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EXECUTIVE SUMMARY  

Image Resources NL is mining mineral sands along the eastern side of the Swan 

Coastal Plain in the Boonanarring area, about 20 kilometres north of Gingin in 

Western Australia.  Overburden removal commenced in May 2018, the processing 

plant was commissioned and in full production from the 1st December 2018 and a 

pump was installed to allow dewatering of Pit C from December 2018 to November 

2019 and Pit B from March to July 2020.  Active mining in Pit A (the northern most 

pit and adjacent to Bartlettôs Well NR) ceased in July 2021.  No dewatering has 

occurred in Pit A since March 2021 when approximately 1400 litres of water (a 

relatively small volume) was pumped out in a dewatering phase.  There were no other 

dewatering events in Pit A.  Pit A is now being back-filled and rehabilitated with 

ówasteô soil and top soil/sub-soil.  Top soil/subsoil clearing of Pit D (adjacent to 

Boonanarring Nature Reserve) commenced in September 2021, with overburden 

removal starting in December 2021.  No dewatering had been undertaken in Pit D 

prior to the Autumn GDV monitoring. 

 

A Vegetation Monitoring Program for terrestrial and wetland (potential) groundwater 

dependent vegetation (GDV) in Bartlettôs Well NR and Boonanarring NR and for 

Collardôs Wetland, was required for approval of the mining project.  An element of 

the Vegetation Monitoring Programs were pre-mining (baseline) surveys that were to 

include: 

¶ One Spring monitoring of all monitoring variables; 

¶ One Autumn monitoring of canopy condition. 

 

Pre-mining tree crown assessment monitoring was conducted at all areas (excepting a 

burnt transect in Boonanarring NR) in Spring 2015 and Autumn 2016.  Additional 

pre-mining monitoring surveys were conducted in some of the GDV areas in Spring 

2017 and Spring 2018. 

 

The Autumn 2022 survey is the seventh monitoring survey since commencement of 

mining and was undertaken between the 6th and 8th of April 2022.  It satisfies the 

GDV monitoring requirements set out in the Water Operating Strategy (Image 

Resources, 2022) and EPA implementation conditions (conditions 6-3 and 7-3, EPA, 

2014) for annual post-mining Autumn GDV monitoring surveys.   

 

Data analysis showed that at Boonanarring NR, the mean Crown Assessment Index 

(CAI) and mean Foliage Health Index (FHI) of trees at the ótreatmentô transect sites 

declined significantly between pre-mining Spring 2018 and Autumn 2022 (canopies 



  

less healthy).  This was due to tree deaths occurring over the monitoring period, with a 

large number of Banksia trees (11) dying between the Spring 2020 and Autumn 2021 

surveys.  An analysis of the data that excluded dead trees showed that the mean CAI of 

remaining trees had in fact significantly improved since Spring 2018 monitoring and 

the Banksia attenuata and Banksia menziesii trees at Boonanarring NR GDV 

ótreatmentô sites, on average, remained ómoderately healthyô.  No mining or associated 

de-watering had taken place adjacent to the Boonanarring NR monitoring sites prior to 

the recording of 11 tree deaths in Autumn 2021 and no tree deaths have been recorded 

since the Autumn 2021 survey.  Furthermore, depth to ground water (DTGW) remains 

consistent and deep (greater than 10 metres) adjacent to the monitoring sites, which 

suggests that tree deaths are not associated with mining activity in the Boonanarring 

NR area. 

 

There was a significant decline in the CAI and FHI at Bartlettôs Well NR Terrestrial 

GDV ótreatmentô sites from pre-mining Autumn 2016 to Autumn 2022.  This trend was 

evident in the Autumn 2019 data and further increased in Autumn 2020 as a result of 

three new Banksia attenuata deaths at one particular Bartlettôs Well NR site 

(BWNR01).  One additional tree death was recorded at site BWNR01 in the Spring 

2020 survey.  When site BWNR01 was removed from an analysis of the Spring 2021 

data, there was no significant difference between the pre-mining Spring 2017 and 

Spring 2021 CAI.  No significant dewatering had taken place in Pit A, adjacent to 

BWNR01, prior to Spring 2020 and is therefore not related to the decline and deaths of 

Banksia attenuata at site BWNR01 up to that time.  Furthermore, while depth to ground 

water (DTGW) near BWNR01 has been in the range of 7.1 to 8.5 metres and therefore 

at a depth accessable to Banksia spp. roots, the groundwater levels were steady and did 

not decline rapidly, a characteristic associated with Banksia deaths on the Gnangara 

mound.   

