% biologice

Ministers North:

Yandicoogina Creek Aquatic Ecosystem

Surveys




Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

DOCUMENT STATUS
Version N Review / Approved for | Approved for Issue to
No: Issue Name Date
i. IID\IE;S;;/ J. Delaney .
1 S. Rodman I\B/I l;:L:Jrrrr::t S. Wild (BHP) 05/06/2020
A. Riemer '
2 J. Delaney J. Delaney S. Wild (BHP) 15/09/2020
3 J. Delaney J. Delaney S. Wild (BHP) 03/11/2020
Final J. Delaney B. Durrant S. Wild (BHP) 27/11/2020

3,03257$17 127(°

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
Rl %LRORJLF (QYLURQPHQWDO 6XUYH\ 3W\ /WG 3%LROR JIicF”’ $00 HQTXLULHV VKRXOG

We have prepared this report for the sole purposes of BHP West Australia lron Ore 3&OLH{RW WKH VSHFLILF SXUSRVH
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
provided to us by the Client or as a result of a specific request or enquiry were complete, accurate and up to date.
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 Clien W  37KLUG
3DUW\’ 7KH UHSRUW P RienQifRoimaEiehQ@ontimeLpQrpbiskd bE a Third Party or for other uses. Without

the prior written consent of Biologic:
a) This report may not be relied on by a Third Party; and

b) Biologic will not be liable to a Third Party for any loss, damage, liability or claim arising out of or incidental to

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
rectify any harm, loss of opportunity, legal costs, compensation, interest and any other direct, indirect, consequential

or financial or other loss.

Page 2 of 113



Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

TABLE OF CONTENTS

LTI @ 3SR TP 7
EXECUTIVE SUMMARY ..ottt ittt ettt e sttt e st e e e stta e e e ataaeaesnsaaeaesnssaeaesnssseeesnssaeeesansneeens 8
1. INTRODUCTION ..ottt ittt ettt sttt s st e e st e e s s st e e s ess e e e e esbeeeeenbaeeeenntaeeeennsees 13
1.1 Background and ODJECHIVES .........eeiiiiiiiiiiiiiee ettt 13
1.2 Legislation and gUIdANCE ..........ueeieeeiiiiiiiiieiee e e e s r e e e e e s s sanren e e e e e e e s nnnenes 13

2 ENVIRONMENT ..ottt sttt ettt e e sttt e e e snb e e e e snbe e e e e snbee e e e anbaeeeennres 16
% N =Yoo [=To o = o] 0|0 SRR 16
2 o Yo [ ] oo | PR 16
2.3 Groundwater Dependent ECOSYSIEMS ......cccuuiiiiiiiiie ittt 17
S O [ 4= (= SRR 19

I | I o 10 ] 0 RS PRR 20
3.1 DESKIOP GSSESSIMENT . ....eiiiiiiiiieiitiit ettt ettt ettt e s e e e e e ab e e e e nbe e e e e aneas 20
3.11 Database SEAICNES ........coii i 20
3.1.2 LItEratUre FEVIBW .......eeeiieiieeeii ittt ettt e et e e e e s ee s 20

3.2 FHEIA SUIVEY ... s 22
3.2.1 SUNVEY TBAIM Lttt et e e et e e et e e e e et r e s e e e e eesbabnneeaaees 22
3.2.2  Survey timing and Weather ... 23
3.2.3  SAMPING SIS e ittt 25
3.2 4 WAL QUAILY ...eeeeiiiiie ettt e 28
3.25 [ = 11 = S 29
3.2.6  Wetland flora.........ueeiiiiioie e 29
3.2.7 Zooplankton (microinvertebrate fauna)................eevvvveieiiiiiiiiiiiiiiieeeeeeens 30
3.2.8 HYPOrheos fauna........ccoooeiee e 30
3.29 = T o 1 g A=Y 4 (= o = LSS 31
0 O T = o SRS 32
3.2.11  Other aqUALC FAUNA .......veiiiiiiiiee e 33

3.3 DAL ANAIYSIS..ciiiueeeiieiiiiee e 33
TR I A V= 11T g U= 111 YO TT ORI 33
3.3.2 INVEIEDIALES .. ...t a e e 35
TG TR T ] o SRR 36

