dewatering discharge vs potential impact in the future) and season. Data was 

assessed prior to analysis to ensure it met the assumptions of the test (i.e. Levene’s test to 

check for equality of variances). Analysis was also undertaken to test for any significant 

differences in Pilbara endemic taxa richness.  

Macroinvertebrate data were also compared against the Pilbara Biological Survey (PBS; Pinder 

et al., 2010) dataset for sites in the vicinity of the Study Area. Richness (total number of taxa) 

recorded from each site was compared using histogram plots. Assemblage structure was 

analysed using multivariate techniques in PRIMER v7 (Clarke & Gorley, 2015), including cluster 

analysis and ordination. Ordination was by non-metric Multi-Dimensional Scaling (nMDS), 

which unlike other ordination techniques uses rank orders, and therefore can accommodate a 

variety of different types of data. Ordination was based on the Bray-Curtis similarity matrix (Bray 

& Curtis, 1957). Similarity Profile Analysis (SIMPROF) was undertaken within the cluster 

analysis to test for significant groups. Two-way crossed Analysis of Similarity (ANOSIM) was 

also undertaken to examine whether there were any significant differences in 

macroinvertebrates assemblages between creekline/area or between seasons. Data were 

transformed to presence/absence prior to analysis to conform with PBS data. 

3.3.3 Fish 

Length-frequency analysis was undertaken for each fish species recorded, whereby each 

species was classified into four age classes based on body size (SL mm). Age classes were 

determined from the literature (Allen et al., 2002; Puckridge & Walker, 1990) and was based on 

knowledge of the size of maturity for each species (Table 3.3). 

Table 3.3: Standard lengths used for each age class for each species recorded. 

Age class Western rainbowfish Spangled perch Pilbara tandan Pilbara bony bream 

New recruit < 30 < 30 < 30 < 30 

Juvenile 31-40 31-50 31-70 31-80 

Sub-adult 41-50 51-70 71-90 81-110 

Adult >50 >70 >90 >110 
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4 RESULTS AND DISCUSSION 

4.1 Database searches 

The database searches identified 384 records of aquatic fauna taxa and waterbirds located 

within a 100 km radius of the Study Area (Table 4.1). This included 302 species of invertebrate 

and 82 species of vertebrate. Insects and Crustaceans account for over 55% of the total taxa 

previously recorded. These records provide context for the current aquatic ecosystem survey 

of the Greater Paraburdoo Iron Ore Hub. 

Table 4.1: Aquatic fauna recorded within 100 km of the Study Area. 

Type Taxonomic Group Common Name Number of Taxa 

Invertebrate Annelida Segmented Worms 15 

Invertebrate Nematoda Roundworms 5 

Invertebrate Platyhelminthes Flatworms 1 

Invertebrate Arachnida Mites 30 

Invertebrate Insecta Insects 159 

Invertebrate Crustacea Crustaceans 56 

Invertebrate Mollusca Molluscs 5 

Invertebrate Cnidaria Hydras 1 

Invertebrate Porifera Freshwater Sponges 1 

Invertebrate Rotifera Rotifers 29 

Vertebrate Actinopterygii Fish 7 

Vertebrate Reptilia Turtles 1 

Vertebrate Amphibia Frogs 13 

Vertebrate Aves Waterbirds 61 

  Total 384 

Of the taxa records, eight species of waterbird, one fish and one species of insect are 

considered to be of conservation significance (Table 4.2). Two waterbirds, curlew sandpiper 

(Calidris ferruginea) and Australian painted snipe (Rostratula australis), are listed as Critically 

Endangered (CR) and Endangered (EN) on the IUCN (2020) Redlist of Threatened Species, 

respectively (See Appendix A for IUCN classification definitions). These species are known to 

occur in temporary freshwater wetlands. The Fortescue grunter (Leiopotherapon aheneus), 

also identified in the database search, is endemic to the Pilbara and known only from three river 

systems, including the Ashburton. It is listed as a Priority 4 (P4) species on the DBCA (2020) 

Threatened and Priority Fauna Species List and Near Threatened on the IUCN (2020) Redlist.  

The database search also identified 19 invertebrates that were endemic to the search area, 

with one insect listed on the IUCN Redlist (Table 4.2). The Pilbara pin damselfly, (Eurysticta 

coolawanyah) is currently listed as Vulnerable (IUCN, 2020). This listing was based on its 

collection from less than five locations in the Pilbara. Although the listing was revised recently 

(2016), the revision did not consider grey literature records (baseline surveys and impact 

assessments associated with mining and development in the region). The extent of occurrence 

of the Pilbara pin damselfly is based on a polygon around the known occupied areas (four 
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locations listed in the IUCN listing), which is 7,937 km² (Dow, 2019); however, Bush et al. (2014) 

provide an estimate of the current extent of suitable habitat as 298,177 km². Therefore, 

including the PBS and grey literature records (sampling programs undertaken by the authors 

and others), the species has now been recorded from numerous locations in the Pilbara, albeit 

in low numbers and with a disjunct distribution (Pinder et al., 2010; J. Delaney, unpub. data).  

Table 4.2: Endemic and conservation significant aquatic fauna recorded within 100 km of the Study 
Area. 

Taxonomic 
Group 

Family Taxa 
Conservation 
Status 

Endemic 

   WA  EPBC IUCN  

Nematoda  Nematoda sp. 10 (PSS)    Y 

Arachnida Arrenuridae Arrenurus sp. S4 (PSS)    Y 

Arachnida Halacaridae Halacaridae sp. S3 (PSS)    Y 

Arachnida Hydryphantidae Diplodontus sp. B (PSW)    Y 

Arachnida Limnesiidae Limnesia sp. P1 (PSW)    Y 

Insecta Ceratopogonidae Forcypomyia sp. P3 (PSW)    Y 

Insecta Isostictidae Eurysticta coolawanyah   VU Y* 

Crustacea Candonidae Areacandona ‘atomus’ (PSS)    Y 

Crustacea Candonidae Areacandona sp. 5 (PSS)    Y 

Crustacea Candonidae Candonid Genus 2 sp. 1 (PSS)    Y 

Crustacea Candonidae Candonid Genus 5 sp. 1    Y 

Crustacea Candonidae Deminutiocandona ‘aporia’ (PSS)    Y 

Crustacea Candonidae Deminutiocandona cf. ‘mica’ (PSS)    Y 

Crustacea Candonidae Pilbaracandona ‘sp. 4’ (PSS)    Y 

Crustacea Chydoridae Chydorus kalypygos    Y 

Crustacea Cyprididae Sarscypridopsis sp 3 (nr 165)    Y 

Crustacea Limnocytheridae Gomphodella cf. sp. 5 (PSS)    Y 

Crustacea Limnocytheridae Gomphodella sp. 5 (PSS)    Y 

Rotifera Lecanidae Lecane opias    Y 

Actinopterygii Terapontidae Leiopotherapon aheneus P4  NT  

Aves Charadriidae Charadrius veredus (Oriental Plover)  MI   

Aves Rostratulidae 
Rostratula australis (Australian Painted 
Snipe) 

  EN  

Aves Scolopacidae Actitis hypoleucos (Common Sandpiper)  MI   

Aves Scolopacidae 
Calidris acuminata (Sharp-tailed 
Sandpiper) 

 MI 
 

 

Aves Scolopacidae Calidris ferruginea (Curlew Sandpiper)  CR 
MI 

NT  

Aves Scolopacidae Calidris melanotos (Pectoral Sandpiper)  MI   

Aves Scolopacidae Calidris subminuta (Long-toed Stint)  MI   

Aves Scolopacidae Tringa glareola (Wood Sandpiper)  MI   

P4 = Priority 4 species, NT= Near Threatened, VU = Vulnerable, CR = Critically Endangered, MI = 
Migratory species. 
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4.2 Previous surveys 

No previous aquatic sampling has been conducted within the Greater Paraburdoo Iron Ore 

Hub; however, several sites were sampled nearby during the Pilbara Biological Survey (PBS; 

Pinder et al., 2010), including two sites at Turee Creek which were also re-sampled as part of 

the current study as reference sites: Fork Spring (TC1) and Paperbark Spring (TC2) (Table 4.3: 

Results of previous aquatic surveys conducted in the vicinity of the Study AreaTable 4.3). None 

of the other broad Pilbara- wide aquatic surveys (i.e. Masini, 1988; Pinder & Leung, 2009) 

included any sites near the Study Area. 

The PBS sampled water quality and aquatic fauna (zooplankton and macroinvertebrates) of 

100 sites across the Pilbara between 2003 and 2006 (Pinder et al., 2010). Aquatic 

macrophytes and riparian flora were also sampled (Gibson et al., 2015). The survey included 

most wetland types from the region, including river pools, claypans, rock pools, and springs. 

Sites within the vicinity of the Study Area included Fork Spring, Paperbark Spring, Bobswim 

Pool, Kennedy Well Claypan and Yandabiddy Pool (Pinder et al., 2010).  

The PBS recorded 91 zooplankton, 163 macroinvertebrates, and ten macrophyte (submerged 

and emergent) taxa known from the five nearby sites, over two seasons. Of these taxa, only 

one is of conservation significance, the Pilbara Pin damselfly (E. coolawanyah) (Table 4.3). As 

mentioned above, this species is currently listed on the IUCN (2020) Redlist of Threatened 

Species as Vulnerable. However, E. coolawanyah has been recorded from numerous locations 

across the Pilbara and from a much wider area than the current IUCN listing indicates (i.e. see 

Pinder et al., 2010). Records of E. coolawanyah from nearby surface water pools are shown 

in Figure 4.11 (see section 4.7). 

The database search indicated that an additional 17 invertebrates were endemic to the search 

area: 

• Rotifer 

o  Lecane opias 

• Ostracods 

o Areacandona ‘atomus’,  

o Areacandona sp. 5,  

o Candonid Genus 2 sp. 1,  

o Candonid Genus 5 sp. 1,  

o Deminutiocandona ‘aporia’,  

o Deminutiocandona cf. ‘mica’,  

o Pilbaracandona ‘sp. 4’,  

o Sarscypridopsis sp 3 (nr 165),  

o Gomphodella cf. sp. 5, and Gomphodella sp. 5 

• Cladocera  

o Chydorus kallipygos 

• Roundworm  

o Nematoda sp. 10 
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• Water mites 

o  Arrenurus sp. S4,  

o Halacaridae sp. S3,  

o Diplodontus sp. B, and Limnesia sp. P1. 

Several of these species were also recorded from groundwater sampling in the Pilbara 

Stygofauna Survey (PSS; Halse et al., 2014). These include Arrenurus sp. S4 (PSS050), 

Halacaridae sp. S3 (PSS110), Areacandona sp. 5’ (PSS046), Deminutiocandona ‘aporia’ 

(PSS052, PSS055 and PSS058), Deminutiocandona cf. ‘mica’ (PSS065 and PSS177), 

Pilbaracandona ‘sp. 4’ (PSS050), Gomphodella sp. 5 (PSS046 and PSS050), and 

Gomphodella cf. sp. 5 (PSS179). All were recorded from bores nearby the Study Area located 

along Seven-Mile Creek, Pirraburdu Creek and Turee Creek. The taxonomy of these 

stygofauna species is unresolved, and specimens were assigned morphotypes during the PSS.  

The rotifer, Lecane opias, was recorded from Bobswim Pool in May 2005 (Pinder et al., 2010). 

The database search classified this species as endemic to the search area, however given it is 

also known from the Gascoyne, Murchison, and Geraldton Sandplains regions of Western 

Australia, as well as Tasmania, this is likely an error. 

Table 4.3: Results of previous aquatic surveys conducted in the vicinity of the Study Area 

Report Site sampled 
Conservation significant aquatic fauna 
recorded 

Pilbara Biological Survey 

(Pinder et al., 2010) 

Fork Spring 

Diplodontus sp. B 

Limnesia sp. P1 

Sarscypridopsis sp 3 (nr 165) 

Paperbark Spring 
Diplodontus sp. B 

Limnesia sp. P1 

Bobswim Pool 
Lecane opias 

Chydorus kallipygos 

Kennedy Well Claypan  

Yandabiddy Pool Eurysticta coolawanyah 

The roundworm, Nematoda sp. 10 was recorded from Whiskey Pool on the Ashburton River, 

255 km downstream of the Study Area during the PBS (Pinder et al., 2010). This was the only 

record of the species during the Pilbara-wide survey. Although it does not appear to have been 

recorded elsewhere since, Nematoda are a taxonomically neglected group and the DBCA and 

most environmental consultancies no longer attempt to identify surface water Nematoda. As 

such, this taxon is likely to be more widely distributed but has simply not been identified to 

morphospecies. 

The Cladocera, Chydorus kallipygos was only recorded from Bobswim Pool during the PBS 

(Pinder et al. 2010). There do not appear to be any other records of this species from the 

Pilbara, but records of this species elsewhere have used several different spellings (i.e. 

Chydorus kallipigos and Chydorus kalypygos). 

No aquatic flora of conservation significance is known from the area (PBS data; Rio Tinto 2004, 

2012, 2014).  
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4.3 Habitat assessment 

A summary of the overall habitat assessment is provided in Table 4.4 and all raw data is 

included in Appendix C. 

While most sites were dominated by transmissive sediments such as gravel, pebbles and sand, 

clay dominated the substrates of SM3, SM5, SM6, and TC3. Bedrock cover was greatest at 

Eastern Range sites and TC2 (Paperbark Spring). 

In-stream habitat diversity was generally high throughout the Study Area and included complex 

heterogenous substrates, such as submerged macrophyte, emergent macrophyte, large woody 

debris (LWD), root mats and trailing vegetation. Gorge pools were the exceptions to this, 

including the two Eastern Range pools (ER1 and ER2) and all three Western Range pools 

(WR1, WR2 and WR3). These sites lacked complex habitat types and were instead dominated 

by open inorganic sediment. 

During the dry season, algal cover was notably high across the Study Area, and was most 

apparent at sites with cattle access. Of the sites which recorded algae, percentage cover 

ranged from 6% at ER3 to 66% at PC3. Average dry season algal cover was 49% at Pirraburdu 

Creek, 24% at Seven-Mile, 17% at Turee Creek and 2% at Eastern Range. The one Western 

Range site recorded 15% algal cover. Algal cover was generally lower in the wet season; 

however nearly all sites had some growth, ranging from 2% cover at SM3 and ER3 to 42% at 

PC1. Average wet season algal cover was 40% at Pirraburdu Creek, 19% at Turee Creek, 

14.5% at Seven-Mile, and 10% at both Western Range and Eastern Range.  

4.4 Water quality 

All raw water quality data are provided in Appendix D. 
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Table 4.4: Habitat summary of aquatic ecosystem sites sampled. 

Site Habitat Description Dry season photo Wet season photo 

SM1 
 
Reference 
site 
upstream 
of current 
discharge 

Ephemeral 
creekline 
pool 

Ephemeral pool with rushes (Typha 
domingensis) and sedges (Schenoplectus 
subulatus) along the banks, some introduced 
weeds present. Open Eucalyptus 
camaldulensis overstorey. 
 
The site had recently dried when visited in the 
dry season. A hyporheic sample was 
collected as water was present below the 
creekbed. Sediments were also collected at 
this time for rehydration trials. 
 
A large pool was present in the wet season. 
No submerged macrophytes. 
 
Maximum water depth 2 m (wet season). 

  

SM2 
 
Reference 
site 
upstream 
of current 
discharge 

Semi-
permanent / 
permanent 
creek pool 

Emergent vegetation dominated by Typha 
domingensis, with some Cyperus vaginatus. 
Open canopy of Eucalyptus camaldulensis.  
 
Submerged macrophytes present (Chara 
spp.). 
 
Buffel grass (*Cenchrus ciliaris) present. 
 
Eutrophication apparent – heavy algal cover, 
cattle access. 
 
Maximum water depth 1.2 m in the dry 
season and 1.5 m in the wet. 
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Site Habitat Description Dry season photo Wet season photo 

SM3 
(Kelly’s 
Pool) 
 
Reference 
site 
upstream 
of current 
discharge 

Semi-
permanent 
pool 
(historically 
was 
permanent 
and deep) 

Sparse fringing riparian vegetation, some 
Schenoplectus subulatus sedges and 
Dysphania ?kalpari herbs. Low abundance of 
submerged macrophytes (Vallisneria annua).  
 
An anoxic sludge sediment layer was present 
in the dry season, over predominately clay 
sediment. A large pool was present in the wet. 
 
Disturbances included the presence of 
introduced vegetation (i.e. buffel grass) and 
cattle access.  
 
Maximum water depth of 0.2 m (dry season) 
– 3 m (wet season). 