 

Banksia spp. deaths (scored ó0ô when dead) have been the main factor behind declining 

mean CAI and FHI at the Boonanarring NR and Bartlettôs Well NR Terrestrial sites 

during the monitoring period.  Large numbers of Banksia spp. deaths in the two reserves 

were noted before monitoring commenced in 2015 and were documented during the 

pre-mining monitoring phase.  A survey for Phytophthora cinnamomi at and around 

the proposed monitoring sites in 2015 prior to commencement of monitoring did not 

find the fungus present and it would not appear to be a factor contributing to the tree 

deaths.   

 



  

There was a significant increase in the mean CAI and mean FHI of trees at the 

Bartlettôs Well NR Wetland sites between the pre-mining Autumn 2016 and the 

Autumn 2022 surveys, indicating a significant improvement in canopy health over 

that period.  Recovery of vegetation at the sites after a fire sometime prior to the 

commencement of monitoring, appears to be contributing to this trend. 

 

At Collardôs Wetland, mean CAI for óall treesô indicated ómoderately healthyôor 

slightly less than ómoderately healthyô tree canopies in Autumn 2022.  However, there 

has been a significant decline in mean CAI for óall treesô from 15.1 in Autumn 2016 

to 13.7 in Autumn 2022.  An analysis by tree species found that the significant decline 

in CAI was mostly due to significant declines in mean CAI of Eucalyptus rudis 

(Flooded Gum) trees and Melaleuca preissiana trees.  Overall, canopy condition of 

Eucalyptus rudis and Corymbia calophylla trees has been steady or has improved over 

recent monitoring events.  This may, in part be due to assessment of maturing, healthy 

epicormic foliage after an earlier stress event.  Melaleuca rhaphiophylla crowns at 

Collardôs Wetland sites were óvery healthyô and their CAI had not changed 

significantly between Autumn 2016 and Autumn 2022.   

 

Eucalyptus rudis tree crowns had declined to ósignificantly stressedô levels or near to 

it, by Spring 2019 and Autumn 2020 monitoring surveys at four of the eight Collardôs 

Wetland sites in which Eucalyptus rudis trees were monitored (CW03, CW04, CW10 

and CW11).  Eucalyptus rudis mean CAI levels have since recovered somewhat at 

sites CW04 and CW10.  Eucalyptus rudis tree crowns at site CW03 had been assessed 

as ósignificantly stressedô at the start of monitoring in Spring 2015.  Tree crowns at 

the other sites were ómoderately healthyô during the initial pre-mining GDV 

monitoring surveys, but had declined since, with overshadowing, competition from 

dense tree stands and one death of a smaller, slight tree that fell over, all contributing 

to the decline.  Sites CW03, CW04, CW10 and CW11 were all quite wet sites, with 

CW04, CW11 in particular typically inundated with water levels to 30 to 40 cm deep.  

These very wet conditions are discussed as a possible cause of the decline in the 

Eucalyptus rudis tree crowns. 

 

 



  

CONTENTS 
 

EXECUTIVE SUMMARY                                                                                                                     

i 

 

1.0  INTRODUCTION  ......................................................................................................................... 1 

1.1  Background................................................................................................................................ 1 

1.2  Purpose of the Autunn 2022 GDVM survey ............................................................................. 3 

1.3  The survey area .......................................................................................................................... 3 

 

2.0  BACKGROUND INFORMATION ON BOONANARRING GDV MONITORING  .............. 5 

2.1  Location of GDV monitoring sites ............................................................................................ 5 

2.2  Pre-mining (baseline) monitoring .............................................................................................. 5 

2.3  GDV monitoring after commencement of mining/dewatering .................................................. 6 

2.4  Depth to groundwater monitoring ............................................................................................. 7 