N S| U ] I 1 RO PRRUPPRE 37
4.1  Database SEAICHES ........uuiiiiii et a e 37
A W 1 1= - Y (0= =V = PR 41
4.3 Habitat ASSESSIMENT ... ..uuiiiiiiie it e e s e e e s e e e e e e e s s s e e e e e e e s nnnrnrarraaaeaen 45
VY= (=T o (U= 11 Y PP TPPP 49
44.1 T IR U PP 49
4.4.2 [ONIC COMPOSITION ...eiiiieeiiiiee et ee e e e 50
4.4.3 N[0 1= 0 TSP PUTTTU PO 50
4.4.4 DiSSOIVEA MELAIS ... . 52

A5 WELIAN FIOT@. ..o 53

Page 3 of 113



Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

451  Taxa composition and MCNNESS ..........coiiiiiiiiiiiie e 53
4.5.2  Conservation significant flora..........coooiiiiiiiiii e 57
453 INtrOAUCEA flOTaA ......veiee e 57
4.5.4  Flora comparison with previous StUdI€S.............ccccuuvireieeeiisiiiiiie e 57

I o Yo o] = o1 14 (o] o PSP 58
4.6.1 Taxa composition and MChNESS ..o 58
4.6.2  Conservation significant zooplankion taXa .............ccceeeiiiieeeiiiiee e 59
4.6.3  Zooplankton comparison with previous StUdIES ..........ccooiiiieiiiiieeniiiiee e 59

A7 HYPOINEOS FAUNA .....ciiiiiiiiii et 60
4.7.1  Taxa composition and MCNNESS .........cooiiiiiiiiiiiiee e 60
4.7.2 Conservation significant hyporheos taxa..........cccccceevieiii 62

4.8  MaCIrOINVEIEDIAtES ........eiiiiiiiei e a e 64
4.8.1 Taxa composition and FCNNESS .........vvviiiiiiiiiiieieeeeeeeeeeeeeee e 64
4.8.2 Conservation significant macroinvertebrate taxa..............cccccceeeiiiii. 66
4.8.3 Introduced macroinvVertebrate taxa ..........uuvvveeviiciiiiiiee e 67
484 Macroinvertebrate comparison with other studies .........cccccovviiiiieiie i, 67

A9 CrayfiSN .o e 69
4.10 [ TS o [ 70
4.10.1 Species composition and MCANESS .........coiiiiiiiiiiii 70
4.10.2  ADUNGANCE ...coi ittt et e e e e et e e e e e e as 70
4.10.3 Conservation significant fish SPECIES........c.cccoeeiiiiiiiiiiii 71
4.10.4 Length-frequency analySiS.........cooi it 72
411 Other vertebrate falna ..........ccuvviiiiie e 74

LT B 1151 0411511 [ ] N P 76
5.1 Habitat @SSESSMENT......uuiiiiieeii it e e s r e e e e e s e e e e e e e st e e e e e e e e snnrnraeeeaaeeean 76
5.2 WaALEr QUAIILY ..uueeiiiiiiiiii s 76
5.3 WELIANA FIOMA ..cciiiiiiiieeee ettt e e e e 77
5.4 ZOOPIANKLION ...uuiiiiiiiiiiii s 78
5.5 HYPOrNEOS fAUN@......ueiiiiiii s 78
I I IV o Tl {0 V=T (T o - = SRR 79
B.7  CrayfiSh .o 80
5.8 T o [PPSO PPPPUPPPPPPPPPRt 81

B CONCLUSION ...ttt ettt e e e e e e e et e e e et e e e e et e e e e e satae e e e antaeaeaanses 82
6.1  Water quality and habitats..............eeiiiiiiii e 82
6.2 WELIANA FIOMA ...coi ittt e e e ee e e e 83
6.3 AQUALIC FAUNG ...ccieiiiieiieiie ettt e e e e e bbb e e e e eaaa e as 83
6.4 FiINAI TEMAIKS ..cooiiiii et a e 85

T REFERENCES. . ... ittt e e et e e e e e e et s e e e e e e aaaa s 87
APPENDICES ... ettt ettt e e ettt e e sttt e e st et e e e e bt e e e e e bbe e e e abee e e e araeeeeane 95