 
 

SM4 
 
Currently 
impacted 
site located 
d/s of the 
Primary 
Plant 
Discharge 
 
Potential 
future 
impact 
from 
dewatering 
drawdown 

Permanent 
creekline 
(artificially 
maintained) 

Narrow, shallow channel downstream of the 
Paraburdoo Plant Discharge point. Cyperus 
vaginatus was abundant along the creek’s 
edge. Riparian vegetation comprised 
Melaleuca glomerata, Eucalyptus 
camaldulensis, Acacia (Acacia ampliceps, 
Acacia? citrinoviridis, Acacia coriaceae 
subsp. pendens) and shrubs (Petalostylis 
labicheoides). Several weed species present, 
including couch grass, mimosa bush and 
thornapple. 
 
Maximum water depth was 0.25 m in the dry 
season and 0.5 m in the wet. 
 
** Contaminated with hydrocarbons at the 
time of sampling in both seasons. ** 
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Site Habitat Description Dry season photo Wet season photo 

SM5 
 
Currently 
impacted 
site located 
d/s of the 
Primary 
Plant 
Discharge 
 
Potential 
future 
impact 
from 
dewatering 
drawdown 

Permanent 
pool 
(artificially 
maintained) 

Large permanent pool including large 
backwater areas. Emergent macrophyte 
comprised Cyperus vaginatus and Typha 
domingensis. Open Eucalyptus 
camaldulensis over Sesbania cannibina on 
the banks. 
 
Submerged macrophytes (Chara spp,, Najas 
marina and Vallisneria annua) present. 
 
Maximum water depth of 1.6 m in the dry 
season and 1 m in the wet. 

 

 

SM6 
 
Currently 
impacted 
site located 
d/s of the 
Primary 
Plant 
Discharge 
 
Potential 
future 
impact 
from 
dewatering 
drawdown 

Ephemeral 
pools 
(artificially 
maintained) 

Two small pools maintained by underground 
flows from upstream (SM5 and ultimately 
Paraburdoo Plant discharge). Dense riparian 
vegetation comprising Eucalypts, Typha 
domingensis, Cyperus vaginatus.  
 
Introduced weed species were recorded, 
including the stinking passionflower. 
 
No submerged macrophytes present.  
 
High in-stream algal cover. Cattle impacts 
apparent. 
 
Maximum water depth of 0.3 m in the dry 
season and 0.3 m in the wet. 
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Site Habitat Description Dry season photo Wet season photo 

PC1 
(Ratty 
Spring) 
 
Reference 
site 

Semi-
permanent 
(groundwater 
fed) 

Series of pools and interconnecting riffles fed 
by groundwater. Dense riparian vegetation 
cover, comprising Acacia ampliceps, 
Eucalyptus camaldulensis, Melaleuca 
bracteata and shrubs. Stands of sedges 
(Cyperus vaginatus and Schoenoplectus 
subulatus) and Typha domingensis were also 
present at the site.  
 
No submerged macrophytes were recorded.  
  
High in-stream algal cover. Impacts from 
cattle access, eutrophication, and introduced 
vegetation (i.e. buffel grass and thornapple). 
 
Maximum water depth of 2.0 m in the dry 
season and 2.1 m in the wet.  

 

PC2 
 
Reference 
site 

Semi-
permanent 
(groundwater 
fed) 

Series of long pools. Riparian vegetation 
comprising Eucalyptus camaldulensis, 
Acacia coriacea, Typha domingensis, and 
sedges (Cyperus vaginatus and 
Schenoplectus subulatus).  
 
Submerged macrophytes present (Vallisneria 
annua and Potamogeton tepperi). 
 
Impacts from cattle access, eutrophication, 
and introduced vegetation (i.e. buffel grass). 
 
Maximum water depth of 0.9 m in the dry 
season and 1.8 m in the wet. 
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Site Habitat Description Dry season photo Wet season photo 

PC3 
(Pirraburdu 
Spring) 
 
Reference 
site 

Semi-
permanent 
(groundwater 
fed) 

Narrow groundwater-fed semi-permanent 
pool. Riparian vegetation comprising 
Eucalyptus camaldulensis, Acacia coriacea, 
shrubs (Petalostylis labicheoides), sedges 
(Cyperus vaginatus and Schoenoplectus 
subulatus) and Typha domingensis.  
Submerged macrophytes present. 
 
Current disturbances include cattle access, 
introduced vegetation (weed species, 
*Cenchrus ciliaris common sowthistle and 
thornapple), and vehicle tracks.  
 
Maximum water depth of 1.6 m in the dry 
season and 1 m in the wet. 

 

 

PC4 
 
Potential 
impact, 
located d/s 
of potential 
future 
discharge 
location 

Ephemeral 
creek 

Dry creekbed, Riparian vegetation including 
Melaleuca glomerata, Acacia citrinoviridis 
and Acacia coriaceae subsp. pendens, 
shrubs (Tephrosia rosea var. Fortescue 
creeks and Petalostylis labicheoides) and 
sedges (Cyperus vaginatus). 
 
Weed species present, including buffel grass. 
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Site Habitat Description Dry season photo Wet season photo 

PC5 
 
Potential 
impact, 
located d/s 
of potential 
future 
discharge 
location 

Ephemeral 
creek 

Dry creekbed. Riparian flora including Acacia 
citrinoviridis and Acacia coriaceae subsp. 
pendens. 
 
Weed species present, including buffel grass 
and kapok bush. 

  

WR1 
 
Potential 
impact 

Ephemeral 
gorge pool  

Ephemeral gorge pool against cliff face. No 
water present in the dry season. Riparian 
vegetation including Corymbia ferriticola, 
Acacia citrinoviridis and Acacia 
tetragonophylla, shrubs (Pluchea rubelliflora, 
Psydrax latifolia, and Eremophila sp.), herbs 
(Stemodia grossa, Stemodia viscosa, 
Nicotiana benthamiana, and Eriachne 
?mucronata), and sedges (Cyperus 
vaginatus). 
 
Chara spp. and Najas tenuifolia submerged 
macrophytes present in the wet season. 
 
Some introduced vegetation, including buffel 
grass. 
 
Maximum water depth 0.9 m (wet season). 
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Site Habitat Description Dry season photo Wet season photo 

WR2 
 
Potential 
impact 

Semi-
permanent 
gorge pool 

Semi-permanent gorge pool against cliff face 
maintained by aspect and low evaporation. 
Sparce riparian vegetation comprising 
Grevillea berryana, Ficus brachypoda, iron 
plant (Astrotricha hamptonii) and the sedge 
Cyperus hesperius.  
 
No submerged macrophytes recorded.  
 
Algal bloom present during dry season. 
 
Surface covered in polyxenid millipedes in 
wet season. 
 
Maximum water depth of 2.5 m in the dry 
season and 3.5 m in the wet. 

 

 

WR3 
 
Potential 
impact 

Ephemeral 
creek 

Ephemeral gorge pool. Site was dry in the wet 
season. Sparse riparian vegetation 
comprising Triodia, few individual Eucalypts 
and the shrub Senna glutinosa ?subsp. 
glutinosa.  
 
The declared rare flora Aluta quadrata was 
also present.  
 
Buffel grass (*Cenchrus ciliaris) recorded. 
 
No submerged or emergent macrophytes 
recorded. 
 
Maximum water depth 0.2 m (wet season). 
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Site Habitat Description Dry season photo Wet season photo 

ER1 
 
Potential 
impact 

Likely 
permanent 
gorge pool 
 

Small likely permanent rock/gorge pool. No 
trailing vegetation, but sparse riparian 
including Acacia citrinoviridis, Corymbia 
ferriticola, Ficus brachypoda, and the sedge 
Cyperus hesperius.  
 
No submerged macrophytes present. 
 
No current disturbance. 
 
Maximum water depth of 1.3 m in the dry 
season and 2.8 m in the wet. 

 

 ER2 
 
Potential 
impact 

Semi-
permanent 
gorge pool 

Small semi-permanent rock/gorge pool. No 
trailing vegetation, but riparian vegetation 
includes Acacia, Corymbia and Eucalyptus 
species. Some Cyperus vaginatus sedges 
present.  
 
No algae or submerged macrophytes 
present.  
 
No current disturbance. 
 
Maximum water depth of 0.4 m in the dry 
season and 2 m in the wet. 
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Site Habitat Description Dry season photo Wet season photo 

ER3 
 
Reference 
site 

Permanent 
creek pool 

Series of permanent creek pools (likely some 
connection to groundwater). Riparian and 
emergent vegetation in good condition. 
Species included Eucalyptus camaldulensis, 
Eucalyptus victrix, Melaleuca glomerata and 
the introduced date palm (*Phoenix 
dactylifera). Healthy stands of the sedge 
species Cyperus vaginatus and 
Schoenoplectus subulatus were present.  
 
Submerged macrophytes present, including 
Chara spp. and Vallisneria annua. 
 
Impacts from cattle access, eutrophication, 
and introduced vegetation.  
 
Maximum water depth of 1.2 m in the dry 
season and 0.8 m in the wet. 
 

 

 

TC1 
 
Long-term 
reference 
site 

Spring 

Permanent spring (Fork Spring). Open 
riparian vegetation consisting of Acacia 
ampliceps, Melaleuca bracteata and 
Eucalytus species. Emergent Cyperus 
vaginatus sedge along the banks.  
 
Submerged macrophytes (Chara spp.) 
present.  
 
Weed species present, including buffel grass.  
 
Site highly impacted by cattle and 
eutrophication. Algal blooms observed. 
 
Maximum water depth of 0.5 m in the dry 
season and 0.4 m in the wet.  
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Site Habitat Description Dry season photo Wet season photo 

TC2 
 
Long-term 
reference 
site 

Spring 

Permanent spring (Paperbark Spring) and 
series of pools with high proportion of 
bedrock substrate along the creekbed. Open 
riparian vegetation including Acacia 
sclerosperma subsp. sclerosperma, 
Eucalyptus camaldulensis, Melaleuca 
glomerata and sedges (Cyperus vaginatus) 
along the water’s edge.  
 
Submerged macrophytes (Chara spp.) 
present.  
 
Cattle impacts apparent. 
 
Maximum water depth of 0.3 m (both 
seasons). 

 

 
TC3 
 
Long-term 
reference 
site 

Semi-
permanent 
creek pool 

Series of large semi-permanent/permanent 
creek pools (at Jezza’s Camp). Open 
Eucalyptus camaldulensis overstorey, with 
Acacia ampliceps, Acacia citrinoviridis, and 
Acacia sclerosperma subsp. sclerosperma, 
and shrubs (Eremophila fraseri subsp. 
fraseri).  Cyperus vaginatus and Cyperus 
difformis stands along banks.  
 
Submerged macrophytes (Chara spp.) 
present.  
 
Clay substrates with some bedrock and sand. 
 
Cattle impacts apparent. 
 
Maximum water depth of 0.4 m in the dry 
season and 1 m in the wet. 

 

 

 



Greater Paraburdoo: Aquatic Ecosystem Survey Report Dry 2019 and Wet 2020 

 

Page 54 of 136 
 

4.4.1 In situ 

In situ water quality was highly variable across sites and between seasons.  

Electrical conductivity (EC) recorded during the dry season ranged from 110 µS/cm (fresh; at 

ER1) to 4,332 µS/cm (brackish; at SM3). Most sites were classified as brackish, except for PC1 

(1,473 µS/cm), ER1, ER2 (1,119 µS/cm), WR2 (194 µS/cm), and all Turee Creek sites (Figure 

4.1). All but ER1, WR2 and WR3 exceeded the ANZECC & ARMCANZ (2000) DGV. There was 

a noticeable and expected reduction in EC at some sites between seasons (i.e. SM3, SM5, 

SM6, ER2, ER3 and TC3), likely due to flushing effects associated with the wet season rainfall 

and flooding. In the wet season, EC ranged from 43 µS/cm (at ER1) to 2,851 µS/cm (at SM6). 

All Seven-Mile Creek sites and Eastern Range site EC3 were classified as brackish, with EC 

ranging from 1,649 µS/cm to 2,851 µS/cm. Most sites exceeded the DGV: ER1 (43 µS/cm), 

WR2 (161 µS/cm) and WR3 (204 µS/cm) were the only exceptions (Figure 4.1). The DGV for 

EC is conservative, and not necessarily directly applicable to Pilbara waters which are known 

to experience wide-ranging EC, with large temporal and seasonal variability due to flushing in 

the wet season and waters receding in the drier months resulting in evapoconcentration of ions. 

Generally, sites with EC less than 1,500 µS/cm experience little ecological stress, but a 

considerable shift in aquatic fauna assemblages is known to occur above this threshold. The 

EC recorded from all sites at Seven-Mile Creek and Eastern Range site ER3 was sufficiently 

high as to expect some level of shift in aquatic fauna assemblages (i.e. > 1,500 µS/cm; (Figure 

4.1). 

 

 

Figure 4.1: EC (µS/cm) recorded from each site, in comparison to the ANZECC DGV. 
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Dissolved oxygen (DO) saturation was generally low in the dry season and ranged from 20.3% 

(at PC1) to 114.3% (at SM3). Eleven sites recorded DO below than the lower DGV in the dry: 

SM2, SM4, SM6, PC1, PC2, PC3, WR2, ER1, ER2, TC1, and TC3. Although oxygen needs of 

aquatic biota differ between species and life history stage, studies have reported DO less than 

50% can lead to chronic responses in fish and macroinvertebrates, through reduced fecundity, 

decreased feeding activity, slowed larval and juvenile growth, suppressed emergence, impaired 

swimming ability, and death (Connolly et al., 2004; Flint et al., 2015). For six tropical, northern 

Australian fish species, of which one congener occurs in the Greater Paraburdoo Iron Ore Hub 

(rainbowfish), acute toxicity was reported to be between 25% and 30% (Butler & Burrows, 

2007). Therefore, the point of ecological stress for DO was considered to be 30% for the 

purposes of this study. As such, DO recorded from PC1 was considered low enough to result 

in ecological stress; however this measurement was taken early in the morning (8:00 am) and 

DO was likely to increase throughout the day as photosynthetic activity by aquatic plants 

increased.  

The range in DO recorded in the wet season was notable, with 15.7% being the lowest DO 

recorded (at TC3) and 225.7% the highest (SM3). Generally, DO saturation was higher in the 

wet season, with only five sites recording DO below the lower DGV: SM2, SM6, PC1, PC3 and 

TC3. Of these sites DO recorded from TC3 and SM6 (22.2%) was notably low, and likely to 

result in oxygen stress. The super-saturated DO recorded from SM3 was likely due to the high 

submerged macrophyte growth at this site. These conditions likely led to overnight anoxia, 

when respiration by aquatic fauna, plants and algae would be high and there is no 

photosynthesis to replenish DO. The decay of algae and submerged macrophytes would also 

reduce DO, as bacteria consume oxygen in the water during this process. 

pH was highly spatially variable in the dry season, ranging from acidic through circum-neutral 

to basic. Lowest pH was recorded from ER1 (5.97) and highest from SM3 (9.28). These two 

sites were the only sites which recorded pH outside the ANZECC DGVs in the dry. Wet season 

pH levels were circum-neutral to basic and ranged from 7.24 (at TC1) to 8.46 (at SM3). Eight 

sites recorded pH greater than the upper DGV; however, slightly basic pH in the range recorded 

during the current study is not uncommon in Pilbara pools (J. Delaney, unpub. data).   

Turbidity was generally low across all sites in both seasons, indicating high water clarity and 

light penetration. Exceptions were SM4 (16.5 NTU) and PC2 (21.9 NTU) in the dry season, and 

ER1 (23.6 NTU) in the wet. These three sites all recorded turbidity levels in excess if the DGV. 

4.4.2 Ionic composition  

Cation composition at most sites was of the order sodium (Na) > magnesium (Mg) > calcium 

(Ca) > potassium (K). In the dry season, exceptions to this were WR2, ER1 and TC1, all of 

which recorded cation concentrations in the order Ca > Na > Mg > K. Although cation 

composition at ER2 was dominated by Na, sub-dominance was by Ca rather than Mg. Wet 

season exceptions included the Western Range sites which were dominated by Ca, and ER2 

and TC3 which recorded cation dominance in the order Na > Ca > Mg > K. Anions were 

generally dominated by hydrogen carbonate (HCO3), however in the dry season SM3, SM5 and 
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SM6 were all chloride (Cl) dominated sites, as were SM4 and SM6 in the wet season. 

Differences in ionic composition can reflect differing sources of water, with greater hydrogen 

carbonate dominance indicating greater contributions by groundwater, and Na/Cl waters likely 

reflecting recent rainfall and/or catchment runoff. 

Gorge pools (WR1, WR2, WR3, ER1 and ER2) all recorded considerably lower ionic 

concentrations than creek pools. 

Alkalinity measures the capacity of the water to resist sudden changes in pH, i.e. it is the 

buffering capacity of the water. Alkalinity of less than 20 mg/L is considered low and the system 

would have little ability to buffer against rapid changes in pH which may affect aquatic life. 