 

3.0  METHODS AND LIMITATIONS  ............................................................................................. 15 

3.1  Timing of the survey................................................................................................................ 15 

3.2  Survey methods ....................................................................................................................... 15 

3.2.1  Site records ....................................................................................................................... 15 

3.2.2  Canopy condition assessment ........................................................................................... 15 

3.2.3  Foliage health assessment ................................................................................................. 16 

3.3  Limitations of the GDV monitoring survey ............................................................................. 17 

3.4  Data analysis ............................................................................................................................ 17 

 

4.0  RESULTS OF THE AUTUMN 2021 GDV MONITORING  ................................................... 19 

4.1  General observations on site vegetation .................................................................................. 19 

4.2  Tree crown assessment and foliage health ............................................................................... 20 

4.2.1  General observations ........................................................................................................ 20 

4.2.2  Results of the comparison of means paired t-test analysis................................................ 22 

4.3  Depth to groundwater and tree crown assessment ................................................................... 23 

 

5.0  SUMMARY AND DISCUSSION ............................................................................................... 38 

 

6.0  ACKNOWLEDGEMENTS  ........................................................................................................ 40 

 

7.0  REFERENCES ............................................................................................................................ 41 

 

 

  



  

PLATES  ............................................................................................................................................. 43 

 

 

APPENDICES .................................................................................................................................... 83 

APPENDIX ONE.  The Crown Assessment Procedure diagrams. ................................................. 84 

APPENDIX TWO  Pre-mining tree canopy condition assessment data. ....................................... 85 

APPENDIX THREE  óPost commencement of miningô tree canopy condition assessment data. 99 

APPENDIX FOUR.  Comparison of means paired two-sample t-test of Autumn 2016 Pre-

mining and Autumn 2022 tree canopy assessment scores ............................................ 129 

APPENDIX FIVE.  Tree crown assessment index and foliar health index values (mean and 

standard deviation), by site by ........................................................................................ 148 

 

 

TABLES 

Table 1.  GDV monitoring sites (quadrats)                                                                                           8 

Table 2.  Foliage health Index                                                                                                              16 

Table 3.  Banksia spp. deaths at Boonanarring NR and Bartlettôs Well NR terrestrial                25 

                GDV sites. 

Table 4a.  Mean crown assessment index and foliar health index values by tree species by        26 

 GDV type by location: pre-mining data. 

Table 4b.  Mean crown assessment index and foliar health index values by tree species by        27 

 GDV type by location: post commencement of mining data 

Table 5a.  Mean crown assessment index and foliar health index values by tree species by         29 

 Treatment by ósite classô: pre-mining data. 

Table 5b.  Mean crown assessment index and foliar health index values by tree species by         32 

 Treatment by ósite classô: post commencement of mining data. 

 

 

FIGURES 

Figure 1:  Locality map for Boonanarring and Bartlettôs Well NRôs and Collards wetland.          4 

Figure 2:  Boonanarring NR GDV monitoring quadrat locations and vegetation units.                 9 

Figure 3:  Bartlettôs Well NR GDV monitoring quadrat locations and vegetation units               10 

Figure 4:  Collardôs Wetland GDV monitoring quadrat locations and vegetation units               11 

Figure 5:  Depth to Ground Water                                                                                                      12 

 



 1 

1.0  INTRODUCTION  

1.1  Background 

Image Resources NL is mining mineral sands along the eastern side of the Swan 

Coastal Plain in the Boonanarring area, about 20 kilometres north of Gingin, Western 

Australia.  The first area mined was on farmland south of Wannamal Rd West and 

adjacent to the scarp to the east (Pit C).  Preparation for mining began in May 2018 

with the removal of overburden.  The processing plant was constructed and 

commissioned during 2018.  Commissioning was completed by the 1st of December 

2018.  A pump was installed in Pit C in December 2018 for tails return water and for 

dewatering.  No dewatering took place prior to December 2018 (in the ópre-miningô 

period).  The next areas mined after the commencement of mining at Pit C, were north 

of Wannamal Rd West (Pit B (adjacent to Wannamal Rd West) and Pit A 

(northern most pit)) (Figure 1).  Mining of Pit A (adjacent to Bartlettôs Well NR) 

finished in July 2021 and the pit is now being back-filled and progressively 

rehabilitated with ówasteô soil and top soil/sub-soil.  Top soil/subsoil clearing of Pit D 

(southern-most pit and nearest pit to Boonanarring NR) commenced in September 

2021, with overburden removal started in December 2021.   