LIST OF FIGURES

Figure 1.1: Study Area and regional l0CatioN. ..........cccuvuiriieeiii i 15

Page 4 of 113



Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

Figure 2.1: Surface drainage of the Study Area and SUrrOUNAS. ...........ccoviiieiiiiieeeniiiee e, 18
Figure 3.1: Previous aquatic surveys conducted in the area. ...........ccocevviiiieiniiiii e, 21
Figure 3.2: Total rainfall and long-term average monthly rainfall (mm) recorded from the
Newman BoM gauging station in the year preceding the Yandicoogina Creek aquatic
surveys. Orange bars indicate dry and wet season survey timing. ............ccccveeeeeennn. 23
Figure 3.3: Monthly streamflow data for the DWER Flat Rocks Station on Marillana Creek,
including monthly totals between Dec-18 and April-20 and long-term averages (1969-
Lo B[ 7= 01 PR TS TP PP PP P PPPRROPPPPN 24
Figure 3.4: Annual rainfall (mm) and streamflow (ML) at the DWER Flat Rocks GS on Marillana
L 1= PRSP 25
Figure 3.5: Locations of aquatic ecosystem sampling Sites. .........ccccoeeiiiii, 27
Figure 4.1: Electrical conductivity (EC; uS/cm) recorded from all sites in comparison to the
ANZECC & ARMCANZ (2000) DGV and point of ecological stress...........c.ccccveeennee. 49
Figure 4.2: Ammonia (N_NHszs; left) and nitrate (N_NOs; right) concentrations recorded from
each site (mg/L), in comparison to default ANZECC & ARMCANZ (2000) 99% toxicity
GVs. NB: y-axis scales are different for each analyte. ....................ccol 51
Figure 4.3: Nitrogen oxide (N_NOx; left) and total nitrogen (TN; right) concentrations recorded
from each site (mg/L), in comparison to ANZECC & ARMCANZ (2000) eutrophication
DGVs. NB: y-axis scales are different for each analyte. ..........cccccoviieeiiieiiiniieenns 52
Figure 4.4. Total phosphorus (TP) concentrations recorded from each site (mg/L), in
comparison to the eutrophication DGV. .........cooiiiiiiiiiiiiiiiie e 52
Figure 4.5: Concentrations of selected dissolved metals recorded from each site, in comparison
to ANZECC DGVs, including dB, dCu, dCr and dFe. NB: y-axis scales are different for
each analyte. .....cooviiiii 53
Figure 4.6: Macrophyte (emergent and submerged) richness recorded during in the current

study (dry and wet seasons combined), in comparison to the PBS from Weeli Wolli

Spring (September 2003 and May 2005; Mike Lyons, unpub. data)...........c..cccceee..... 58
Figure 4.7: Zooplankton taxa richness recorded from each site in the dry-19 (left) and wet-20
(L1 PP TPPRPPPPRPN 59

Figure 4.8: Average zooplankton taxa richness (+ se) recorded from Yandicoogina Creek, in
comparison to other studies and nearby creek systems, in both seasons................. 60
Figure 4.9: Classification of invertebrate taxa recorded from the hyporheic zone, in each
ST CTo ] o] 1RSSR PP PP PPPPPPPPPPPPPPN 62
Figure 4.10: Macroinvertebrate taxa richness recorded from each site, in each season........ 65
Figure 4.11: Number of Pilbara endemic macroinvertebrate taxa recorded from each site in
BACKH SBASON. ... 66
Figure 4.12: Average macroinvertebrate taxa richness (+ se) recorded from Yandicoogina
Creek, in comparison to other studies and nearby creek systems, in both seasons. 68

Figure 4.13: nMDS of macroinvertebrate assemblages recorded during the current study, with

data from previous studies included. Samples are identified by creek. .................... 69
Figure 4.14: Abundance of each freshwater fish species recorded from each site. ............... 71
Figure 4.15. Length-frequency analysis for western rainbowfish. ...........ccccocceei e, 73

Page 5 of 113



Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

Figure 4.16: Length frequency analysis for spangled perch. ........cccccooeiiiiiiiiiii e, 73
Figure 4.17: Length frequency analysis for Pilbara tandan. ...........cccccoceiiiiiiinii e, 74

LIST OF TABLE S

Table 3.1: Databases searched for the review of previous records .........ccccceevvviviiveeeeeeeiininnns 20
Table 3.2: Literature sources used for the reVIEW. ..........covviiieiiiiiiee e 22
Table 3.3: Site locations, indicating site type and sampling effort. NB: D refers to dry season
sampling (dry-19) and W refers to wet season sampling (wet-20). WQ = water quality,
Zoop = zooplankton, Macro = macroinvertebrates and Hypo = hyporheic fauna. ..... 26
Table 3.4: Standard lengths used for each age class for each species recorded. ................. 36
Table 4.1: Aquatic fauna recorded within 50 km of the Study Area. ..........ccccceeiviiieiiiieeeens 37
Table 4.2: Endemic and conservation significant aquatic fauna recorded within 50 km of the
StUAY ATCA ..o 37
Table 4.3: Information relating to sites sampled, sampling occasions and ecological
components surveyed during previous aquatic surveys undertaken within 50 km of the
1100 | Y (=T TS O PSP PP P PPPRR PP 39
Table 4.4: Results of previous aquatic surveys conducted in the vicinity of the Study Area. . 44
Table 4.5: Summary of aquatic habitats sampled, including site photos. ..........cccccevviiieeenns 46
Table 4.6: Flora taxa recorded during the current Study. .........c.coovueeiiiiiiee e 55
Table 6.1: Conservation significant taxa recorded from Yandicoogina Creek during the current