Alkalinity recorded in the current study was generally high, with most sites recording values 

greater than 200 mg/L. While Gorge Pool sites (WR1, WR2, WR3, ER1 and ER2) all recorded 

lower alkalinity than creek pools (except TC3), only one site recorded alkalinity levels below the 

20 mg/L buffering threshold (ER1; 12 mg/L). 

4.4.3 Nutrients 

Nitrogen ammonia (N_NH3) concentrations were generally low, except for two long-term 

reference sites (TC2 and TC3) in the dry season, and SM4 and WR3 in the wet season (Figure 

4.2). Concentrations from TC3 (dry season) and SM4 (wet season) were considerably higher 

than all other sites and exceeded the 95% toxicity DGV (Figure 4.2).   

Nitrogen nitrate (N_NO3) ranged from 0.01 mg/L (at SM1, SM2 and WR2, wet season) to 19.60 

mg/L (at SM4, wet season) (Figure 4.2). Elevated N_NO3 concentrations (greater than the 95% 

toxicity DGV) were recorded from SM4, SM5, SM6, PC1, PC3 and TC1 in both seasons (Figure 

4.2). N_NO3 recorded from SM4 in the wet was exceptionally high, being more than eight times 

greater than the 95% DGV. This site is located downstream of the Primary Plant Discharge. 

Nitrogen oxides (N_NOx) exceeded the eutrophication DGV at all sites in the dry season and 

most sites except SM1, SM3 and WR1 in the wet season (Figure 4.3). Concentrations ranged 

from 0.01 mg/L (SM1, SM3 and WR1, wet season) to 20.30 mg/L (SM4, wet season). Generally, 

N_NOx concentrations were highest from sites with high cattle activity and access, or those 

downstream of the current discharge point (i.e. SM4, SM5 and SM6). 
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Figure 4.2: Ammonia (N_NH3) and nitrate (N_NO3) concentrations recorded from 
each site (mg/L), in comparison to ANZECC DGVs. 

 

Like other nitrogen nutrients, total nitrogen (Total N) concentrations were variable but generally 

high (Figure 4.3). All sites but WR2 (dry season), and SM1 and SM2 (wet season) exceeded 

the eutrophication DGV (Figure 4.3). Again, highest concentrations were generally recorded 

from sites with high cattle activity and access, or those downstream of the current discharge 

point. 
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Figure 4.3: Nitrogen oxide (N_NOx) and total nitrogen (Total N) concentrations 
recorded from each site (mg/L), in comparison to ANZECC DGVs. 

 

Total phosphorus (TP) was also high across all sites, ranging from 0.007 mg/L (WR2, dry 

season) to 0.39 mg/L (at ER3, wet season; Figure 4.4). Only one site recorded a TP 

concentration below the eutrophication DGV; WR2 in the dry season (Figure 4.4). Notably high 

TP concentrations, more than ten times greater than the eutrophication DGV, were recorded 

from three sites in the dry (PC2 = 0.16 mg/L; TC2 = 0.19 mg/L; and TC3 = 0.15 mg/L) and three 

sites in the wet (SM3 = 0.28 mg/L; PC3 = 0.17 mg/L; and ER3 = 0.39 mg/L; Figure 4.4). 
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Figure 4.4: Total phosphorus (TP) concentrations recorded from each site (mg/L), 
in comparison with the eutrophication DGV. 

4.4.4 Dissolved metals 

Dissolved metal concentrations were generally low, with several analytes recording 

concentrations below the limit of detection (LOD) at most, if not all sites (i.e. aluminium, 

cadmium, nickel, lead and zinc). However, a number of dissolved metals were recorded in 

concentrations in excess of 95% toxicity DGVs at some sites (Figure 4.5). Elevated dissolved 

metals included: 

• Dissolved aluminium (dAl) concentrations exceeded the 95% toxicity DGV at ER1 and 

TC3 in the wet season. The dAl concentration recorded from ER1 was notably high, 

being almost nine times greater than the 95% DGV (0.49 mg/L; Figure 4.5). 

• Dissolved boron (dB) concentrations exceeded the 95% toxicity DGV at most sites, 

except WR1 (wet), WR2 (both seasons) and ER1 (both seasons; Figure 4.5). The 

seemingly high dB concentrations recorded in the current study are not atypical for 

Pilbara surface waters, with many pools commonly recording values within the range 

seen here. The ANZECC DGV for dB is perhaps too conservative for freshwater 

ecosystems of the region. 

• Dissolved chromium (dCr) concentrations were in excess of the 95% toxicity DGV for 

Cr (VI) at SM4 (in the wet) and reference site TC1 (in both seasons; Figure 4.5). 

However, once hardness was taken into account, these sites did not exceed the 

HMGV3. Interestingly, due to the low hardness recorded from ER1, the HMGV was 

 

3 Hardness is known to ameliorate the toxicity of some metals (Cd, Cr, Pb, Ni, Zn), and therefore the 
ANZECC & ARMCANZ (2000) guidelines provide formulas to develop alternate DGVs which take into 
account the water hardness recorded at the time of survey. These alternate DGVs are known as hardness 
modified GVs (HMGVs). Although HMGV algorithms are also provided for dCu within the ANZECC & 
ARMCANZ (2000) guidelines, recent studies suggest the default HMGV for dCu is not sufficiently 
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lower than the DGV, resulting in an exceedance of the HMGV at this site in the wet 

season (Figure 4.5).  

• Dissolved copper (dCu) was elevated above the 95% toxicity DGV at two sites in the 

wet season; WR3 and TC3 (Figure 4.5). Given recent studies suggest that HMGVs for 

dCu may not be sufficiently conservative to protect key sensitive aquatic biota, DGVs 

were not modified for hardness. 

• Dissolved zinc (dZn) exceeded the 95% DGV at SM4 during the dry season; however, 

once hardness was accounted for, the concentration fell below the HMGV. 

 

 

 

Figure 4.5: Concentrations of some selected dissolved metals, in comparison to ANZECC 95% toxicity 
DGVs (showing plots for dAl, dB, dCr and dCu). NB: the DGV for dCr relates to Cr (VI), whilst 
reported concentrations refer to total dCr concentrations. 

 

Care must be taken when interpreting these results for chromium. The DGV provided in the 

ANZECC & ARMCANZ (2000) guidelines relates to Cr (VI), whilst hardness is only considered 

to ameliorate toxicity of dCr (III). Concentrations reported here relate to total dCr. Yet, the 

toxicity of Cr to aquatic biota is greatly affected by valency state, with Cr (III) being less toxic 

than Cr (VI). Determining the speciation of Cr in water requires additional analytical (i.e. 

 

conservative to protect sensitive aquatic biota from dCu toxicity (Markich et al., 2005), and therefore 
adjusting for hardness is not recommended for dCu. 
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cathodic stripping voltammetry, chromatography, ion exchange) or theoretical techniques (i.e. 

geochemical modelling) beyond the scope of the current study. Freshwater algae and 

invertebrates, particularly crustaceans, are more sensitive to Cr toxicity than fish (Stauber et 

al., 1994; Trabalika & Gehrs, 1977). Cr (VI) may bioaccumulate and Cr (III) may be bioavailable 

from suspended material (ANZG, 2018). Elevated dCr concentrations are not commonly 

recorded from surface waters across the Pilbara. 

4.4.5 Spatial and temporal variation in water quality 

Patterns were evident amongst water quality samples in multivariate space (Figure 4.6). 

General cluster groups/separation included: 

• Gorge pool sites and reference site TC3 formed a distinct SIMPROF cluster group and 

separated in ordination space from other sites.  

• Pirraburdu Creek sites generally clustered together (and separated from gorge pools 

and Seven Mile Creek).  

• Seven Mile Creek sites generally formed a cluster with ER3 (excluding currently 

impacted sites SM4 and SM6 in the dry season). 

• TC1 dry and wet samples formed their own distinct SIMPROF cluster grouping, as did 

TC2. 

• Currently impacted sites SM4 and SM6 (in the dry season) separated from all other 

sites. 

• SM3 sampled in the wet season sat alone in ordination space (Figure 4.6). 

There was considerable overlap amongst dry and wet season samples (Figure 4.6). 

Overall, there was a significant difference in water quality between creek (Two-way crossed 

ANOSIM; R = 0.40, p = 0.0001), but not between season (R = 0.02, p = 0.378). The relatively 

low R value was a result of the overlap of samples amongst creeks, with separation by 

hydrology/position in landscape being more prominent than creekline, i.e. water quality of the 

gorge pools were different to major creekline pools.  

There was a significant difference in water quality between site type (a priori groupings, i.e 

reference, potential impact, or currently impacted) (One-way ANOSIM; R = 0.41, p = < 0.001). 

The currently impacted sites SM4 and SM6 (at least in the dry season) separated from all other 

sites (Figure 4.6), likely due to the discharge from the Primary Plant Discharge. 
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Figure 4.6: nMDS of water quality data recorded during the current study. Samples are grouped 
within green circles based on significantly separate cluster groups as determined by 
SIMPROF. Samples are labelled by creek (top), season (middle) and site type (bottom). 
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4.5 Submerged and emergent vegetation 

4.5.1 Taxa composition and richness 

A total of 13 macrophyte taxa was recorded during the Greater Paraburdoo aquatic survey 

(Table 4.5). This included six emergent macrophytes and seven submerged macrophytes 

(Table 4.5). As well as these macrophytes, an additional 16 flora taxa were recorded that are 

generally associated with aquatic habitats (Table 4.5). Riparian vegetation was diverse and 

included Acacia, Corymbia, Eucalyptus and Melaleuca species, as well as other trees, shrubs, 

herbs and grasses. For the full list of all flora recorded during the survey see Appendix E.  

Emergent macrophytes included Cyperus difformis, Cyperus hesperius, Cyperus vaginatus, 

Schoenoplectus subulatus (Plate 4.1) and Typha domingensis. Submerged macrophytes 

comprised Chara spp., Najas marina, Najas tenuifolia, Vallisneria annua, Potamogeton tepperi, 

Potamogeton tricarinatus (Plate 4.1) and Ruppia sp. Three macrophyte taxa could not be 

definitively identified to species; Cyperus ?vaginatus, Chara spp. and Ruppia sp. Resolution on 

Cyperus ?vaginatus. and Ruppia sp. was due to a lack of material / immaturity (lacking flowering 

or fruiting parts), and for Chara, taxonomic limitations for Pilbara species precluded 

identification to species. Emergent or submerged macrophytes were recorded from all sites, 

except for PC5 and WR3 (Table 4.5). The greatest diversity of macrophyte taxa was recorded 

from reference sites on Pirraburdu Creek (PC1, PC2 and PC3). All macrophyte taxa were 

considered common and widespread. 

 

 

 

Plate 4.1: Schoenoplectus subulatus at SM6 (left) and Potamogeton tricarinatus at PC2 (right). 
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Table 4.5: Flora taxa associated with aquatic habitats recorded during the 2019 / 2020 Greater Paraburdoo aquatic survey.  
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Groundwater Dependent Ecosystems (GDEs) and their associated vegetation is dependent on 

the presence of groundwater to meet some, or all, of their water requirements, either through 

surface expression or subsurface presence of groundwater (Hatton & Evans, 1998). The 

presence of specific phreatophytic (groundwater dependent) flora taxa indicates dependence 

of such vegetation on surface and/or subsurface groundwater, which in turn indicates water 

permanence and potential significance of the system, especially for those not associated with 

large river or drainage systems (Rio Tinto, 2018b). All emergent macrophyte taxa recorded 

during the survey are considered phreatophytic and are known indicators of high and consistent 

moisture availability. In addition, several phreatophytic trees species, including, Eucalyptus 

camaldulensis, Eucalyptus victrix and Melaleuca glomerata were also recorded at over half of 

the study sites (Table 4.5). While these species are considered phreatophytes, none were 

defined as obligate phreatophytes, which require access to groundwater in order to persist in 

the landscape (Rio Tinto, 2018b). 

4.5.2 Conservation significant flora 

None of the emergent or submerged macrophytes recorded were of significance; however, a 

declared rare flora (DRF), Aluta quadrata, was recorded along the creekbed at WR3 in Western 

Range (Table 4.5). This species is restricted to a banded iron formation that runs east and west 

of Paraburdoo, in the southern edge of the Hamersley Range. Within this range A. quadrata is 

found on the edge of creeks, base of cliffs, rocky crevices and near the crest of ridges, 

specifically within three disjunct locations; Western Range, Pirraburdu Creek, and Channar.   

Genetic studies have been undertaken on this species to elucidate genetic diversity and guide 

management and rehabilitation programs (i.e. Byrne et al. 2016, Binks et al. 2019). Byrne et al. 

(2016) reported that each of these three populations were sufficiently genetically distinct to 

represent separate management units. The Binks et al. (2019) study focussed on the Western 

Range population and found there was a single metapopulation which displayed a 

genetic/geographic gradient across the range. 

4.5.3 Introduced flora 

Nine introduced flora species were collected during the survey, comprising two species of 

shrubs / trees, five species of herb, one species of vine and one species of grass (Table 4.5). 

Weeds recorded were: 

• Sonchus oleraceus (common sowthisle) – PC3; 

• Aerva javanica (kapok bush) – PC5; 

• Vachellia farnesiana (mimosa bush) – SM4; 

• Passiflora foetida (stinking passionflower) – SM6;  

• Datura leichhardtii (thornapple) – PC1 and PC3; 

• Datura leichhardtii subsp. leichhardtii (thornapple) – SM4; 

• Phoenix dactylifera (date palm) – ER3; 
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• Cenchrus ciliaris (buffel grass) – SM2, SM3, WR1, WR3, TC1 and all Pirraburdu Creek 

sites.  

Cenchrus ciliaris, a serious environmental weed, was recorded from half of the study sites. This 

species is invasive, and able to dramatically alter ecology (Astron, 2016; Western Australian 

Herbarium, 1998–). All other species were recorded from less than two sites.  

4.5.4 Flora comparison with previous studies 

Data on wetland vegetation of the Pilbara is limited, with varied sampling effort and taxonomic 

resolution across studies. However, wetland flora was sampled as part of the PBS, with a paper 

discussing conservation significance and distribution information due for publication next year 

(Mike Lyons, DBCA, unpub. data). In order to compare species lists with the current study, the 

DBCA kindly provided Biologic with data specific to the sites near the Study Area (i.e. Bobswim 

Pool, Fork Spring, Paperbark Spring and Yandabiddy Pool). On comparison of this dataset with 

results from the current survey, macrophyte richness was generally greater at spring sites and 

those with more permanent water (Figure 4.7). PC2 recorded the greatest richness of 

macrophytes (emergent and submerged macrophytes combined) of any site in either study 

(Figure 4.7). Gorge pools of both Western and Eastern Range recorded low richness in 

comparison to other sites sampled in the current study as well as those sampled during the 

PBS (Figure 4.7). In comparing sites sampled in both studies (PBS and the current study), an 

additional macrophyte was recorded during the PBS at Fork Spring (TC1) and two additional 

macrophyte taxa from Paperbark Spring (TC2). 

 

Figure 4.7: Macrophyte (emergent and submerged) richness recorded during in the 
current study (dry and wet seasons combined), in comparison to the PBS 
from nearby sites (Mike Lyons, unpub. data). 
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4.6 Hyporheos fauna 

Hyporheic samples were successfully collected from nine of the 20 sites in the dry season and 

11 sites in the wet. Sediments and habitat at remaining sites were not conducive to sampling 

of the hyporheic zone either due to Typha stands along banks impeding access, or the 

dominance of clay or bedrock substrates. Although clay is highly porous, it has low hydraulic 

conductivity and transmissivity and does not provide water flow or habitat (interstitial space) for 

hyporheos fauna. Similarly, bedrock substrates disconnect surface waters from hyporheic and 

groundwater environments. 

4.6.1 Taxonomic composition 

A total of 131 invertebrate taxa was recorded from hyporheic zones sampled during the current 

study; 64 in the dry season and 101 in the wet season (see Appendix F for a full taxonomic list). 

The taxa list included Hydrozoa (freshwater hydra), Gastropoda (freshwater snails; two taxa), 

Oligochaeta (freshwater segmented worms; 16 taxa), Ostracoda (seed shrimp; nine), 

Copepoda (14), Bathynellacea (one), Amphipoda (side swimmers; two), Acarina (eight), 

Collembolla (springtails; three), Coleoptera (beetles; 28), Diptera (two-winged fly larvae; 39), 

Ephemeroptera (mayflies; three), Hemiptera (true bugs; one), Lepidoptera (moth larvae; one), 

and Trichoptera (caddisfly larvae; three). Just over half of these were stygoxene (55%) and do 

not have specialised adaptations for life in groundwater habitats. These taxa were recorded 

from the hyporheic zone ‘by chance’ but can actively seek out this habitat as a refuge during 

times of drought or flood. Hyporheos fauna, comprising styogbites, permanent hyporheos 

stygophiles, occasional hyporheos stygophiles and possible hyporheic taxa, made up 43% of 

taxa collected. Of these, a total of 10% are directly dependent on groundwater for their 

persistence (stygobites or permanent hyporheos stygophiles). This result is consistent with 

other Pilbara studies, where generally less than 20% of invertebrate taxa recorded from 

hyporheic samples are totally reliant on groundwater (Halse et al., 2002). Despite this similarity, 

the percentage of stygobitic fauna recorded from hyporheic samples in the current study was 

considerably greater (10%) than that reported by Halse et al. (2002) (only 5% stygobitic fauna). 