 

In February 2013, groundwater dependent vegetation (GDV) mapping was undertaken 

in Bartlettôs Well Nature Reserve (here after Bartlettôs Well NR) and in a small area 

of Boonanarring Nature Reserve (here after Boonanarring NR) (adjacent to and on the 

eastern side of the proposed mine envelope) as part of the proposed mine approvals 

process (360 Environmental, 2013).  Banksia attenuata-Banksia menziesii low 

woodlands and low open woodlands were mapped as potential Terrestrial GDV in the 

surveyed areas.  Extensive deaths of Banksia attenuata and Banksia menziesii trees 

were noted in parts of the Banksia woodlands in Bartlettôs Well NR and in 

Boonanarring NR and were considered to be most likely due to drought (360 

Environmental, 2013).  Vegetation units associated with a Melaleuca preissiana low 

woodland seasonal dampland in Bartlettôs Well NR were also mapped as potential 

Wetland GDV. 

 

The report and recommendations of the Environmental Protection Authority for the 

Boonanarring Mineral Sands Mine (EPA, 2014) set out conditions for approval of the 

mining project in Ministerial Statement 981 (MS981) that included, as part of 

Condition 6-1, that ñThe proponent shall ensure that the groundwater dewatering and 

abstraction associated with the activities does not cause any loss or degradation of 

defined environmental values within Bartlettôs Well and Boonanaring Nature 



 2 

Reserves ...ò.  A óNature Reserve Vegetation and Groundwater Monitoring and 

Response Planô (NRVGMRP) was prepared to address Condition 6 of the EPA 

document (COOE, 2015) and address requirements from the Department of 

Biodiversity, Conservation and Attractions (DBCA), as part of the siteôs Water 

Operating Strategy, approved by the Department of Water and Environmental 

Regulation (DWER).  Included in the NRVGMRP was a Vegetation Monitoring 

Program for terrestrial and wetland (potential) GDV in Bartlettôs Well NR and 

Boonanarring NR, that outlined monitoring methodology, frequency and timing and 

listed indicative monitoring site locations (Appendix B in COOE, 2015).   

 

Ministerial Statement 981 also set out Condition 7-1 for approval of the mining 

project, that ñThe proponent shall ensure that the groundwater dewatering and 

abstraction associated with the activities does not cause any loss or degredation of 

defined environmental values with Collard wetlandéò.  Collardôs wetland (here after 

referred to as óCollardôs Wetlandô) lies some 3km to the west of Boonanarring NR 

and west of the proposed mining area (Figure 1).  A óGroundwater Monitoring Planô 

(GMP) was prepared to address Condition 7 of the EPA document (Appendix A in 

COOE, 2015) and address requirements as part of the siteôs Water Operating Strategy, 

subject to approval by the DWER.  Included in the GMP was a Vegetation Monitoring 

Program for Collardôs Wetland that outlined monitoring methodology, frequency and 

timing.  These used the same methodology as that proposed for the GDV monitoring 

in the Nature Reserves.  Indicative monitoring site locations in Collardôs Wetland 

were also listed in the document.   

 

An element of the Vegetation Monitoring Programs for the Nature Reserves and for 

Collardôs Wetland was pre-mining (baseline) surveys that were to include : 

¶ One Spring monitoring of all monitoring variables; 

¶ One Autumn monitoring of canopy condition. 

 

Ministerial Statement 981 (MS981) conditions 6-4 and 7-4 required that ñPrior to the 

commencement of groundwater dewatering and/or abstraction associated with the 

proposal, the proponent shall provide the baseline data results required by condition 

.... [ó6-2(4) and 6-3ô and ó7-2(2) and 7-3ô respectively]... to the CEOò (EPA, 2014).  