ST U ] Y7 PR UUP P PP PSPPI 84

Page 6 of 113



Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

GLOSSARY

ALA
BOM
DBCA
DO
DoEE
DPawW
DPIRD
DRF
EC
EPA
EPBC Act
FFG
GDE
GDV
GV
IUCN
PBS
PEC
SRE
SSGV

WAM

Atlas of Living Australia

Bureau of Meteorology

Department of Biodiversity, Conservation and Attractions
Dissolved oxygen

Department of Environment and Energy

Department of Parks and Wildlife

Department of Primary Industry and Regional Development
Declared Rare Flora

Electrical conductivity

Western Australian Environmental Protection Authority
Environment Protection and Biodiversity Conservation Act 1999
Functional feeding group

Groundwater dependent ecosystem

Groundwater dependent vegetation

Guideline value

International Union for the Conservation of Nature

Pilbara Biological Survey

Priority Ecological Communities

Short-range endemic

Site-specific guideline value

Western Australian Museum

Page 7 of 113



Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

EXECUTIVE SUMMARY

Biologic Environmental Survey (Biologic) was commissioned by BHP Western Australia Iron
Ore (WAIQO) to undertake a two-season baseline aquatic ecosystem survey of Yandicoogina
Creek (hereafter referred to as the Study Area), located within the Upper Fortescue River
Catchment and the Weeli Wolli/Marillana sub-catchment. Perennial and semi-permanent pools
were identified within a three km stretch of Yandicoogina Creek through a desktop assessment
and reconnaissance survey. This three km reach became the focus of this study and is hereafter

referred to as the Survey Area.

Aquatic ecosystem surveys were undertaken at eight sites, four within the Survey Area, and
four reference sites located outside the Survey Area. Sampling was undertaken in October
2019 (dry-19 survey) and April 2020 (wet-20 survey). Ecosystem surveys included habitat
assessments and sampling of water quality, wetland flora (submerged and emergent
macrophytes), zooplankton, hyporheos, macroinvertebrates and fish. In the wet season, five
additional hyporheic samples were collected within the Survey Area to gain a better

understanding of the distribution of the stygal species collected during the dry-19.

The Survey Area occurs within an open to closed Eucalyptus camaldulensis and Melaleuca
argentea woodland over Acacia tumida var. pilbarensis shrubland, with reeds and sedges (e.g.
Cyperus vaginatus, Schoenoplectus subulatus and Typha domingensis) along the waterline
(Biologic, 2020a). Typha domingensis was particularly dense in some parts of the Survey Area,
including sites YC1, YC2 and YC3. Submerged macrophytes included Chara spp., Vallisneria
nana and Ruppia spp. The presence of groundwater dependent vegetation (GDV) species (i.e.
Melaleuca argentea and Eucalyptus camaldulensis) indicate the Survey Area qualifies as a

Groundwater Dependent Ecosystem (GDE).

Water quality within Yandicoogina Creek was generally good and characterised by fresh, clear
waters, with low dissolved oxygen saturation, neutral pH, and generally low nitrogen nutrient
and dissolved metals concentrations. While water quality was generally within default ANZECC
& ARMCANZ (2000) guidelines (DGVs) for the protection of lowland river systems of tropical

north Australia, there were some exceedances. These included:

x DO zYC2 (both seasons) and YC4 (wet-20) recorded insufficient DO, below the lower
default GV and below the limit of ecological stress (i.e. < 30%).

x N_NOx %YC1 and YC2 recorded nitrogen oxide concentrations in excess of the
eutrophication DGV in the dry-19. Elevated N_NOXx was also recorded from reference
sites in the dry-19 (MUNJS) and wet-20 (WWS, MUNJS and SS).

x Total N + YC2 (dry-19) and YC3 (wet-20) recorded total N in excess of the
eutrophication DGV. While total N also exceeded DGVs at reference sites (WM and
MUNJS), the concentration recorded from YC2 in the dry-19 was particularly high,
exceeding the eutrophication DGV by more than seven times.