This highlights the strong groundwater connection of some sites within the Study Area. 

Hyporheos taxa recorded during the current study included: 

Stygobites: 

• oligochaete - Dero (Allodero) sp. WA2; 

• ostracods - Candonopsis tenuis, Vestalenula sp. (dam.) and Vestalenula marmonieri; 

• copepods - Diacyclops humphreysi, Eucyclops australiensis and Paracyclops 

intermedius; 

• bathnellacae - Atopobathynella sp.; 

• amphipods - Pilbarus millsi and Paramelitidae Genus 2 sp. B19; and 

• water mites - Wandesia sp. `BAC004` and Wandesia sp. 
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Permanent hyporheos stygophiles: 

• the ostracod - Limnocythere dorsosicula; and 

• water mite - Tillia sp. `BAC003`. 

Occasional hyporheos stygophiles: 

• the oligochaetes - Allonais pectinata, Allonais ranauana, Pristina aequiseta, Pristina 

jenkinae, Pristina longiseta; 

• ostracod - Cypretta sp. and Cypretta seurati; 

• copepods - Australoeucyclops karaytugi, Ectocyclops rubescens, Fierscyclops 

(Fierscyclops) sp., Mesocyclops brooksi and Microcyclops varicans; 

• collembola - Entomobryoidea spp., Poduroidea spp. and Symphypleona spp.; 

• beetles - Limbodessus occidentalis, Georissus sp., Hydraena sp., Hydraenidae spp., 

Ochthebius sp., Hydrochus eurypleuron and Scirtidae spp. (L); and 

• chironomid - Pentaneurini sp. P1 (PSW). 

Possible hyporheic taxa included higher-level identifications for which taxa may have belonged 

to a stygal or hyporheos species (i.e. the oligochaetes Oligochaeta sp. imm/dam, Naididae 

spp., Tubificinae sp., Pristina spp., Pristina nr. osborni and Phreodrilidae spp.; copepods, 

Mesocyclops sp., Paracyclops sp. 8 and Thermocyclops `BCY066`; and water mites Acarina 

spp., Trombidiformes sp. and Prostigmata spp.; beetles Hydrophilidae sp. (L)(?hypo), 

Limnichidae sp. A and Limnichidae sp. B), as well as juvenile cyclopoids (cyclopidae 

copepodites), ostracods (Cyprinopsinae sp. juv.) and baetid mayflies (Baetidae sp.). 

4.6.2 Taxa richness 

Overall, site invertebrate richness ranged from three (at SM1 and SM6) to 28 (at SM2) in the 

dry season, and four (WR1) to 31 (SM5) in the wet (Figure 4.8). Stygoxenes dominated taxa 

richness at most sites except those with low overall richness, such as SM1, SM6 and ER1 in 

the dry season. All sites except WR1 recorded groundwater dependent taxa (stygobites and 

permanent hyporheos stygophiles), in at least one season (Figure 4.8). WR1 is an ephemeral 

gorge pool and not likely to be connected to groundwaters in the area. Across both seasons, 

the greatest richness of hyporheos taxa (including occasional stygophiles and possible 

hyporheic taxa) was recorded from PC2 (Ratty Spring; 22 taxa), followed by SM2 (18 taxa). 

The high hyporheos richness at these sites again suggests a strong connection to 

groundwaters. 
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Figure 4.8: Classification of invertebrate taxa recorded from the hyporheic zone in the dry 
season (top) and wet season (bottom). 

 

4.6.3 Conservation significant hyporheos taxa 

Invertebrate taxa recorded from the hyporheic zone of sites sampled in the current study are 

generally common and ubiquitous across the Pilbara. Of interest, however, was the collection 

of six taxa with restricted distributions. The stygobitic mites, Wandesia sp. `BAC004` recorded 

from PC2, and Wandesia sp. from SM3 and SM6 may belong to known Pilbara species or 

species new to science. The taxonomy of this genus in Western Australia is poorly known and 

the geographic ranges of the various species have not been determined. All described species 

of Wandesia are known from river interstices in eastern Australia. One known but undescribed 

species, Wandesia sp. P1 (nr glareosa), was recorded during the PBS from river pools and 

springs. Specimens of Wandesia sp. P1 (nr glareosa) were not available for comparison with 

those collected in the current study. 

The record of Tillia sp.`BAC003` from Pirraburdu Creek (PC3) likely represents the first record 

of this genus from the Pilbara and this specimen may belong to a species new to science. There 

are currently two species of described Tillia currently known, both of which appear to be 

Dry Season 

Wet Season 



Greater Paraburdoo: Aquatic Ecosystem Survey Report Dry 2019 and Wet 2020 

 

Page 70 of 136 
 

endemic to the south-west of Western Australia (Harvey 1998). Tillia have only been recorded 

from interstitial deposits and cave systems, and as such it was classified as a permanent 

hyporheos stygophile for the purposes of this study. Based on the WAM classification system, 

Tillia sp.`BAC003` would be considered a potential SRE, sub-category data deficient. While its 

current known range is < 10,000 km2 (or linear range < 100 km), there is insufficient taxonomic 

and distribution information to confirm SRE status. 

A stygobitic Parabathynellidae (syncarid) recorded from the hyporheos of PC1 in the wet 

season was a juvenile and could not be identified to species due to taxonomic limitations within 

the group. It was morphologically identified to the genus Atopobathynella, but did not match 

any known Pilbara morphotypes. A species of Atopobathynella (Atopobathynella sp. 3) was 

recorded from the Greater Paraburdoo Iron Ore Hub during a recent subterranean fauna 

survey; from shallow groundwaters of Seven-Mile Creek North (three bores within a 3 km linear 

range) (Biologic, 2019). However, the specimen recorded from PC1 appeared morphologically 

distinct to Atopobathynella sp. 3. The specimen recorded during the current study was of a 

larger size (the juvenile was larger than adult Atopobathynella sp. 3) and there was an epipod 

on the first thoracopod, which was not present in Atopobathynella sp. 3 (G. Perena, pers. 

comm.). The record of Atopobathynella from the hyporheic zone of Pirraburdu Creek may 

constitute the first record of a new species. In any case, many Parabathynellidae species and 

morphotypes are known to have restricted ranges, with many being restricted to a single 

calcrete (Guzik et al., 2008). More than two-thirds of species are known to have a range less 

than 10 km (Bennelongia, 2008). The chance that the Atopobathynella sp. recorded from PC1 

is confined to the Greater Paraburdoo area (and therefore considered an SRE) is highly likely, 

as Bathynellidae are confined to the interstitial/subterranean environment, and have low 

dispersal abilities (Coineau & Camacho, 2013). For the purposes of the current study, 

Atopobathynella sp. was classified as a potential SRE (sub-category data deficient). It is 

recommended that molecular analysis be undertaken on the specimen to further resolve its 

species identity, distribution and SRE status. The sequence could be compared to GenBank 

and Biologic’s database which includes sequences of other syncarids from the area (including 

Atopobathynella species). 

The stygal amphipods may also represent locally restricted species. Whilst Pilbarus millsi is 

widespread and known to occur in multiple catchments across the Pilbara in areas containing 

calcrete formations, genetic studies have revealed multiple highly divergent lineages, each 

associated with a distinct tributary (Finston & Johnson, 2004; Finston et al., 2007). During the 

current study, P. millsi was recorded from the hyporheic zone of PC3 and SM6. Molecular 

analysis of these Pilbarus specimens would provide further information on distribution and SRE 

status of these individuals. 

The stygal amphipod Paramelitidae Genus 2 sp. B19 was recorded from the hyporheos of SM6 

in the wet season. Individuals were identified as this morphotype as their features were most 

similar to a taxon known from the Greater Paraburdoo Iron Ore Hub area. This taxon was 

originally morphologically identified as Paramelitidae Genus 2 sp. B19 during the recent 

subterranean fauna survey, but genetic analysis split this one morphotype into three lineages 
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(`Yilgarus` `WAM-AMPP001`,`Yilgarus` `WAM-AMPP002`,‘Yilgarus` `WAM-AMPP003`) 

(Biologic, 2019). Identifying paramelitids based on morphology alone is fraught with issues 

since there are numerous examples of cryptic speciation and a high degree of morphological 

variation within a single species. Genetic analysis undertaken by others have indicated that 

most paramelitid species have ranges in the tributary-scale (Finston et al., 2008; Finston et al., 

2011; Finston et al., 2007). As such, a combined approach to species-level identification and 

assigning distribution and SRE categories to stygal amphipods is required. It is recommended 

that molecular analysis be undertaken on the Paramelitidae Genus 2 sp. B19 recorded from 

the Study Area to determine whether it belongs to one of the three WAM-AMPP lineages known 

from the area and provide further information on their distribution and SRE status. 

4.7 Macroinvertebrates 

4.7.1 Taxa composition and richness 

A total of 311 macroinvertebrate taxa was recorded during the current study; 210 in the dry 

season and 233 in the wet season. The taxonomic list comprised Hydrozoa (freshwater hydra), 

Platyhelminthes (flat worms), Nematoda (round worms), Gordioida (horsehair worms), six 

gastropod taxa (freshwater snails), 18 oligochaete taxa (aquatic segmented worms), Hirudinea 

(leeches), 16 Maxillopoda (copepods), nine Cladocera (water fleas), 24 Ostracoda (seed 

shrimp), 23 Acarina (water mites), two Collembolla (springtails), 63 Coleoptera (beetles), 66 

Diptera (two winged flies), nine Ephemeroptera (mayflies), 37 Hemiptera (true bugs), two 

Lepidoptera (moth larvae), 18 Odonata (dragonflies and damselflies) and 14 Trichoptera 

(caddisflies; see Appendix G for the full taxonomic list).  

Individual site macroinvertebrate diversity was generally high, with the greatest richness 

recorded from spring sites or those with considerable connection to the groundwater, i.e. 

reference site SM2 (69 taxa in the dry), PC1 (Ratty Spring; 69 taxa in the dry and 63 in the wet), 

PC2 (65 taxa), and ER3 (61 taxa in the dry and 72 in the wet; Figure 4.9). Lowest richness was 

recorded from WR3 (15 taxa in the wet), followed by SM4 (16 taxa in both seasons). The low 

richness recorded from WR3 was likely due to the almost complete lack of in-stream habitat, 

as well as distance to other pools. In the case of SM4 which is located downstream of the 

Primary Plant Discharge, the low macroinvertebrate richness was likely related to hydrocarbon 

contamination as well as water quality issues, including, elevated ammonia, nitrate, N_NOx, 

and total nitrogen. The macroinvertebrate fauna inhabiting this site was dominated by tolerant 

taxa, such as worms (Nematoda and eight oligochaete taxa), beetles (six taxa) and two-winged 

flies (nine taxa). All but the worms and two-winged flies were recorded in low abundance, with 

only one or two individuals present. The Nematoda were highly abundant. Invertebrates 

recorded from SM4 may have been dead on collection, given the high degree of contamination.  

Most sites were dominated by slow flow and relatively tolerant taxa, i.e. Coleoptera and Diptera. 

Dominance of Diptera within aquatic macroinvertebrate assemblages of the Pilbara is common 

(i.e. Pinder et al., 2010). Not surprisingly, taxa which require fast flows, such as Lepidoptera, 
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Simulidae (Diptera) and Cheumatopysche caddisflies (Trichoptera) were absent in the dry 

season. In the wet season, fast flow taxa were recorded from SM5, SM6, PC1, PC3 and ER3.  

 

 

Figure 4.9: Macroinvertebrate taxa richness recorded from each site in each 
season. 

 

4.7.2 Conservation significant macroinvertebrate taxa 

The vast majority of aquatic macroinvertebrates recorded from the Study Area were common, 

ubiquitous species with distributions extending across north Western Australia (2%), Western 

Australia (6%), Northern Australia (10%), Australia (19%), Australasia (9%) or the world 

(cosmopolitan species; 6%). A total of 10% were endemic to the Pilbara. Pilbara endemic taxa 

were recorded from all sites except SM4 (Figure 4.10). This is not surprising given the 

hydrocarbon contamination and apparent water quality issues at SM4. Endemic taxa tend to 

have specific habitat requirements and are generally sensitive to disturbance. As such, they 

are most commonly recorded from less disturbed sites. The greatest number of Pilbara endemic 

macroinvertebrate taxa was recorded from WR1 and TC3 (five taxa each), followed by SM2 on 

Seven-Mile Creek, upstream of current mining impacts (four taxa; Figure 4.10). 

Within the Pilbara endemic fauna were seven species of further interest; one conservation 

significant species currently listed on the IUCN Redlist of Threatened Species, three new 

records, one species known only from the Greater Paraburdoo area, and two uncommon 

species. The Pilbara endemic damselfly, Pilbara pin Eurysticta coolawanyah was recorded from 

Seven-Mile Creek, upstream of the Rio Tinto mining operations at SM2 in the dry season. As 

mentioned above, this species is currently listed on the IUCN Redlist as Vulnerable (IUCN, 

2020). Records of E. coolawanyah from pools in and around the Study Area are provided in 

(Figure 4.11). 
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Figure 4.10: Number of Pilbara endemic taxa recorded from each site in each 
season. 

 

One copepod recorded from WR3 during the wet season (Metacylcops sp. 3443 ‘BCY073’) 

constitutes the only known record of this morphotype. It is likely a new species to science and 

was classified as a Potential SRE (data deficient) for the purposes of the current study. 

The collection of two ostracods, ?Ampullacypris sp. `BOS1469` and Limnocythere sp. 

`BOS1123`, also represented the only currently known records of these taxa. ?Ampullacypris 

sp. `BOS1469` was recorded from Western Range site WR3 and long-term reference site TC2, 

while Limnocythere sp. `BOS1123` was recorded from Pirraburdu Creek at PC3. Both ostracod 

taxa were recorded in the wet season. The taxonomy of Pilbara ostracods is currently 

unresolved and there is an argument that morphological identification might be bolstered by 

molecular analysis to elucidate accurate species-level identification. For example, there are 

known similarities in carapace morphology between different species within similar 

hydrogeological settings (Reeves et al., 2007). The issue with molecular analysis for ostracods 

currently is the lack of comparative material; however, it may be prudent to begin the process 

of undertaking DNA analysis on stygal and some surface water ostracods (with unresolved 

taxonomy) to build up a sequence library that can be used in future across multiple Rio Tinto 

projects. Given the current level of knowledge, ?Ampullacypris sp. `BOS1469` and 

Limnocythere sp. `BOS1123` were classified as Potential SREs (data deficient). 
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The record of Arrenurus sp. `BAC005` from ER1 in the dry season also constitutes the first and 

only known record of this taxa. For the purposes of the current study, this taxon was classified 

as a Potential SRE (data deficient).  

The backswimmer Anisops nabillus is a relatively uncommon Pilbara endemic, with a broad, 

disjunct distribution across the region. It was recorded from SM5, ER1 and ER2 in the dry 

season. During the PBS, A. nabillus was recorded from three locations only; Desert Queen 

Baths (Rudall River NP), Watrara Creek Pool (Rudall River NP) and Harding River Pool at 

Millstream (Pinder et al., 2010). Since the PBS was undertaken, the species has been recorded 

from Koodaideri Spring (Bennelongia, 2011), Duck Creek, Kalamina Gorge, Marillana Creek, 

Weeli Wolli Creek and the nearby Turee Creek (ALA, 2020).  

The water mite Unionicola nr minutissima was recorded from SM5 and ER3 during the dry 

season. This species displays a highly disjunct distribution and appears to be rarely collected. 

It was previously recorded during the PBS from seven locations including Gregory Gorge 

(Fortescue River near Millstream), Duck Creek Pool (Ashburton), Carleecarleethong Pool and 

Pool on Tongolock (DeGrey), Running Waters and Skull Springs (Davis River), and Cangan 

Pool (Yule River). The furthest of these sites is located approximately 370 km away from the 

Greater Paraburdoo Iron Ore Hub.  

4.7.3 Introduced macroinvertebrate taxa 

No introduced macroinvertebrate taxa were recorded from the Greater Paraburdoo Iron Ore 

Hub and long-term reference sites in the current study. 