Pre-mining baseline surveys were conducted in Spring 2015 (all sites excluding sites 

along one transect burnt in Boonanarring NR), Autumn 2016 (all sites excluding the 

burnt transect in Boonanarring NR), Spring 2017 (excluding one burnt transect in 

Boonanarring NR and the wetland GDV sites in Bartlettôs Well NR) and Spring 2018 
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(all Boonanarring NR sites only, including a first sample of the transect sites burnt in 

Spring 2015).  All pre-mining baseline survey data has been reported (Morgan, 2019).  

 

Monitoring after commencement of mining, began with the Autumn 2019 monitoring 

survey.  The GDV monitoring requirements have since been amended as set out in the 

updated óNature Reserve Vegetation and Ground Water Monitoring and Response 

Planô (NRVGMRP) (Image Resources, 2021).  The updated monitoring requirements 

removed the need for more detailed annual Spring monitoring elements that were in 

addition to a tree canopy condition assessment, bringing the Spring monitoring into 

alignment with the Autumn monitoring requirements.  The monitoring schedule was 

also revised to require two rounds of monitoring at Bartlettôs Well NR after the 

cessation of mining/excavation and dewatering from Pit A and Pit B.  As mining and 

dewatering ceased in July 2021, the Autumn 2022 survey will be the final survey for 

Bartletts NR. 

 

Another element of the óNature Reserve Vegetation and Ground Water Monitoring 

and Response Planô (NRVGMRP) (Image Resources , 2021) and Groundwater 

Monitoring Plan (Image Resources, 2020) was the requirement for ground water 

monitoring.  Numerous bores were installed at locations around Pit C, Collardôs 

Wetland, Bartlettôs Well NR and Boonanarring NR, for the purpose of monitoring 

depth to the Superficial and deeper aquifer groundwater.  The bore locations are 

shown in Figures 1 to 4.  Depth to ground water is recorded manually monthly or 

quarterly (where there is also an installed groundwater logger) at the bore locations. 

 

1.2  Purpose of the Autumn 2022 GDVM survey 

The Autumn 2022 survey was undertaken to satisfy the GDV monitoring 

requirements set out in the updated, current Water Operating Strategy (Image 

Resources, 2022) and EPA implementation conditions (condition 7-3, EPA, 2014) for 

annual Autumn and Spring GDV monitoring surveys during the period of mining.  

The Autumn 2022 survey was a canopy condition assessment and is the fourth autumn 

GDV monitoring event undertaken after commencement of mining and associated 

dewatering at the Boonanarring site.  

 

1.3  The survey area 

The location of GDV monitoring quadrats in Boonanarring NR, Bartlettôs Well NR 

and Collardôs Wetland are shown Figure 1.   
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2.0  BACKGROUND INFORMATION ON BOONANARRING GDV 

MONITORING  

2.1  Location of GDV monitoring sites 

A total of 14 terrestrial and 18 wetland GDV monitoring sites were established and 

sampled in Spring 2015 (see Table 1; Figures 2, 3 and 4).  Seven other sites planned as 

part of a second monitoring transect in Boonanarring NR in 2015, but which were in an 

area subsequently burnt in October 2015, were finally established and recorded in 

Spring 2018 (pre-mining) (Figure 2).    

 

óTreatmentô sites were located in transects which, where possible, were orientated 

perpendicularly to the proposed mining envelope and to the shallowest ground water 

point near the mining envelop (that is, orientated upslope, from low elevation to high 

elevation to try and get a gradient of DTGW) and gradient of distance from drawdown 

area.  óControlô sites were located at points high in the landscape and far from the 

drawdown areas. 

 

2.2  Pre-mining (baseline) monitoring 

GDV monitoring surveys prior to December 2018 (when the processing plant was 

commissioned and pumps were installed for pit dewatering), are considered to be pre-

mining monitoring.  The following monitoring was conducted in the pre-mining 

period. 

Spring 2015 GDV survey 

Terrestrial GDV sites (excluding Bonanarring NR transect T2 sites, which had 

been burnt just prior to set-up):   

Á 20x20m quadrats ï tree counts and tree canopy condition assessment;  

Á 10x10m quadrat (nested) ï a complete list of species and canopy covers.  