X Total P twas high and exceeded the eutrophication DGV at all Yandicoogina Creek

and reference sites. Concentrations from YC2 were notably high.
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x dB xthe 99% toxicity DGV was exceeded at all sites except WM. Elevated dB is
commonly reported in surface waters of the Pilbara.

x dFe £YC2 (dry-19) exceeded the interim indicative working level provided in the
ANECC/ARMCANZ (2000) guidelines.

Several water quality characteristics confirmed the connection with groundwater, including ionic
composition dominated by calcium cations and hydrogen carbonate anions, as well as a lack
of seasonal variation in electrical conductivity (EC). In contrast, ephemeral waters and creek
pools generally display large seasonal variations in EC due to waters receding over the dry

season and the evapo-concentration of ions.

A diverse range of aquatic fauna was recorded across the Survey Area, including 250
invertebrate taxa and three freshwater fish species. Two sites within Yandicoogina Creek (YC3
and YC4) are considered to be of high ecological value. These sites generally recorded high
macroinvertebrate diversity, high richness of hyporheos fauna, and high Pilbara endemic taxa

richness.

Seasonal variation in zooplankton richness was high, particularly at YC3 and reference site
WWS. At YC3, zooplankton richness increased in the wet season, indicating that flooding may
have prompted emergence and/or taxa had been flushed into the Survey Area from upstream.
At WWS, flooding associated with wet season cyclonic rainfall in January 2020 likely flushed
zooplankton taxa downstream, with the population yet to fully re-establish. All zooplankton taxa
recorded are widely distributed and none are of conservation significance. The zooplankton

taxa richness in the Survey Area was similar to previous studies of nearby creeklines.

Hyporheic samples were successfully collected from all sites except YC1 in the dry-19, due to
the particularly dense Typha stands which obstructed access. Of the 108 invertebrate taxa
recorded from hyporheic zones across the Survey Area, 13% are directly dependent on
groundwater for their persistence (12% stygobites and 1% permanent hyporheos stygophiles).
The percentage of stygobitic taxa recorded was considerably greater than that reported
previously for Pilbara hyporheic zones (i.e. only 5% stygobitic fauna recorded in Halse et al.

2002), further highlighting the strong groundwater connection across the Survey Area.

Several Potential Short-Range Endemic (SRE) species were recorded from the hyporheos of

Yandicoogina Creek (all stygal), including:

X The ostracod Meridiescandona facies (YC1 and YC9H) - known from Weeli Wolli
Creek and the central and eastern Fortescue (and now Yandicoogina Creek).

X The ostracod Gomphodella yandii (YC7H) +known only from Weeli Wolli Creek,
Marillana Creek, and now Yandicoogina Creek.

X The ostracod Gomphodella alexanderi (YC7H and YC8H) - known only from Marillana
Creek, groundwater bores at Yandi, and now Yandicoogina Creek.

X The amphipod Chydaekata sp. ‘E* (YC3, YC5H, YC7H, YC9H, and reference site
WWS) - previously known and appears to be restricted to Marillana Creek, Upper

Weeli Wolli Creek, and now Yandicoogina Creek.
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X The amphipod Paramelitidae “sp. Biologic-AMPH023" (YC1, YC3, YC5H, and YC9H)
xpreviously known only from Marillana Creek.

X The isopod Pygolabis weeliwolli (YC3, YC4, YC5H, YC7H, and YC9H) tknown only
from Weeli Wolli Creek, Marillana Creek, Yandicoogina Creek (now), and bores within
the Yandicoogina tenement.

X The syncarid Bathynellidae sp. BES7547 (YC9H) +new, undescribed genus, currently

known only from the Survey Area.

Macroinvertebrate richness was generally high, especially at YC4 (72 taxa recorded in the dry-
19) and some reference sites (i.e. SS and WWS). YC2 consistently recorded the lowest
richness, which may have reflected difficulties associated with sampling. There was a high
density of Typha throughout the site, with little open water and limited space with which to kick-

sweep sample effectively.

Macroinvertebrate richness was compared statistically to previous aquatic surveys undertaken
in the area. Overall, there was a significant difference in macroinvertebrate richness between
creeks, but not between seasons. Richness recorded from Yandicoogina Creek was found to
be statistically similar to Weeli Wolli Creek and Marillana Creek, but significantly lower than
Weeli Wolli Spring. It is important to note that this analysis was influenced by the lower richness
recorded from YC1 and YC2, which was likely a reflection of difficulties associated with
sampling these sites. Individual site richness recorded from YC4 (67 taxa in the dry-191) was
actually similar to site richness recorded from Weeli Wolli Spring in this (64 taxa in the dry-19)
and past surveys (i.e. 67 taxa recorded from BENS in the wet-14, and 69 taxa recorded from
WWS in the wet-05). Multivariate analyses on the same dataset (current and previous surveys)
found that Yandicoogina Creek macroinvertebrate assemblages were most similar to other
spring sites, such as Munjina Spring, Weeli Wolli Spring and Skull Springs. This indicates a

greater affinity with springs, rather than creek pools.