4.7.4 Spatial and temporal variation in macroinvertebrate fauna 

There was no significant difference in overall macroinvertebrate richness or Pilbara endemic 

taxa richness between site type (reference, currently impacted - receiving dewatering discharge 

and potential impact sites) or seasons (Table 4.6). Despite the lack of significance, some 

differences were noted, including generally lower overall macroinvertebrate richness in the wet 

season in comparison to the dry, and slightly higher taxa richness from reference sites in 

comparison to currently impacted and potential impact sites (Figure 4.12). In contrast, greater 

richness of Pilbara endemic taxa was recorded in the wet season, in comparison to the dry 

(Figure 4.12). Perhaps unsurprisingly, a lower average number of Pilbara endemic taxa was 

generally recorded from currently impacted sites, although this difference was not significant 

(Figure 4.12). Interestingly, the greatest average richness of Pilbara endemic taxa was 

recorded from potential impact sites (Figure 4.12). 

Table 4.6: Two-way ANOVA results testing for significant (p<0.05) differences in macroinvertebrate 
richness between site type (reference, currently impacted and potential impact sites) and 
season.  

Test Source df MS F p-value 

Overall macroinvertebrate richness Site type 2 528.93 2.56 0.096 

 Season 1 161.82 0.78 0.384 

 Site type* Season 2 44.82 0.22 0.807 

 Corrected total 32    
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Test Source df MS F p-value 

Pilbara endemic richness Site type 2 2.77 1.73 0.196 

 Season 1 1.62 1.01 0.324 

 Site type* Season 2 0.22 0.14 0.873 

 Corrected total 32    

 

  

 

Figure 4.12: Average macroinvertebrate richness recorded from each site type (reference, currently 
impacted or potential impact) in each season ± standard error for overall 
macroinvertebrate richness (left) and Pilbara endemic taxa richness (right). 

 

Macroinvertebrate richness was compared to the previous PBS study (Figure 4.13). Despite 

the seemingly high diversity recorded in the current study, the number of taxa recorded was 

generally similar to, or slightly lower than, that recorded from nearby sites sampled during the 

PBS. In comparing sites sampled in both studies, an additional 38 taxa were recorded from 

Fork Spring in the dry season of 2004 during the PBS in comparison to the 2019 dry season, 

and an additional 29 taxa in the wet of 2004 compared to 2020. While an additional 18 taxa 

were recorded from Paperbark Spring in the dry of 2004 compared to 2019, richness recorded 

in the wet season of 2004 was equal to that recorded in the wet of 2020. Water quality data 

were not available for comparison, but these previous surveys were undertaken following a 

much wetter period, and as such, surface waters in pools would likely have been higher, and 

nutrients and ions were likely considerably less concentrated than the current study.  
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Figure 4.13: Comparison of macroinvertebrate richness recorded during the current study 
and PBS (in 2003, 2004 and 2005). 

 

Given the above, macroinvertebrate assemblages recorded in the current study generally 

separated from those of the PBS in ordination space (Figure 4.14). Within the current data, 

Seven-Mile Creek samples generally clustered with Pirraburdu Creek and Turee Creek 

samples, which were all separate in ordination space from the Eastern Range and Western 

Range gorge pools. The contaminated SM4 did not group with any of these clusters and 

separated from all sites in ordination space, as did the wet season WR3 sample (Figure 4.14). 

These differences in macroinvertebrate assemblages between creeks were significant (Two-

way ANOSIM; R = 0.25, p = 0.003). The low Global R indicates a high degree of overlap of 

some samples between creeks, such as Pirraburdu and Seven-Mile (R = -0.02, p = 0.528), 

Pirraburdu and Turee (R = 0.08, p = 0.267), and Western Range and Eastern Range (R = 0.26, 

p = 0.233). Overall, this analysis suggests the macroinvertebrate assemblages of: 

• Seven-Mile, Pirraburdu and Turee Creek were similar (all creek/riverbed pools); 

• Western Range and Eastern Range pools were similar (gorge pools); 

• Creek/riverbed pools were different to gorge pools, and 

• the current study was different to the previous PBS study. 

There was also a distinct and significant separation of samples between season (Two-way 

ANOSIM; R = 0.31, p = 0.003; Figure 4.14). The low Global R was likely due to the overlap of 

wet and dry season samples within the PBS data (Figure 4.14).  
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Figure 4.14: nMDS of macroinvertebrate assemblages recorded during the current study and 
the PBS (nearby sites only). Samples are grouped within green circles based on 
significantly separate cluster groups as determined by SIMPROF. Samples are labelled 
by creek (top) and season (bottom). 

 

Within the current survey data,  a distinct separation of samples was evident between reference 

and potential impact sites, with some overlap of currently impacted and reference sites in 

ordination space (Figure 4.15). The difference in macroinvertebrate assemblages between type 

was significant (R = 0.38, p < 0.0001), but the low Global R indicated the groups were barely 

separable (likely due to the overlap of reference and currently impacted samples). The greatest 

separation was between reference and potential impact sites (R = 0.49, p = <0.0001). 
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Figure 4.15: nMDS of macroinvertebrate assemblages recorded during the current study. 
Samples are grouped within green circles based on significantly separate cluster 
groups as determined by SIMPROF. Samples are labelled by site type. 

4.8 Fish 

4.8.1 Species composition and richness 

Five species of freshwater fish from four families were recorded during the current study: the 

conservation significant Fortescue grunter (Tetrapontidae: Leiopotherapon aheneus) (DBCA 

Priority 4 species and IUCN Near Threatened), western rainbowfish (Melanotaeniidae: 

Melanotaenia australis), Pilbara tandan (Plotosidae: Neosilurus sp.4), spangled perch 

(Tetrapontidae: Leiopotherapon unicolor) and Pilbara bony bream (Clupeidae: Nematalosa 

sp.5). Tetrapontid hybrids, likely a hybridisation of Fortescue grunter and spangled perch, were 

also recorded.  

Results from this study are not unexpected given the fish fauna of the Pilbara is known to be 

characterised by low species diversity (Allen et al., 2002; Masini, 1988; Morgan et al., 2014). 

The sparse freshwater fish fauna of the Pilbara is due to its aridity (Allen et al., 2002). Greatest 

freshwater fish diversity in the region is reported from relatively clear, permanent, and semi-

permanent pools, as was the case in the current study, with PC1 and PC3 recording the highest 

richness (each recording four species plus hybrids). Sites which recorded no fish in the dry 

(including SM1, SM3, SM6 and TC2), all recorded fish in the wet season. This was likely a 

 

4 The Neosilurus catfish known from the Pilbara is genetically distinct from the described species 
Neosilurus hyrtlii from northern Australia (Unmack, 2013). The Pilbara tandan is referred to here as 
Neosilurus sp., pending future taxonomic description. 
5 The bony bream known from the Pilbara is genetically distinct from the widespread Nematalosa erebi 
which occurs across northern and eastern Australia (Unmack, 2013). The Pilbara bony bream is referred 
to here as Nematalosa sp., pending future taxonomic description. 
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result of the flooding event in the early wet season, increasing connection with other systems 

and tributaries. 

As reported in the interim report, two more species (the barred grunter, Amniataba percoides 

and the flat head goby, Glossogobius giurus) are likely to occur within the Study Area. These 

species were absent from the current study, however subsequent surveys may locate these 

species within the Study Area. 

No introduced species are currently known from the Ashburton River system. 

4.8.2 Abundance 

A total of 1,224 individual freshwater fish were recorded during the current study; 364 in the dry 

season and 860 in the wet. The greatest abundance of fish was observed during the wet, 

including PC3 (244 individual fish), followed by PC1 (187) in the dry (Figure 4.16). Of the ten 

sites which supported fish in the current study, the lowest abundance was recorded from SM2 

in the dry (six individuals, Figure 4.16). Western rainbowfish was the most abundant species 

(520 individuals in the dry and wet), followed by spangled perch (475 individuals). Spangled 

perch was the most widespread species across the Study Area, being recorded from all sites 

which yielded fish, in both seasons. Terapontid hybrids were also recorded in both seasons (13 

individuals). Pilbara bony bream was the least common (recorded from two sites in the wet 

season) and least abundant (eight individuals) species (Figure 4.16). 

 

  

Figure 4.16: Abundance of each freshwater fish species recorded from each site. 

No fish were recorded at any of the Western Range or Eastern Range gorge pools, likely due 

to their lack of connection with other systems and/or location upstream of waterfalls which 

would impede dispersal. Fish were also absent from one of the long-term reference sites (TC1 

– Fork Spring). This reference site was disconnected from the main creek line at the time of 

sampling, and likely rarely connects, aside from a brief period following heavy rain. 
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4.8.3 Conservation significant fish species 

Despite the low diversity of freshwater fishes in the Pilbara, the region does support high 

endemicity (56%) (Morgan et al., 2014). One species recorded during the current study, the 

Fortescue grunter (L. aheneus), is endemic to the region and listed as a Priority 4 (P4) species 

on the DBCA Threatened and Priority Fauna Species List (DBCA, 2020) and Endangered on 

the IUCN Redlist of Threatened Species (IUCN, 2020). This species is known only from the 

Ashburton, Fortescue, and Robe rivers in the Pilbara (Allen et al., 2002), but within these 

systems it can be abundant. Its IUCN listing was recently revised and upgraded from Near 

Threatened (IUCN, 2020). The estimated extent of occurrence for the Fortescue grunter is 

37,155 km2, but the population is severely fragmented and a continuing decline in the number 

of mature individuals was noted in the listing (IUCN, 2020). Morgan et al. (2009) reported that 

upper pools on the Fortescue River, especially Hamersley Gorge and Fern Pool in Karijini NP, 

are important refuges for the species. Major threats to the Fortescue grunter are considered to 

include livestock and the pastoral industry, mining, fire and fire suppression, and invasive 

species (IUCN, 2020). During the current study, the Fortescue grunter was recorded throughout 

Pirraburdu Creek in both seasons, and SM2 during the dry. Known records of the conservation 

significant Fortescue grunter in and around the Study Area are shown in Figure 4.17. 

4.8.4 Hybridisation 

Terapontid hybrids were recorded from SM2 and PC1 in the dry, and PC1 and PC3 in the wet. 

These were likely hybrids between Fortescue grunter and spangled perch. Similar hybridisation 

by terapontids has been previously reported in the Pilbara. Morgan et al. (2009) collected a 

terapontid from Billanoo Pool (lower Fortescue River), that they suggested was either a new 

species or a hybrid, based on “parentage from Amniataba percoides and one of the other two 

resident Leiopotherapon species”. Morgan and Gill (2006) also reported natural hybridisation 

of spangled perch with an estuarine terapontid, the yellowtail trumpeter Amniataba caudivittata, 

in the Murchison River. Hybridisation between fish species is not uncommon; nearly 4,000 

references have reported either natural or artificial hybridisation between various species 

(Schwartz, 1981). Despite this, the mechanisms behind species’ hybridisations are not often 

understood. Additionally, in the Pilbara, the question of whether offspring are reproductively 

viable remains unanswered. The importance of this cannot be understated, given the presence 

and apparent hybridisation of a State and internationally listed species of conservation 

significance (the Fortescue grunter). There is the potential for hybridisation to result in the loss 

of species through replacement by their hybrids, or the formation of a new species (if there is 

evidence of incipient speciation). Further research into the hybridisation of terapontids in Pilbara 

waterbodies is required. 
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4.8.5 Length-frequency analysis 

The seasonal, yet unpredictable nature of rainfall and streamflow in the Pilbara is reflected in 

the opportunistic and periodic reproductive strategies of Pilbara freshwater fish (Beesley, 2006). 

Most species are known to breed during the wet season, a time when new recruits and juveniles 

have the greatest chance of survival owing to the greater persistence of water/habitat, 

increased ecosystem productivity, and availability of food resources. Larvae have only a short 

window, usually in the order of a few days, with which to locate food or risk starving. 

Western rainbowfish undertake multiple spawning events throughout the year which take 

advantage of the intermittent rainfall and streamflows characteristic of the Pilbara (Beesley, 

2006). Maximum size is generally around 110 mm TL6 (Morgan et al., 2002). Size at first 

maturity varies between river systems and sex, but for the purposes of this study is considered 

to be 50 mm SL. The relatively high abundances of new recruits and juveniles suggests good 

levels of breeding and recruitment within the Study Area (Figure 4.18). There was a general 

increase in abundance for all size classes during the wet season. 

 

Figure 4.18. Length-frequency analysis for western rainbowfish. 

Spangled perch breed during the wet season, between late November and March (Beesley, 

2006), with spawning generally coinciding with flooding events (Morgan et al., 2002). Several 

spawning events will occur over the wet season (Beesley, 2006). Maturity is attained after the 

first year, at around 58 mm TL for males and 78 mm TL for females. To allow for field 

determination of age-class (without knowing sex), size at maturity was considered to be 70 mm 

SL for the purposes of this study. Maximum size of spangled perch is around 300 mm TL. 

Greatest proportions of spangled perch recorded in the dry season were sub-adults, followed 

by juveniles (Figure 4.19). There was a marked increase in new recruits and juveniles in the 

wet (Figure 4.19), indicating good wet season recruitment following rainfall and flooding earlier 

 

6 Measurements of TL (total length) include the tail. 

100 
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in the year. A greater abundance of spangled perch adults was also recorded during the wet 

(Figure 4.19). 

 

Figure 4.19: Length frequency analysis for spangled perch. 
 

As it is a relatively new, undescribed species, the breeding ecology of the Pilbara tandan is 

unknown; however, information relating to congeneric species may provide some insight. In 

northern populations of the closely related Neosilurus hyrtlii, breeding occurs early in the wet 

season in shallow, sandy/gravelly areas of the upper reaches of creeks (Allen et al., 2002) and 

fecundity ranges from 1,600 to 15,300 eggs (Orr & Milward, 1984). While other eel-tailed 

catfish, such as Tandanus tandanus, construct a unique nest into which eggs are spawned 

(Burndred et al., 2017), the available evidence suggests that N. hyrtlii simply scatter fertilised 

eggs over the substrate (Orr & Milward, 1984). Sexual maturity in N.hyrtlii is attained at around 

90 mm SL and they reach a maximum size of 400 mm TL (Bishop et al., 2001). To allow for 

field determination of age-class (without knowing sex), size at maturity was considered to be 

90 mm SL for the purposes of this study. Size class structure was similar between seasons; 

however, there was a general increase in sub-adults in the wet (Figure 4.20). 
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Figure 4.20: Length frequency analysis for Pilbara tandan. 

 

Little is known regarding the breeding biology of the Fortescue grunter, Leiopotherapon 

aheneus, and as such classification by age classes was not possible. Generally, low 

abundances of Fortescue grunter were recorded from each site, with the exception of PC1 

(Figure 4.21). The majority of individuals from this site were between 81 and 100 mm SL, and 

likely represented adults (Figure 4.21). Individuals likely to represent new recruits (≤ 30 mm SL) 

were recorded from SM2 and PC2, indicating recent recruitment at these sites. 

 

Figure 4.21: Length frequency analysis for Fortescue grunter. 

4.9 Other vertebrate fauna 

A flat-shelled (or dinner plate) turtle, Chelodina steindachneri, was recorded from SM2 in the 

dry season (Table 4.7, Plate 4.2). Although little is known of their breeding biology, males are 

thought to attain sexual maturity at around 120 mm carapace length (CL) and females at 146 

mm CL. Based on this, the female recorded from SM2 was undoubtedly an adult (Table 4.7).  
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Table 4.7. Turtle measurements (mm) from SM2. 

  Carapace Plastron Shell 

Site Sex Length Width Midline length Max. width Height 

SM2 Female 205 185 145 90 55 

 

  

Plate 4.2. Flat shelled turtle (Chelodina steindachneri) recorded from SM2. 
 

Chelodina steindachneri are known only from Western Australia, between the De Grey River in 

the north and the Irwin River in the south. They are found in both permanent and ephemeral 

systems and survive drought by aestivating in the riverbed or bank and emerging following 

heavy rain (Cann, 1998). They have been recorded from systems that have been dry for more 

than two years. Chelodina steindachneri is not currently considered to be of conservation 

significance. 

In the wet season, the desert tree frog, Litoria rubella (Plate 4.3), was recorded from several 

sites. A tadpole was caught during macroinvertebrate sampling at TC1, and live adults were 

observed at ER1, WR1, and WR2. Litoria rubella is widespread and common throughout 

northern Australia. 

 

Plate 4.3: Little desert frog (Litoria rubella) 
observed at WR2. 
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4.10 Rehydration-emergence trials 

As detailed in the methods above (see section 3.2), two ‘phases’ were undertaken for the 

rehydration trials (referred to as Phase 1 and Phase 2 below). This relates to the fact that an 

initial wetting trial was undertaken (Phase 1) and biota harvested, and then sediments were re-

wetted to simulate a second flushing event (Phase 2). 

4.10.1 Water quality 

In situ water quality monitoring began on the fourth day of Phase 1 and second day of Phase 2 

to allow time for parameters to stabilise. Unfortunately, a technical issue with the pH probe 

meant that no pH readings were able to be accurately recorded for the first half of Phase 1. 