Species lists updated with a second early spring visit to sites in Spring 

2016. 

Wetland GDV sites: 

Á 10x10m quadrats ï tree counts, tree covers and tree canopy condition 

assessment; 

Á Two nested 5x5m quadrats ï complete species list with species canopy 

cover.  Species lists updated with a second early spring visit to sites in 

Spring 2016. 
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Autumn 2016 GDV survey 

Terrestrial GDV sites (except Boonanarring NR T2 sites) and Wetland GDV 

sites:   

Á tree canopy condition assessment;  

 

Spring 2017 GDV survey  

Terrestrial GDV sites (except Boonanarring NR T2 sites):   

Á tree canopy condition assessment; tree counts 

Wetland GDV sites (Collardôs Wetland sites, but not the Bartlettôs Well NR 

wetland sites):   

Á tree canopy condition assessment, tree counts.  

 

Spring 2018 GDV survey  

Terrestrial GDV sites (Boonanarring NR only) 

Á Transect T2:  established 5 new quadrats (BNR07, BNR08, BNR09, 

BNR10, BNR11) and sampled along with 2 T2 sites already established 

(BNR12, BNR13):  

Á 20x20 quadrat - tree counts and canopy condition assessment;  

Á 10x10 quadrat (nested) - complete species list with species 

canopy cover. 

Á Transect T1 sites (established 2015: BNR01, BNR02, BNR03, BNR04, 

BNR05, BNR06):  

Á tree canopy condition assessment;  

 

2.3  GDV monitoring after commencement of mining/dewatering  

The first GDV monitoring undertaken for the Boonanarring project after 

commencement of mining was the Autumn 2019 GDV survey.  Since then there have 

been monitoring surveys in Spring 2019, Autumn 2020, Spring 2020, Autumn 2021, 

and Spring 2021. 

 

Autumn 2019 survey 

Terrestrial GDV sites:   

Á tree canopy condition assessment;  

Wetland GDV sites:   

Á tree canopy condition assessment.  

 

Spring 2019 GDV survey (including detailed monitoring elements) 

Terrestrial GDV sites:   
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Á 20x20m quadrats ï tree counts and tree canopy condition assessment;  

Á 10x10m quadrat (nested) ï a list of perennial species list and their 

covers.   

Wetland GDV sites: 

Á 10x10m quadrats ï tree counts, tree covers and tree canopy condition 

assessment; 

Á Two nested 5x5m quadrats ï complete list of all species, with covers.  

 

Autumn 2020, Spring 2020, Autumn 2021, Spring 2021 GDV surveys  

Terrestrial GDV sites:   

Á tree canopy condition assessment; 

Wetland GDV sites:   

Á tree canopy condition assessment. 

 

2.4  Depth to groundwater monitoring  

The most recent available historical depth to ground water (DTGW) data for bores at 

or adjacent to Bartlettôs Well NR, Boonanarring NR and Collardôs Wetland are shown 

in Figures 5a, b and c.   
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Table 1.  GDV monitoring sites (quadrats) in Boonanarring NR, Bartlettôs Well NR and 

Collardôs Wetland and site properties. 
Site Nos Location GDV 

Type 

Mapped 

Vegtn 

Unit  

Site 

Classb 

Comments 

BNR01 Boonanarring NR Terrestrial BaBmEt T1  

BNR02 Boonanarring NR Terrestrial BaBmEt T1  

BNR03 Boonanarring NR Terrestrial BaBmEt C  

BNR04 Boonanarring NR Terrestrial BaBmEt T1  

BNR05 Boonanarring NR Terrestrial BaBmEt T1  

BNR06 Boonanarring NR Terrestrial BaBmEt T1  

BNR07 Boonanarring NR Terrestrial BaBmEt C Established Nov 2018 (Area burnt Oct 2015) 

BNR08 Boonanarring NR Terrestrial BaBmEt C Established Nov 2018 (Area burnt Oct 2015) 

BNR09 Boonanarring NR Terrestrial BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015) 