While most aquatic macroinvertebrates recorded from the Survey Area were common,

ubiquitous species, several species were of conservation significance, including:

x the Pilbara pin damselfly Eurysticta coolawanyah (YC4 and a reference site BENS) -
Vulnerable on the IUCN Redlist.

x the Pilbara emerald, Hemicordulia koomina (YC4 and a reference site BENS) -
Vulnerable on the IUCN Redlist.

X the stygal Potential SRE amphipod Chydaekata sp. "E. (surface waters of YC3 and
YC4, and reference site WWS) - known only from Yandicoogina Creek, Marillana
Creek, and Upper Weeli Wolli Creek.

1 The richness reported for the Survey Area in comparisons with previous studies was different to that
reported for the study alone. This was the result of amalgamating datasets across years and between
different samplers. Taxonomy has improved for several groups since some of the previous surveys were
undertaken (i.e. the Pilbara Biological Survey), and some samplers did not identify macroinvertebrates to
the same level of resolution as the current study. Therefore, taxonomy had to be aligned between the
previous studies and this current project, prior to undertaking statistical analysis.
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All freshwater fish species likely to populate the Survey Area were recorded, including the
western rainbowfish Melanotaenia australis (Melanotaeniidae), Pilbara tandan Neosilurus sp.
(Plotosidae), and spangled perch Leiopotherapon unicolor (Terapontidae). Although the Pilbara
tandan is endemic to the Pilbara region, none of these species are of conservation significance
and all are common and ubiquitous across the Pilbara. No introduced species were recorded.
Greatest fish abundances were recorded in the wet season, following cyclonic rains and
flooding throughout these creeklines. The presence of western rainbowfish new recruits and
juveniles within Yandicoogina Creek suggests good levels of breeding and recruitment within

the Survey Area. Spangled perch breeding and recruitment was also evident at YC1.

Overall, Yandicoogina Creek was found to support a GDE of high ecological value,
characterised by mature stands of the obligate phreatophyte Melaleuca argentea and
facultative phreatophyte Eucalyptus camaldulensis, with no obvious signs of canopy decline. A
diversity of other mesic species also occur in close association with the creek, such as Cyperus
vaginatus, Schoenoplectus subulatus and Typha domingensis. The presence of the
aforementioned phreatophytic species suggests groundwater is persistently at or just below the
surface. This is further supported by the presence of numerous permanent and semi-permanent
pools and riffle sequences, which occur along the length of the Survey Area. These pools
provide important habitat for aquatic fauna and a resource for terrestrial invertebrate and
vertebrate species. The current study found that four of these pools support; aquatic
invertebrates with restricted distributions that would be classified as potential SREs (i.e.
Chydaekata sp. E, immature or damaged Paramelitidae sp.); a high diversity of Pilbara endemic
aquatic invertebrate taxa; IUCN conservation listed species (Eurysticta coolawanyah and
Hemicordulia koomina); and three species of freshwater fish. Additionally, hyporheic zones
within the Survey Area supported Potential SREs, including Chydaekata sp. E, Paramelitidae
“sp. Biologic-AMPHO023", Pygolabis weeliwolli, Meridiescandona facies, Gomphodella yandii,
Gomphodella alexanderi, and Bathynellidae sp. BES7547. These important ecological values
are supported by the high in-stream habitat diversity and heterogeneity characteristic of the

system, as well as the strong connection to groundwater in this area.

Due to the aridity of the Pilbara, rivers of the region tend to be ephemeral. As such, permanent
water sources in the region are relatively scarce and restricted to springs and permanent pools.
This highlights the importance of the Survey Area in the broader Pilbara region. One permanent
pool in the Survey Area (YC4), was found to support a notably high diversity of aquatic
invertebrates, comparable to the Weeli Wolli Spring Priority Ecological Community (PEC) and
Skull Springs. Permanent springs in shaded gorges and river beds support a suite of mesic-

adapted species that are otherwise rare in the region.