Overall, water quality was more variable in the first phase of rehydration trials and stabilised 

during the second phase (Figure 4.22). This is likely due to solutes within sediments being 

disturbed and mobilised during trial establishment and the first inundation event.  

Most sites recorded EC which would be considered fresh, except SM1. EC ranged from 259 

µS/cm (at WR1 Phase 1) to 4,351 µS/cm (at SM1 Phase 1). During Phase 1, SM1 was brackish 

and some of the higher values recorded during the trial were approaching saline. EC stabilised 

considerably during the second phase of the trial and ranged from 544 µS/cm (at WR3) to 1,288 

µS/cm (at SM1; Figure 4.22). Overall, EC recorded during the rehydration trials was comparable 

to that recorded during the field survey, especially during Phase 2. The exception was the 

Western Range sites, WR1 and WR3, which recorded higher EC during the rehydration trials. 

The Seven-Mile Creek site (SM1) and Pirraburdu Creek sites (PC4 and PC5) recorded lower 

EC than comparable surface water sites, during at least one phase of the trials (see section 

4.4.1 and Appendix D).  

pH was alkaline and ranged from 7.87 (at PC4 in Phase 1) to 9.03 (SM1 in Phase 2). pH was 

variable throughout both phases, with generally higher pH recorded during Phase 2. While all 

pH values exceeded the default ANZECC DGV, all were within the range recorded from surface 

waters during the field survey (see section 4.4.1 and Appendix D).  

Extensive algal growth was observed in all tanks during Phase 1 of the trial which likely 

indicated the mobilisation of stored nutrients. SM1 and WR1 were the most affected, with both 

sites exhibiting high abundances of algal and macrophyte growth (Plate 4.4). While there was 

some algal growth present during Phase 2, it was considerably less abundant than Phase 1. 

The physical removal of algae, combined with fresh water flushing while establishing Phase 2, 

likely limited eutrophic conditions and associated algal growth.  
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Figure 4.22: In situ water quality recorded during Phase 1 (left) and Phase 2 (right) of the Greater 
Paraburdoo rehydration trials. 

 

 

Plate 4.4: Extensive algal growth observed in SM1 (left) and WR1 (right) during Phase 1 of the 
rehydration trials. 
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4.10.2 Taxonomic composition and species richness 

The Greater Paraburdoo rehydration trials were highly productive and yielded over 10,000 

specimens, representing 36 taxa, covering both invertebrates and primary producers (Table 

4.8). Of these, 22 taxa were invertebrates and 14 were primary producers. Overall taxa richness 

(Phase 1 and 2 combined) ranged from five (at PC5) to 21 (at WR1) (Figure 4.23). The richest 

group was the Ostracoda (seed shrimp) which was represented by ten taxa, followed by 

Rotifera (nine taxa) and Diplostraca (water fleas and clam shrimp; seven taxa, Table 4.8). The 

dominance of crustacea is typical of rehydration trials (Rodman et al., 2016). These groups 

often make up a large proportion of the invertebrate assemblage in temporary waters due to 

their ability to produce resting stages capable of withstanding long periods of drought (Rossi et 

al., 2013; Timms, 1993). While Rotifera and Diplostraca accounted for a high proportion of the 

taxa richness at all sites, Ostracoda only emerged from three sites (Figure 4.23). A substantial 

proportion (seven taxa) of ostracod taxa were recorded from just one sites (WR1; Table 4.8). 

Interestingly, Insecta (Chironomus occidentalis) were recorded from PC4 in Phase 2, which is 

uncommon in emergence trials, but not undocumented (Rossi et al., 2013; Strachan et al., 

2015; Timms, 1993) (Table 4.8). Unlike most other aquatic insects, some species of chironomid 

are known to produce desiccation-resistant eggs that can remain viable several years without 

inundation. Several taxa emerged during one phase of the trial only, including, but not limited 

to, Limnadopsis pilbarensis and Chironomus occidentalis (Table 4.8).  

Rotifers and Diplostraca were the most commonly occurring invertebrate group and were 

recorded from all trial sites, in at least one Phase (Table 4.8). While rotifers were recorded in 

both phases, Diplostraca only emerged from PC4 and PC5 during the second phase of the trial 

(Table 4.8). This indicates that under current trial conditions, these two species, Alona 

rigidicaudis and Karualona karua, required a second inundation event in order to emerge. 

Ostracoda, while the most taxon rich group (ten taxa), was only recorded from three sites. 
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Table 4.8: Aquatic taxa recorded during Phase 1and Phase 2 of the Greater Paraburdoo rehydration trials. 

   Phase 1 Phase 2 

Class/Order Family Lowest taxon SM1 PC4 PC5 WR1 WR3 SM1 PC4 PC5 WR1 WR3 

CHLOROPHYTA                         

CHAROPHYCEAE                         

Charales Characeae Chara spp.       ✓         ✓   

PLANTAE                         

LILIOPSIDA                         

Alismatales Hydrocharitaceae Vallisneria annua ✓       ✓ ✓       ✓ 

  Ruppiaceae Ruppia sp. (imm.)             ✓   ✓   

MAGNOLIOPSIDA                       

Myrtales Lythraceae ? Ammannia sp. (imm.)^             ✓      

MARCHANTIOPSIDA                         

Marchantiales Ricciaceae Ricciaceae sp. (gametophyte)^       ✓         ✓   

    Riccia sp. ^         ✓         ✓ 

ROTIFERA                         

BDELLOIDEA   Bdelloidea sp. 2:2^   ✓   ✓   ✓ ✓       

    Bdelloidea sp. ^               ✓   

MONOGONONTA                         

Flosculariacea Flosculariidae Lacinularia sp.^     ✓     ✓         

Ploima Euchlanidae Euchlanis sp.^ ✓                   

    Euchlanis dilatata^         ✓           

  Lecanidae Lecane bulla^       ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

    Lecane closterocerca^ ✓     ✓             

    Lecane papuana^ ✓         ✓   ✓ ✓   

  Notommatidae Notommatidae sp.^ ✓                   

PLATYHELMINTHES                       

TURBELLARIA   Turbellaria sp.          ✓#       ✓ ✓# 

ARTHROPODA                       

CRUSTACEA                         

BRANCHIOPODA                         
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   Phase 1 Phase 2 

Class/Order Family Lowest taxon SM1 PC4 PC5 WR1 WR3 SM1 PC4 PC5 WR1 WR3 

Anostraca   Anostraca sp. unident^       ✓#             

Diplostraca Chydoridae Alona sp. 1^ ✓                   

    Alona sp. 2^       ✓             

    Alona rigidicaudis          ✓  ✓ ✓ ✓ 

    Karualona karua^          ✓ ✓ ✓   ✓ 

  Daphniidae Ceriodaphnia aff. laticaudata       ✓             

    Simocephalus heilongjiangensis ✓         ✓         

  Limnadiidae Limnadopsis pilbarensis^         ✓           

OSTRACODA                         

Podocopida Cyprididae Cypretta sp. (imm.) ✓                   

    Cypretta sp. `BOS861`^                ✓   

    Cypricercus sp. `415` (CB) ^                ✓   

    Cypricercus sp. `BOS911`^       ✓ ✓           

    Heterocypris sp.^         ✓           

    Ilyodromus sp. `413` (nr candonites)^       ✓             

    Ilyodromus williamsi^                ✓   

    Strandesia sp. `466`                  ✓ 

    Stenocypris major                ✓  

  Limnocytheridae Limnocythere sp.`BOS1314`^          ✓     ✓  

HEXAPODA                         

COLLEMBOLA                         

Symphypleona   Symphypleona sp.        ✓         ✓   

INSECTA                         

Diptera Chironomidae Chironomus occidentalis^             ✓       
  Taxa richness 8 1 1 11 8 9 6 4 14 7 

 

^ denotes taxa recorded in rehydration emergence trials only, and # indicates taxa was observed during trials but was not present during the final harvest. 
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Figure 4.23: Taxa richness recorded from each site during the Greater 
Paraburdoo rehydration trails (Phase 1 and 2 combined). 

 

The period of greatest emergence occurred between days seven and ten in Phase 1, after 

which new emergences fluctuated slightly until stabilising around day 17 (Figure 4.24). There 

were two periods of high emergence activity during Phase 2, one at the start of the trial, through 

to day four, and one between day 17 and 19 (Figure 4.24). Interestingly, there was a reduction 

in diversity during Phase 2 between day 14 and 17 (Figure 4.24). The changes in diversity 

reflect succession, where different species emerge early and die out following short life cycles, 

other species predate or out-compete others, and changing water quality favour certain taxa 

over the course of the trials. Cladocera were generally the first to emerge. Other taxa such as 

Ostracods and Turbellaria tended to have more variable timing for emergence. The colonial 

Flosculariid Rotifers and Chironominae (non-biting midge) larvae emerged later in the trials, 

after day 14. 
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Figure 4.24: Cumulative observed taxa richness (mean ± standard error) of 
emergences observed during Greater Paraburdoo rehydration trials in 
each phase. 

The Western Range site WR1, recorded notably higher taxa richness than other rehydration 

trial sites, during both phases (Table 4.8, Figure 4.25). Taxa richness was also comparatively 

high at the second Western Range site (WR3) and the Seven-Mile Creek site (SM1). While 

improving during the second phase of the trial, both Pirraburdu Creek sites (PC4 and PC5) 

recorded the lowest richness (Figure 4.25). Generally, taxa richness was higher in Phase 2 

(Figure 4.25). Phase 2 of the rehydration trial simulates a second inundation event, where water 

commonly persists for longer than the first inundation. The higher emergence is a response to 

this, as persistent water provides aquatic biota the best chance to complete their life cycle 

before waters recede. Completing a two-phase trial maximised taxa richness by accounting for 

different emergence cues.  

 

Figure 4.25: Comparison of taxa richness recorded in each 
phase of the Greater Paraburdoo rehydration trials.  

Submerged macrophytes often produce desiccation resistant seeds and spores which allow 

them to withstand long periods of drought and quickly colonise ephemeral wetlands during 
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flooding events (Garcia, 1999). Macrophytes were represented by four plant genera 

(Vallisneria, Ruppia, ?Ammannia and Riccia) and one algae genus (Chara), and germinated in 

all sites except PC5. A gametophyte life stage of the liverwort Ricciaceae (Plate 4.5) also 

germinated over the course of the trial (Table 4.8). The Ricciaceae sp. (gametophyte) and 

Riccia sp. were not recorded during the field survey. While the trials aimed to allow sufficient 

time for emergences, several macrophyte taxa did not reach the level of maturity required to 

allow identification to species. 

 

Plate 4.5: The Ricciaceae sp. (gametophyte), which 
germinated from WR1 during rehydration 
trials (photo by Syngeon 
Rodman/Biologic). 

The rehydration trials added an additional 22 invertebrate taxa known from the Study Area (i.e. 

taxa that were not recorded from hyporheic or macroinvertebrate samples). These were; the 

rotifers Bdelloidea sp. 2:2, Bdelloidea sp., Lacinularia sp., Euchlanis sp., Euchlanis dilatata, 

Lecane bulla, Lecane closterocerca, Lecane papuana, Notommatidae sp.; Anostraca sp.; the 

Cladocera Alona sp. 1, Alona sp. 2 Karualona karua and Ceriodaphnia aff. laticaudata; the 

Conchostraca Limnadopsis pilbarensis; the ostracods Cypretta sp. `BOS861`, Cypricercus 

`BOS911`, Heterocypris sp., Ilyodromus `413` (nr candonites) (PSW), Ilyodromus williamsi and 

Limnocythere sp.`BOS1314`; and the chironomid Chironomus occidentalis. 

4.10.3 Conservation significance of emergent fauna 

Most taxa recorded during the Greater Paraburdoo rehydration trials are widely distributed and 

none are listed as being of conservation significance. The only species of interest was the clam 

shrimp Limnadopsis pilbarensis. This species is a Pilbara endemic, but is relatively uncommon, 

being recorded from temporary pools only. During the PBS, it was only recorded from one site, 

Burrup Rockhole northeast of Dampier (Pinder et al., 2010). It has also been recorded from 

Beabea Creek, Ratty Spring (our PC1 on Pirraburdu Creek) and Glen Ross Creek (Timms, 

2009). In the current study, L. pilbarensis emerged from sediments collected from Western 

Range site WR3. 
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4.10.4 Comparison with other sediment rehydration studies 

No studies undertaken in the vicinity of the Study Area, including the PBS, incorporated 

sediment rehydration trials. Therefore, comparison was made to trials conducted within the 

State which were publicly available (Bennelongia, 2017; Rodman et al., 2016; WRM, 2016). 

Results of the few rehydration trials conducted on Pilbara sediments are variable, with trials 

yielding fairly depauperate (ten taxa) to considerably rich invertebrate assemblages (20 taxa; 

Figure 4.26). Looking more broadly across Western Australia, invertebrate richness reported in 

available studies ranged from three to 37 taxa (Figure 4.26). Greater Paraburdoo recorded high 

invertebrate taxa richness (36 taxa) in comparison to these other studies, including the Coolibah 

wetlands (WRM, 2016) of the Pilbara and ephemeral creeklands and lake playas in inland 

Western Australia (Rodman et al., 2016; Bennelongia, 2017; Figure 4.26). Only one study 

undertaken in the Goldfields on the Fisher East wetlands, recorded higher diversity than the 

current study with a comparable amount of sites (six sites) (Rodman et al., 2016; Figure 4.26). 

Overall, Greater Paraburdoo assemblages were consistent with those recorded in previous 

studies, largely comprising rotifers and crustaceans (Rodman et al., 2016; WRM, 2016).  

 

                         

Figure 4.26: Comparison of invertebrate taxon richness recorded during the 
Greater Paraburdoo rehydration trials and other rehydration trials 
conducted on sediments from inland WA. 

 

This trial indicates the water bodies of the Study Area, particularly the Seven-Mile Creek site 

(SM1) and the Western Range sites (WR1 and WR2), have a diverse viable dormant egg / seed 

bank. In general, rehydration trials are undertaken with sediments from ten or more sites 

(Rodman et al., 2016; WRM, 2016). It is likely that taxa diversity would increase considerably 

with incorporation of additional sites into any future rehydration trials undertaken within the 

Study Area.  
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5 CONCLUSIONS 

5.1 Water quality and habitats 

Permanent and semi-permanent pools occur within the Greater Paraburdoo Iron Ore Hub. 

Seven-Mile Creek and Pirraburdu Creek support an open Eucalyptus camaldulensis 

overstorey. This species is a facultative phreatophyte (groundwater dependent vegetation; 

GDV) and may utilise groundwater when it is available (but is not solely dependent on 

groundwater). A diversity of other mesic species also occur in close association with these 

creeklines, such as Cyperus vaginatus, Cyperus difformis, Schoenoplectus subulatus and 

Typha domingensis. The presence of the aforementioned species suggests groundwater is 

persistently at or just below the surface at sites sampled along Seven-Mile Creek and 

Pirraburdu Creek 

In-stream habitats of most sites comprised a diversity of complex, heterogenous structures with 

which to support aquatic fauna. Exceptions to this were the gorge pools (Western Range and 

ER1 and ER2), and Seven-Mile Creek site SM3 (Kelly’s Pool). These sites were dominated by 

open cover of inorganic sediments, with some debris. 

In the dry season, pools appeared stressed and were showing the effects of successive dry 

years. Low rainfall and lack of flushing led to creeks and waterholes receding and undergoing 

evapoconcentration of ions and nutrients. The general lack of water in the area also meant that 

cattle were concentrated around these remaining pools (especially along Seven-Mile Creek, 

Pirraburdu Creek and reference sites on Turee Creek), leading to increased nutrient loads and 

abundant algal and macrophyte growth. Despite the good wet season, with heavy rainfall and 

associated flooding in early 2020, pools were still elevated in nitrogen nutrients and EC was 

relatively high (especially at Seven-Mile Creek) during the wet season survey. 

Water quality concentrations outside ANZECC & ARMCANZ (2000) DGVs were recorded for 

several analytes from most sites. Exceedances of DGVs included: 

• EC – at all sites except ER1, WR2 and WR3. 

• DO – most sites recorded low DO, below the lower DGV, in at least one season. 

• DO – SM3 recorded super-saturated DO, in excess of the DGV. 

• pH – ER1 recorded acidic pH in the dry season, below the lower default GV. 

• pH – A number of sites recorded basic pH, greater than the DGV. Slightly basic pH is 

not unexpected for Pilbara pools. 

• Turbidity – exceeded the DGV at SM4, PC2 and ER1. 

• N_NH3 - concentrations exceeded the 95% toxicity DGV at SM3 (wet season) and TC3 

(dry). 

• N_NO3 – a number of sites exceeded the 95 % toxicity DGV, including SM4, SM5, 

SM6, PC1, PC3 and TC1. SM4 recorded notably higher N_NO3 concentrations that all 

other sites, particularly in the wet season. 

• N_NOx - exceeded the eutrophication DGV at all sites in the dry season, and all but 

SM1, SM3 and WR1 in the wet. 
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• TN – all sites except WR2 exceeded the eutrophication DGV in the dry, and all but SM1 

and SM2 in the wet. 

• TP – concentrations were higher than the eutrophication DGV at all sites. 

• dAl - the 95% toxicity DGV was exceeded at ER1 and TC3 in the wet season. The dAl 

concentration recorded from ER1 was notably high, being almost nine times greater 

than the 95% DGV (0.49 mg/L). 

• dB - exceeded the 95% toxicity DGV at most sites, except WR1 (wet), WR2 (both 

seasons) and ER1 (both seasons). The concentrations recorded here are not atypical 

for Pilbara surface waters, with many pools commonly recording values within the 

range seen here.  

• dCr - SM4 (in the wet) and reference site TC1 (in both seasons) exceeded the 95% 

toxicity DGV for Cr (VI). However, once hardness was taken into account, these sites 

did not exceed the HMGV. Interestingly, due to the low hardness recorded from ER1, 

the HMGV was lower than the DGV, resulting in an exceedance of the HMGV at this 

site in the wet season.  

• dCu - was above the 95% toxicity DGV at two sites in the wet season; WR3 and TC3.  

The fact that baseline water quality of reference sites, outside areas of current discharge, 

showed elevated concentrations of a number of analytes in comparison to DGVs highlights the 

need for site-specific guideline values (SSGVs) to be developed prior to any discharge or further 

development. Biologic are currently undertaking this work for Rio Tinto, the results of which will 

be reported separately. 

The elevated nitrogen nutrients were likely the result of direct cattle access to waters at some 

sites (i.e. along Seven-Mile Creek, Pirraburdu Creek and reference sites on Turee Creek), and 

discharge of groundwater with high nutrient concentrations downstream of the current Primary 

Plant discharge point. SM4, located approximately 200 m downstream of this current discharge 

point was highly contaminated at the time of sampling, in both seasons. Hydrocarbons were 

visible on the surface and notably high nitrogen nutrient concentrations were recorded.   

Multivariate analysis indicated that the differences in water quality were more strongly 

influenced by hydrology/position in the landscape rather than creek, i.e. water quality of the 

gorge pools at Eastern and Western Range were different to major creekline pools (Seven-Mile 

Creek and Pirraburdu Creek). Concentrations of ions were much lower at gorge pools, likely 

reflecting the lack of evaporation (and therefore reduced evapoconcentration), as well as 

greater contributions from rainfall rather than groundwater. Correspondingly, EC was also low 

at these sites. Nutrient and dissolved metal level concentrations were also generally lower than 

Seven-Mile and Pirraburdu Creek. 

There was also significant difference in water quality between site type (a priori groupings, i.e 

reference, potential impact, or currently impacted). The currently impacted sites SM4 and SM6 

(at least in the dry season) separated from all other sites, likely due to the discharge from the 

Primary Plant. 
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5.2 Aquatic Flora 

A total of 13 macrophyte taxa was recorded during the survey; six emergent taxa (Cyperus 

difformis, Cyperus hesperius, Cyperus vaginatus, Cyperus ?vaginatus and Schoenoplectus 

subulatus) and six submerged macrophyte taxa (Chara spp., Najas marina, Najas tenuifolia, 

Vallisneria annua, Potamogeton tepperi, Potamogeton tricarinatus and Ruppia sp.). Riparian 

vegetation was diverse and included Acacia, Corymbia, Grevillea, Eucalyptus and Melaleuca 

species, as well as other trees, shrubs, herbs and grasses. 

No macrophytes were recorded from PC5 or WR3. This is not surprising given the ephemeral 

nature of these sites. No submerged macrophytes were recorded from the hydrocarbon 

contaminated SM4. The greatest diversity of aquatic flora was recorded from the reference sites 

at Pirraburdu Creek (PC1, PC2 and PC3). 

None of the emergent or submerged macrophytes collected were of conservation significance; 

however, a declared rare flora (DRF), Aluta quadrata, was found along the dry creekbed at 

WR3 in Western Range. Aluta quadrata is restricted to a banded iron formation that runs east 

and west of Paraburdoo, in the southern edge of the Hamersley Range. There are three known 

disjunct populations; Western Range, Pirraburdu Creek, and Channar.  

Nine introduced flora species were recorded during the current study, including: 

• Sonchus oleraceus (common sowthisle) – PC3; 

• Aerva javanica (kapok bush) – PC5; 

• Vachellia farnesiana (mimosa bush) – SM4; 

• Passiflora foetida (stinking passionflower) – SM6;  

• Datura leichhardtii (thornapple) – PC1 and PC3; 

• Datura leichhardtii subsp. leichhardtii (thornapple) – SM4; 

• Phoenix dactylifera (date palm) – ER3; 

• Cenchrus ciliaris (buffel grass) – SM2, SM3, WR1, WR3, TC1 and all Pirraburdu Creek 

sites.  

5.3 Aquatic Fauna 

Pools within the Greater Paraburdoo Iron Ore Hub supported a diverse range of aquatic fauna, 

including 378 invertebrate taxa7, five freshwater fish species, one species of turtle and one 

species of frog.  

Sites of highest ecological value were all reference sites; SM2, PC1, PC2 and ER3. These sites 

generally recorded a high macroinvertebrate diversity, high richness of hyporheos fauna (SM2, 

PC2 and ER3), high Pilbara endemic taxa richness, and the greatest diversity and abundance 

of fish. The listed Fortescue grunter (DBCA Priority 4, IUCN Near Threatened) was also 

recorded from all three sites, and SM2 supported the flat-shelled turtle Chelodina steindachneri. 

 

7 The total invertebrate richness includes taxa recorded in both hyporheic and macroinvertebrate samples, 
as well as emergences during rehydration trials. 
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SM2 and ER3 also supported GDVs. While potential impact site, WR3, generally recorded low 

richness of aquatic fauna, it did support two Potential SREs (data deficient) (?Ampullacypris 

sp. `BOS1469` and Metacyclops sp. 3443 `BCY073`), both of which constituted first records 

(Table 5.1), and the relatively uncommon clam shrimp Limnadopsis pilbarensis. The lack of 

stygal species and hyporheos fauna in general likely reflects the lack of connection to 

groundwaters at WR3.  

The aquatic fauna assemblage of currently impacted site (and future potential impact site) SM4 

was displaying effects of hydrocarbon and nitrogen nutrient contamination, with low diversity of 

macroinvertebrates, high abundance of tolerant and nuisance taxa such as Nematoda, lack of 

sensitive and Pilbara endemic taxa, and no fish. Some of the invertebrates recorded from SM4 

may have been dead on collection. 

Despite the seemingly high diversity recorded in the current study, the number of 

macroinvertebrate taxa recorded was generally comparable to, or slightly lower than nearby 

sites sampled during the PBS. In comparing sites sampled in both studies, a considerable 

number of additional taxa were recorded from both Fork Spring and Paperbark Spring, 

particularly when comparing the dry season of 2004 (PBS) with the 2019 dry season (this 

study). Water quality data were not available for comparison, but these previous surveys were 

undertaken following a much wetter period, and as such, surface waters in pools would likely 

have been higher, and nutrients and ions were likely considerably less concentrated than the 

current study. 

 

Multivariate analysis found that overall, the macroinvertebrate assemblages of Seven-Mile 

Creek and Pirraburdu Creek were statistically similar to one another, but were significantly 

different to those recorded from the gorge pools at Eastern and Western Range. There was 

also a significant difference in macroinvertebrate assemblages between seasons.  

Given the contamination present at SM4, lower average macroinvertebrate richness was 

recorded from currently impacted sites in comparison to reference and potential impact sites. 

However, this difference was not significant. While there was no significant difference in the 

number of Pilbara endemic taxa recorded between site type, perhaps unsurprisingly a lower 

average number of endemic taxa was generally recorded from currently impacted sites. 

Interestingly, the greatest average richness of Pilbara endemic taxa was recorded from 

potential impact sites. 

A total of 15 taxa recorded during the current survey were of scientific interest or conservation 

significance, including two listed species (Table 5.1). The Pilbara pin damselfly Eurysticta 

coolawanyah (Vulnerable IUCN Redlist) was recorded from reference site SM2. The Fortescue 

grunter, Leiopotherapon aheneus (DBCA Priority 4 species and IUCN Near Threatened) was 

recorded from reference sites SM2, PC1, PC2 and PC3. Both species are known from outside 

the Study Area.  

Of the other taxa of conservation significance, six Potential SREs (data deficient) were recorded 

from potential impact sites. These included ?Ampullacypris sp. `BOS1469` (WR3 as well as 
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reference site TC2), Metacyclops sp. 3443 `BCY073`   (WR3), Pilbarus millsi (SM6 but also 

reference site PC3), Paramelitidae Genus 2 sp. B19 (SM6), Wandesia sp. (SM6, but also 

upstream at reference site SM3), Arrenurus sp. `BAC005` (ER1) (Table 5.1). Of these, three 

were also recorded from reference sites, which will be unlikely to be impacted by the proposed 

development. 

5.4 Final remarks 

Due to the aridity of the Pilbara, rivers of the region tend to be ephemeral. Streamflow is highly 

seasonal and variable, and generally occurs over the summer months in response to cyclonic 

events and thunderstorms. As such, permanent water sources are relatively scarce and 

restricted to springs and permanent pools. Such predictable sources of water have high 

conservation importance as they support richer faunas than ephemeral water-bodies and 

provide a refuge for many species during drought (Halse et al., 2002; Kay et al., 1999). This 

was the case in the current study, with the spring sites and permanent pools in the Study Area 

(i.e. SM2, PC1, PC2 and ER3) found to support a notably high diversity of aquatic flora and 

invertebrate taxa, compared to the more ephemeral gorge pools which lack a connection to 

groundwater (Western and Eastern Range potential impact sites). Permanent pools are also 

known to provide an important source for colonisation of newly flooded pools and maintenance 

of invertebrate species at the regional level (Halse et al., 2002). Permanent springs in shaded 

gorges and riverbeds support a suite of mesic-adapted species that are otherwise rare in the 

region. As such, the spring and permanent pool sites within the Study Area are of ecological 

importance in the region. 

This study represents the first aquatic ecosystem survey undertaken within the Greater 

Paraburdoo Iron Ore Hub. Results from this survey provide an assessment of the ecological 

values and health of aquatic systems within the Study Area and address the EPA requirements 

relating to the Inland Waters Environmental Quality key environmental factor, specifically the 

need to: 

• Characterise the baseline ecological values and water quality, both in a local and 

regional context, including, but not limited to aquatic fauna assemblages and water 

quality. 

• Analyse, discuss, and assess potential groundwater and surface water impacts (direct 

and indirect) including impacts through drawdown, discharge, or changes to 

hydrological regimes. 

Recommendations for further work are provided in a separate recommendation’s memo. 
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Table 5.1: Conservation significant taxa and fauna of interest recorded from the Greater Paraburdoo Iron Ore Hub (GPIOH) during the current survey. 

Type Species 

Sites Recorded    

Within GPIOH  Reference Sites Known from outside 

the Study Area 

Conservation significance Listing 

Ostracods 

?Ampullacypris sp. `BOS1469` WR3 TC2 No. Known only from 

the Greater 

Paraburdoo Area 

First record. 

Potential SRE (data deficient) 

 

Limnocythere sp. `BOS1123` PC3 None No Only known record. May 

represent a new species. 

Potential SRE (data deficient) 

 

Copepod 
Metacyclops sp. 3443 

`BCY073`   
WR3 

None No First record. May represent a 

new species. 

Potential SRE (data deficient) 

 

Conchostraca 

Limnadopsis pilbarensis WR3 (emergence) None Yes Relatively uncommon Pilbara 

endemic. Only known from a 

small number of temporary 

pools 

 

Bathynellacea 

Atopobathynella sp.* PC1 None No First record. May represent a 

new species.  

Potential SRE (data deficient) 

 

Amphipods 

Pilbarus millsi* SM6 & PC3 None Yes Widespread Pilbara endemic, 

but specimens from the 

GPIOH may represent a 

cryptic, highly divergent 

lineage 

 

Paramelitidae Genus 2 sp. B19* SM6 None No Potential SRE (data deficient)  
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Type Species 

Sites Recorded    

Within GPIOH  Reference Sites Known from outside 

the Study Area 

Conservation significance Listing 

Water mites 

Wandesia sp. ‘BAC004’ PC2 None No Potential SRE (data deficient)  

Wandesia sp. SM3 & SM6 None  Unknown Potential SRE (data deficient)  

Tillia sp. ‘BAC003’ PC3 None No The first record of this genus 

from the Pilbara & may 

represent a species new to 

science. 

Potential SRE (data deficient) 

 

Unionicola nr minutissima SM5 & ER3 None Yes Highly disjunct distribution & 

rarely collected 

 

Arrenurus sp. `BAC005` ER1 None No First record. May represent a 

new species. 

Potential SRE (data deficient) 

 

True bug  Anisops nabillus    SM5, ER1 & ER2       None            Yes                                Relatively uncommon Pilbara 

endemic

 

Damselfly Eurysticta coolawanyah SM2 None Yes Listed species IUCN Vulnerable  

Fortescue 

grunter (fish) 

Leiopotherapon aheneus SM2, PC1, PC2 & 

PC3 

None Yes Listed species DBCA Priority 4  

IUCN Near Threatened 

*indicates molecular analysis required to elucidate species identification, distribution and SRE status. 
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APPENDICES 

Appendix A: Conservation Status Codes 

International Union for Conservation of Nature 

Category Definition 

Extinct (EX) 

A taxon is Extinct when there is no reasonable doubt that the last 

individual has died. A taxon is presumed Extinct when exhaustive 

surveys in known and/or expected habitat, at appropriate times 

(diurnal, seasonal, annual), throughout its historic range have failed 

to record an individual. Surveys should be over a time frame 

appropriate to the taxon's life cycle and life form. 

Extinct in the Wild (EW) 

A taxon is Extinct in the Wild when it is known only to survive in 

cultivation, in captivity or as a naturalized population (or populations) 

well outside the past range. A taxon is presumed Extinct in the Wild 

when exhaustive surveys in known and/or expected habitat, at 

appropriate times (diurnal, seasonal, annual), throughout its historic 

range have failed to record an individual. Surveys should be over a 

time frame appropriate to the taxon's life cycle and life form. 

Critically Endangered (CR) 

A taxon is Critically Endangered when the best available evidence 

indicates that it meets any of the criteria A to E for Critically 

Endangered (see Section V), and it is therefore considered to be 

facing an extremely high risk of extinction in the wild. 

Endangered (EN) 

A taxon is Endangered when the best available evidence indicates 

that it meets any of the criteria A to E for Endangered (see Section 

V), and it is therefore considered to be facing a very high risk of 

extinction in the wild. 

Vulnerable (VU) 

A taxon is Vulnerable when the best available evidence indicates 

that it meets any of the criteria A to E for Vulnerable (see Section V), 

and it is therefore considered to be facing a high risk of extinction in 

the wild.  

Near Threatened (NT) 

A taxon is Near Threatened when it has been evaluated against the 

criteria but does not qualify for Critically Endangered, Endangered 

or Vulnerable now, but is close to qualifying for or is likely to qualify 

for a threatened category in the near future 

Data Deficient (DD) 

A taxon is Data Deficient when there is inadequate information to 

make a direct, or indirect, assessment of its risk of extinction based 

on its distribution and/or population status. A taxon in this category 

may be well studied, and its biology well known, but appropriate data 

on abundance and/or distribution are lacking. Data Deficient is 

therefore not a category of threat. Listing of taxa in this category 

indicates that more information is required and acknowledges the 

possibility that future research will show that threatened 

classification is appropriate. It is important to make positive use of 

whatever data are available. In many cases, great care should be 

exercised in choosing between DD and a threatened status. If the 

range of a taxon is suspected to be relatively circumscribed, and a 

considerable period of time has elapsed since the last record of the 

taxon, threatened status may well be justified. 
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Environment Protection and Biodiversity Conservation Act 1999 

Category Definition 

Extinct (EX) Taxa not definitely located in the wild during the past 50 years. 

Extinct in the Wild (EW) Taxa known to survive only in captivity. 

Critically Endangered (CE) 
Taxa facing an extremely high risk of extinction in the wild in the 

immediate future. 

Endangered (EN) Taxa facing a very high risk of extinction in the wild in the near future. 

Vulnerable (VU) 
Taxa facing a high risk of extinction in the wild in the medium-term 

future. 

Migratory (MG) 

Consists of species listed under the following International 

Conventions: 

Japan-Australia Migratory Bird Agreement (JAMBA) 

China-Australia Migratory Bird Agreement (CAMBA) 

Convention on the Conservation of Migratory Species of Wild animals 

(Bonn Convention) 

 

 

Biodiversity Conservation Act 2016 

Category Definition 

CR Rare or likely to become extinct, as critically endangered fauna. 