For riverine pools to be termed GDEs they must have demonstrated long-term connectivity to
the groundwater and be maintained by groundwater discharge during drought periods. GDEs
are those parts of the environment, the species composition, and natural ecological processes
that are dependent on the permanent or temporary presence or influence of groundwater
(Murray et al.,, 2003). A number of physical and ecological elements highlight the close

connection to groundwaters within the Survey Area. These include:

Page 11 of 113



Ministers North: Yandicoogina Creek Aquatic Ecosystem Surveys

x the presence of GDVs such as Melaleuca argentea and Eucalyptus camaldulensis;

x the relatively stable surface water levels between seasons (despite the dry-19
following on from a particularly dry period and the high flood event which occurred
prior to the wet 2020 survey);

X stable electrical conductivity in surface waters between seasons, with little evidence
of evapoconcentration effects associated with pool drying in the dry season;

X ionic composition dominated by calcium carbonate, similar to other spring systems of
the Pilbara;

x the presence of stygofauna throughout the hyporheic zone and in surface water pools;
and

X the macroinvertebrate assemblages having a greater affinity with other spring
assemblages, rather than creek pools (determined through multivariate analysis with
the PBS data).

As such, the stretch of Yandicoogina Creek encompassing the Survey Area should be

considered an aquatic GDE that holds considerable importance in the region.
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1. INTRODUCTION

Biologic Environmental Survey (Biologic) was commissioned by BHP Western Australia Iron
Ore (WAIO) to undertake a two-season baseline aquatic ecosystem survey of Yandicoogina
Creek (hereafter referred to as the Study Area; Figure 2.1) located in the Ministers North area.
Yandicoogina Creek is a major tributary of Marillana Creek, which flows into Weeli Wolli Creek,
approximately 25 km upstream of the Fortescue Marsh. Yandicoogina Creek supports a
potential groundwater dependent ecosystem (GDE), characterised by extensive closed
Melaleuca argentea forest, with Eucalyptus camaldulensis over Acacia tumida var. pilbarensis
shrubland, and reeds and sedges (e.g. Cyperus vaginatus, Schoenoplectus subulatus and
Typha domingensis) along the waterline. The Study Area is located between the BHP WAIO
Mining Area C (MAC) operation to the southwest and BHP WAIO Yandi operation to the north,

within the Pilbara bioregion of Western Australia.

The overarching objective of the Level 2 (EPA, 2016a) survey was to identify the aquatic fauna
found in perennial and semi-permanent pools along the creekline, and to determine the
associated ecological values of aquatic fauna and habitats that may need to be considered

during any future environmental approvals across the Study Area.
The specific scope of works included:

X A desktop assessment, including a review of previous biological surveys and
government and non-government databases;

X ldentification of perennial and semi-permanent pools along Yandicoogina Creek
through a desktop assessment and reconnaissance survey;

X Undertaking a baseline aquatic survey, including identification and sampling of suitable
reference sites; and

x ldentification of any significant ecological values related to aquatic fauna and their
habitats within the Study Area.

The survey was carried out in accordance with the Western Australian Environmental
Protection Authority (EPA) and BHP WAIO guidelines. There is currently (as at November
2020) no technical guidance applicable to the Inland Waters Environmental Factor; however,

this survey was carried out in a manner consistent with the following:

x Environmental Factor Guideline, Inland Waters (EPA, 2018);

x Technical Guidance, Terrestrial Fauna Surveys (EPA, 2016a);

x Technical Guidance, Sampling of Short-Range Endemic Invertebrate Fauna (EPA,
2016b);

X Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC
& ARMCANZ, 2000; ANZG, 2018);
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x  Similar surveys, including the Pilbara Biological Survey (Pinder et al., 2010) and
National Monitoring River Health Initiative (MRHI; Choy & Thompson, 1995);

X %+3 :$,2TV LRORJLFDO 6 XR¢quieamei8<(8PRDEN-EMB/@5) (BHP,
2018); and

X %+3 :$,2A0atic Fauna Assessment Methods Procedure (0098594) (BHP, 2017).
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2 ENVIRONMENT

The Study Area falls within the Pilbara biogeographical region as defined by the Interim
Biogeographic Regionalisation of Australia (IBRA) (Thackway & Cresswell, 1995). The Pilbara
bioregion is characterised by vast coastal plains and inland mountain ranges with cliffs and
deep gorges (Thackway & Cresswell, 1995). Vegetation is predominantly mulga low woodlands
or snappy gum over bunch and hummock grasses (Bastin, 2008). Within the Pilbara bioregion

there are four subregions: Hamersley, Chichester, Roebourne and Fortescue Plains.