EN Rare or likely to become extinct, as endangered fauna. 

VU Rare or likely to become extinct, as vulnerable fauna. 

EX Being fauna that is presumed to be extinct. 

MI 
Birds that are subject to international agreements relating to the 

protection of migratory birds. 

CD  
Special conservation need being species dependent on ongoing 

conservation intervention. (Conservation Dependant) 

OS 
In need of special protection, otherwise than for the reasons pertaining to 

Schedule 1 through to Schedule 6 Fauna. (Other specially protected 

species 

 

 

Department of Biodiversity, Conservation and Attractions Priority codes 

Category Definition 

Priority 1 (P1) Taxa with few, poorly known populations on threatened lands. 

Priority 2 (P2) 
Taxa with few, poorly known populations on conservation lands; or taxa 

with several, poorly known populations not on conservation lands. 

Priority 3 (P3) 
Taxa with several, poorly known populations, some on conservation 

lands. 

Priority 4 (P4) 

Taxa in need of monitoring. Taxa which are considered to have been 

adequately surveyed, or for which sufficient knowledge is available, and 

which are considered not currently threatened or in need of special 

protection but could be if present circumstances change. 
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Appendix B: Default ANZECC & ARMCANZ (2000) water quality guidelines. 

 

Default trigger values for some physical and chemical stressors for tropical Australia for slightly disturbed 

ecosystems (TP = total phosphorus; FRP = filterable reactive phosphorus; TN = total nitrogen; NOx = total 

nitrates/nitrites; NH4+ = ammonium).  Data derived from trigger values supplied by Australian states and 

territories, for the Northern Territory and regions north of Carnarvon in the west and Rockhampton in the 

east (ANZECC & ARMCANZ, 2000).   

 Analyte 

Aquatic Ecosystem TP FRP TN NOx NH4
+ DO pH 

 mg/L mg/L mg/L mg/L mg/L % saturationf  

Upland Rivere 0.01 0.005 0.15 0.03 0.006 90-120 6.0-7.5 

Lowland Rivere 0.01 0.004 0.2-0.3h 0.01b 0.01 85-120 6.0-8.0 

Lakes & Reservoirs 0.01 0.005 0.35c 0.01b 0.01 90-120 6.0-8.0 

Wetlands3 0.01-0.05g 0.05-0.025g 0.35-1.2g 0.01 0.01 90b-120 b 6.0-8.0 

b = Northern Territory values are 0.005mg/L for NOx, and < 80 (lower limit) and >110% saturation (upper limit) for DO; 

c = this value represents turbid lakes only. Clear lakes have much lower values; 

e = no data available for tropical WA estuaries or rivers. A precautionary approach should be adopted when applying 

default trigger values to these systems; 

f = dissolved oxygen values were derived from daytime measurements. Dissolved oxygen concentrations may vary 

diurnally and with depth. Monitoring programs should assess this potential variability; 

g = higher values are indicative of tropical WA river pools; 

h = lower values from rivers draining rainforest catchments. 

 

 

 

Default trigger values for salinity and turbidity for the protection of aquatic ecosystems, applicable to 

tropical systems in Australia (ANZECC & ARMCANZ, 2000).   

Salinity  (µs/cm) Comments 

Aquatic Ecosystem   

Upland & lowland rivers 20-250 
Conductivity in upland streams will vary depending on catchment 

geology.  The first flush may result in temporarily high values 

Lakes, reservoirs & wetlands 90-900 Higher conductivities will occur during summer when water levels are 

reduced due to evaporation Turbidity  (NTU)  

Aquatic Ecosystem   

Upland & lowland rivers 2-15 Can depend on degree of catchment modification and seasonal 

rainfall runoff 

Lakes, reservoirs & wetlands 2-200 

Most deep lakes have low turbidity.  However, shallow lakes have 

higher turbidity naturally due to wind-induced re-suspension of 

sediments.  Wetlands vary greatly in turbidity depending on the 

general condition of the catchment, recent flow events and the water 

level in the wetland. 
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Guideline values (mg/L) for toxicants at alternative levels of protection. Values in grey shading are 
applicable to typical slightly-moderately disturbed systems (ANZECC & ARMCANZ, 2000). 

Analyte 
 Level of protection (% of species) 

 99% 95% 90% 80% 

Metals and metalloids          

Aluminium                         pH > 6.5  0.027 0.055 0.08 0.15 

Aluminium                         pH < 6.5  ID ID ID ID 

Arsenic (As III)  0.001 0.024 0.094C 0.36C 

Arsenic (AsV)  0.0008 0.013 0.042 0.14C 

Boron  0.09 0.37C 0.68C 1.3C 

Cadmium H 0.00006 0.0002 0.0004 0.0008C 

Chromium (Cr III) H ID ID ID ID 

Chromium (Cr IV)  0.00001 0.001C 0.006A 0.04A 

Cobalt   ID ID ID ID 

Copper H 0.001 0.0014 0.0018C 0.0025C 

Iron G ID ID ID ID 

Lead H 0.001 0.0034 0.0056 0.0094C 

Manganese  1.2 1.9C 2.5C 3.6C 

Mercury (inorganic) B 0.00006 0.0006 0.0019C 0.0054A 

Mercury (methyl)  ID ID ID ID 

Molybdenum  ID ID ID ID 

Nickel H 0.008 0.011 0.013 0.017C 

Selenium (Total) B 0.005 0.011 0.018 0.034 

Selenium (SeIV) B ID ID ID ID 

Uranium  ID ID ID ID 

Vanadium  ID ID ID ID 

Zinc H 0.0024 0.008C 0.015C 0.031C 

Non-metallic inorganics          

Ammonia D 0.32 0.9C 1.43A 2.3A 

Chlorine E 0.0004 0.003 0.006A 0.013A 

Nitrate J 1.0 2.4 3.8C 6.9A 

Notes:      

Where the final water quality guideline to be applied to a site is below the current analytical practical quantitation limits (see 
Section 3.4.3.3 for guidance). 

Most guideline values listed here for metals and metalloids are High Reliability figures, derived from field or chronic NOEC data 
(see 3.4.2.3). The exceptions are Moderate Reliability for freshwater aluminium (ph>6.5) and manganese. 

Most non-metallic inorganics are Moderate Reliability figures, derived from acute LC50 data (see section 3.4.2.3). The 
exception is High Reliability for freshwater ammonia. 

A = Figure may not protect key test species from acute toxicity (and chronic) - check Section 8.3.7 for spread of data and its 
significance, 'A' indicates that guideline value > acute toxicity figure; note that guideline value should be <1/3 of acute figure 
(Section 8.3.4.4). 

B = Chemicals for which possible bioaccumulation and secondary poisoning effects should be considered (see Sections 8.3.3.4 
and 8.3.5.7. 

C = Figure may not protect key test species from chronic toxicity (this refers to experimental chronic figures or geometric mean 
for species) - check Section 8.3.7 for spread of data and its significance. 

D = Ammonia as TOTAL ammonia as [NH3_N] at pH 8. For changes in trigger value with pH refer to Section 8.3.7.2.  

E = Chlorine as Total Chlorine, as [Cl]; see Section 8.3.7.2.  

F = Figures protect against toxicity and do not relate to eutrophication issues. Refer to Section 3.3 if eutrophication is a concern.  

G = There were insufficient data to derive a reliable guideline value for iron. The current Canadian guideline level is 0.3 mg/L 
which could be used as an interim working level. However, further data are required to establish a figure appropriate for 
Australian and New Zealand waters. 

H = Chemicals for which algorithms have been provided in table 3.4.3 to account for the effects of hardness. The values have 
been calculated using a hardness of 30 mg/L CaCO3. These should be adjusted to the site-specific hardness (see Section 
3.4.3). 

J = Figures relate to toxicity (not eutrophication). The ANZECC & ARMCANZ (2000) DGVs for nitrate have been found to be 
erroneous (ANZG, 2018). In the absence of updated values, ANZG (2018) suggest reference is made to current New Zealand 
nitrate toxicity guidelines, specifically the ‘Grading’ GVs published in the ‘Updating Nitrate Toxicity Effects on Freshwater 
Aquatic Species’ report (NIWA, 2013). These New Zealand Grading DGVs for N_NO3 are provided above. 
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Appendix C: Raw habitat data. 

Dry season 2019 

Sediment composition (%) 

 

Habitat cover (%) 
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Wet season 2020 

Sediment composition (%) 

 

 

Habitat cover (%) 
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Appendix D: Water quality results 

◼ Highlighted cells refer to values which are in excess of the 95% ANZECC DGV. 

Dry season 2019 
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Wet season 2020 
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Appendix E: All flora taxa recorded during the 2019 / 2020 Greater Paraburdoo aquatic survey. 

      Seven-Mile Creek Pirraburdu Creek Western Range Eastern Range Turee Creek 

Class/Order Family Lowest taxon 
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      D W D W D W D W D W D W D W D W D W D W D W D W D W D W D W D W D W D W D W D W 

CHLOROPHYTA                                                                                     

CHAROPHYCEAE                                                 

Charales Characeae Chara spp.↓       ✓ ✓      ✓ ✓         ✓               ✓                 ✓ ✓ ✓ ✓  ✓ ✓ ✓ 

PLANTAE                                                                                     

MAGNOLIOPSIDA                                                

Apiales Araliaceae Astrotricha hamptonii                                      ✓ ✓ ✓      ✓             

Asterales Asteraceae 
Centipeda minima subsp. 
macrocephala 

      
✓ 

   
✓ 

 
✓            

 
     

 
     

 
    

✓ 

    Pluchea dentex        ✓                                                   

   Pluchea rubelliflora^^                         
✓ ✓ 

                   

    *Sonchus oleraceus                                  ✓                                           

Brassicales Capparaceae Capparis spinosa subsp. nummularia                         
 

 
✓ ✓ 

         
 
    

 

  Cleomaceae Cleome viscosa       ✓ ✓       ✓ ✓           ✓ ✓ ✓ ✓     ✓ ✓                 

Caryophyllales Amaranthaceae *Aerva javanica                       
✓ ✓  

            
 
    

 

    Amaranthus undulatus                                                   ✓ ✓       

   Gomphrena cunninghamii                         
 

     
✓ ✓ ✓ ✓ 

  
 
    

 

  Caryophyllaceae Polycarpaea longiflora                                           ✓ ✓             

  Chenopodiaceae Dysphania ? kalpari      
✓ 

                  
 

     
 
     

 
    

 

  Plumbaginaceae Plumbago zeylanica                   ✓ ✓                                   

Fabales Fabaceae Acacia ampliceps^        
✓ ✓ 

    
✓ ✓ 

                      
✓ ✓ 

  
✓ ✓ 

    Acacia citrinoviridis             ✓ ✓                   ✓ ✓ ✓ ✓ ✓ ✓         ✓ ✓ ✓ ✓             ✓ ✓ 

   Acacia coriacea^              
 

 
✓ ✓ ✓ ✓ 

    
 

     
 
           

 

    Acacia coriacea subsp. pendens^             ✓ ✓                   ✓ ✓ ✓ ✓                                     

   Acacia sclerosperma subsp. 
sclerosperma 

             
 

                          
✓ ✓ ✓ ✓ 

    Acacia tetragonophylla                                     ✓ ✓             ✓ ✓             

   Petalostylis sp.      
✓ ✓ 

  
✓ ✓ 

  
 

         
 

                  
 

    Petalostylis labicheoides           ✓ ✓         ✓ ✓     ✓ ✓ ✓ ✓                                         

   Rhynchosia minima              
 

                     
✓ ✓         

    Senna glutinosa ? subsp. glutinosa                                           ✓ ✓                     

   Sesbania cannibina^          
✓ ✓ 

  
 

                               

    Tephrosia rosea                                  ✓                                     

   Tephrosia rosea var. Fortescue creeks                      
✓ ✓ 

         
 
             

    *Vachellia farnesiana             ✓ ✓                                                            

Gentianales Rubiaceae Psydrax latifolia                         
✓ ✓ 

                   

Lamiales Plantaginaceae Stemodia grossa^                                             ✓ ✓                                 

   Stemodia viscosa^^                         
✓ ✓ 

                   

  Scrophulariaceae Eremophila fraseri subsp. fraseri                                                                         ✓ ✓ 

   Eremophila sp.                         
✓ ✓ 

    
 
             

Malpighiales Euphorbiaceae Adriana tomentosa var. tomentosa                         ✓ ✓      ✓                                             

  Passifloraceae  *Passiflora foetida            
✓ ✓  

                               

Malvales  Malvaceae ?Corchorus sidoides                                                           ✓ ✓                 

Myrtales Lythraceae Ammannia baccifera^^ ✓ ✓ 
          

 
                               

  Myrtaceae Aluta quadrata (T)^^                                                   ✓ ✓                       

   Corymbia ferriticola                         
✓ ✓ 

    
✓ ✓ ✓ ✓ 

        
 

    Eucalyptus sp.^^   ✓ ✓             ✓ ✓                                     ✓ ✓     ✓ ✓         

   Eucalyptus camaldulensis^ ✓ ✓ 
  

✓ ✓ ✓ ✓ ✓ ✓ 
  

✓ ✓ ✓ ✓ ✓ ✓ 
                

✓ ✓    
✓ ✓ ✓ ✓ 

    Eucalyptus victrix^                                                             ✓ ✓         

   Melaleuca sp. ^^ ✓ ✓ 
                                         

 

    Melaleuca bracteata^                         ✓ ✓                                         ✓ ✓         

   Melaleuca glomerata^        
✓ ✓ 

           
✓ ✓ 

              
✓ ✓    

✓ ✓ 
   

Proteales Proteaceae Grevillea berryana                                               ✓ ✓       ✓ ✓                 

Rosales Moraceae Ficus brachypoda              
 

         
✓ ✓ ✓ ✓ 

  
✓ ✓ 

            

Solanales Convolvulaceae Duperreya commixta^                           ✓ ✓                                                 
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      Seven-Mile Creek Pirraburdu Creek Western Range Eastern Range Turee Creek 

Class/Order Family Lowest taxon 
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   Operculina aequisepala              
 

   
✓ ✓ 

  
✓ ✓                       

  Solanaceae *Datura leichhardtii                         ✓ ✓   ✓ ✓                                             

   *Datura leichhardtii subsp. leichhardtii        
✓ ✓ 

    
 

                               

    Nicotiana benthamiana                                       ✓                                   

   *Solanum nigrum        
✓ ✓ 

    
 

   
✓ ✓ 

                          

LILIOPSIDA                                                                                     

Alismatales  Hydrocharitaceae Najas marina↓            
✓ 

                                
✓  

    Najas tenuifolia↓                                              ✓ ✓                               

   Vallisneria annua↓        
✓ ✓ 

  
✓ 

  
✓ 

  
✓ ✓ ✓ 

       
✓ 

        
✓ ✓       

✓ 

  Potamogetonaceae Potamogeton tepperi↓              ✓  ✓      ✓  ✓                                       

   Potamogeton tricarinatus↓              
 

 
✓ 

                           
 

  Ruppiaceae Ruppia sp.↓                     ✓                                          

Arecales Arecaceae *Phoenix dactylifera              
 

                     
✓ ✓       

 

Poales Cyperaceae Cyperus difformis^                                                                  ✓ 

   Cyperus hesperius^              
 

             
✓ 

  
 ✓ 

          
 

    Cyperus ? vaginatus^                                           ✓ ✓                               

   Cyperus vaginatus^ ✓ ✓ ✓ ✓ 
  

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
            

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

    Schoenoplectus subulatus^         ✓ ✓             ✓ ✓ ✓ ✓ ✓ ✓                             ✓ ✓             

  Poaceae *Cenchrus ciliaris    
✓ ✓ ✓ ✓ 

      
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

  
✓ ✓        

✓ ✓ 
     

    Diplachne fusca                                                     ✓ ✓     

   Eriachne ? mucronata                         
✓ ✓ ✓ ✓ 

                 

Typhales Typhaceae Typha domingensis^ ✓ ✓ ✓ ✓         ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓                                           
  Taxa richness 5 5 4 5 7 8 11 10 7 9 6 6 12 11 10 9 11 14 8 8 6 7 14 15 6 6 4 4 5 7 8 8 10 10 6 6 5 6 8 10 
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Appendix F: Hyporheos fauna taxonomic list. .  

Values are log abundances (i.e. 1=1 individual, 2 = 2-10, 3 = 11-100, 4 = 101-1000). 

*Indicates stygobitic and permanent hyporheos stygophile species 

Dry season 2019 
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Wet season 2020 
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Appendix G: Macroinvertebrate fauna taxonomic list.  

Values are log abundances (i.e. 1=1 individual, 2 = 2-10, 3 = 11-100, 4 = 101-1000). 

Dry season 2019 
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Wet season 2020 
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