The Study Area lies within the Hamersley subregion which contains 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, 2001). 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.
Drainage is into the Fortescue River to the north, the Ashburton River to the south, or the Robe
River to the west (Kendrick, 2001).

The Study Area is located within the Upper Fortescue River Catchment and the Weeli
Wolli/Marillana sub-catchment. Several ephemeral creeklines traverse the Ministers North
area, including Marillana, Lamb, Herbert and Yandicoogina creeks. Yandicoogina Creek is
approximately 42 km in length and flows north-east into Marillana Creek (Figure 2.1). The upper
reaches of Yandicoogina Creek comprise a relatively broad, un-defined channel, however, in
the mid to lower reaches, the creek flows through a gorge system and becomes well defined.
It is through this section that the groundwater appears to intercept the surface, forming a series
of seeps and pools that extend for approximately 3 km. Of note is one particularly deep pool
(YC4). This pool is likely permanent and maintained partially by aspect and low evaporation
(located against a cliff face), as well as groundwater inflow. Yandicoogina Creek meets
Marillana Creek approximately 9 km downstream of this pool, where it flows eastwards for 7

km before draining into Weeli Wolli Creek.

Weeli Wolli Creek is approximately 70 km in length and has a catchment area of 4,100 km?. It
flows to the north, where it drains into the Fortescue River via the ecologically significant
Fortescue Marsh (Figure 2.1). The two systems are only connected during flooding associated
with intense cyclonic events (Kendrick, 2001). The Marsh is approximately 40 km downstream,
and to the north, of Yandicoogina Creek (Figure 2.1). The Fortescue Marsh is a wetland system
of national importance under the Directory of Important Wetlands in Australia (Environment
Australia, 2001). Itis D 3JRRG H[DPSOH RI DQ H[WHQVLYH LQODQG IORRGS!
iregularO\ LOQOXQGDWHG" DQG LV D 3XQLWestd UAH S ) ODQED ODRGIRUNLULRQPF
Australia, 2001). The Fortescue Marsh extends east from Goodiaderrie Hills and comprises

lakes, marshes, and pools along the floodplain in the middle reaches of the Fortescue River,
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and includes Powellinna Pool, Gnalka Gnoona Pool, Gidyea Pool, Chaddelinna Pool,
Mungthannannie, Cook Pool and Moorimoordinia Pools (Environment Australia, 2001). Current
and potential threats to the Fortescue Marsh include changes to hydrology, overgrazing by

cattle, and pollution of surface inflow water from mine sites (Environment Australia, 2001).

Groundwater-Dependent Ecosystems (or GDES) are ecosystems that rely on groundwater for
their continued existence (BoM, 2020) *'(fV FDQ EH UHSUHVHQWHG
assemblages of biota which rely on groundwater, and as a result come in many forms. For
terrestrial ecosystems there are three key types of GDE;

1. Agquatic ecosystems; that rely on the surface expression of groundwater zthis includes
surface water ecosystems which may have a groundwater component, such as rivers,
wetlands and springs.

2. Terrestrial ecosystems; that rely on the subsurface presence of groundwater dthis
includes all vegetation ecosystems or Groundwater Dependent Vegetation (GDV).

3. Subterranean ecosystems; this includes cave and aquifer ecosystems (BoM, 2020).

Above- JUR X QG W H U U H \éeWpichlly Ehara¢teisdd bl the presence of flora species that
rely on groundwater (i.e. phreatophytes). Phreatophytes may be classified as either obligate or

facultative phreatophytes depending on their reliance on groundwater:

x Obligate phreatophytes are flora species confined to habitats with access to
groundwater.

X Facultative phreatophytes are flora species that can utilise groundwater to satisfy a
proportion of their ecological water requirement (EWR) when it is available. However,
some individuals may also satisfy their EWR by relying solely on uptake from upper

unsaturated soils layers where groundwater is inaccessible (Eamus et al., 2016).

A national dataset of Australian GDEs was developed by the Bureau of Meteorology (BoM) to
inform groundwater planning and management (BoM, 2020). This dataset is referred to as the
Groundwater Dependent Ecosystems Atlas (GDE Atlas), and is the first and only national
inventory of GDEs in Australia. The GDE Atlas contains information about the three key types
of ecosystems described above (Aquatic; Terrestrial; and Subterranean). Importantly, the GDE
Atlas also includes the national inflow-dependent landscapes layer which is derived from
remotely sensed data. This layer indicates the likelihood that a landscape is accessing water in
addition to rainfall (such as soil moisture, surface water or groundwater), and generally

represents a potential GDE dataset for all areas not yet studied or investigated in any detail.
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