BNR10 Boonanarring NR Terrestrial BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015) 

BNR11 Boonanarring NR Terrestrial BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015) 

BNR12 Boonanarring NR Terrestrial BaBmEt T2 Site burnt October 2015 (DBCA control burn).a 

BNR13 Boonanarring NR Terrestrial BaBmEt T2 Site burnt October 2015 (DBCA control burn). a 

BWNR01 Bartlettôs Well NR Terrestrial BaBmEt T4  

BWNR02 Bartlettôs Well NR Terrestrial BaBmEt T4  

BWNR03 Bartlettôs Well NR Terrestrial BaBmEt T4  

BWNR04 Bartlettôs Well NR Terrestrial BaBmEt C1  

BWNR05 Bartlettôs Well NR Terrestrial BaBmEt T3  

BWNR06 Bartlettôs Well NR Terrestrial BaBmEt T3  

BWNR07 Bartlettôs Well NR Wetland CcMpCa bCcMp  

BWNR08 Bartlettôs Well NR Wetland Mp bMp  

BWNR09 Bartlettôs Well NR Wetland Mp bMp  

BWNR10 Bartlettôs Well NR Wetland Mp bMp  

BWNR11 Bartlettôs Well NR Wetland MpMl bMpMl  

BWNR12 Bartlettôs Well NR Wetland Mp bMp  

BWNR13 Bartlettôs Well NR Terrestrial BaBmEt T3  

BWNR14 Bartlettôs Well NR Terrestrial BaBmEt C1  

CW01 Collardôs Wetland Wetland Mp cMp  

CW02 Collardôs Wetland Wetland ErMr cMr  

CW03 Collardôs Wetland Wetland ErMr cMr  

CW04 Collardôs Wetland Wetland ErMp cErMp  

CW05 Collardôs Wetland Wetland CcErLl cCcEr  

CW06 Collardôs Wetland Wetland Mr cMr  

CW07 Collardôs Wetland Wetland Mr cMr  

CW08 Collardôs Wetland Wetland ErMp cErMp  

CW09 Collardôs Wetland Wetland CcErLl cCcEr  

CW10 Collardôs Wetland Wetland ErMr cMr  

CW11 Collardôs Wetland Wetland ErMp cErMp  

CW12 Collardôs Wetland Wetland CcErLl cCcEr  

a  Sites pegged, but only scored for canopy condition 

b  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation 

groupings. 
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Figure 5a.  Depth to Ground Water for bores at Boonanarring NR (see Fig 2 for bore locations). 
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Figure 5b.  Depth to Ground Water for bores at Bartlettôs Well NR (see Fig 3 for bore locations). 
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Figure 5c.  Depth to Ground Water for bores at Collardôs Wetland (see Fig 4 for bore locations). 
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3.0  METHODS AND LIMITATIONS  

3.1  Timing of the survey 

The Autumn 2022 survey was undertaken between the 6th and 8th of April 2022. 

 

3.2  Survey methods 

3.2.1  Site records 

When each quadrat (site) was visited, a photo was taken of the quadrat from the north 

or north-west corner, as per previous surveys.  Some basic notes were made about the 

appearance of vegetation health in the quadrat.  Sample trees were photographed (all 

trees at sites in Boonanarring NR and Bartlettôs Well NR, but not in Collardôs Wetland 

due to the greater height and density of trees making tree crown photos less effective).  

Sample trees were then scored for crown assessment and foliage health.  Where tree 

tags had become detached, they were refastened or replaced.   

 

Where some sample trees had died and there was concern for future sample numbers at 

a site, new sample trees were selected, tagged and scored for potential inclusion in 

future monitoring analysis. 

 

3.2.2  Canopy condition assessment 

Canopy condition assessment was undertaken in the Autumn 2022 survey as described 

for previous surveys (Morgan, 2019).  For each surveyed tree crown, ócrown densityô 

(1 to 9), óproportion of dead branchesô (1 to 9) and ódegree of epicormic growthô (1 to 

5) were scored using the óCrown Assessment Procedure diagramsô supplied by DWER 

(Appendix 1).  For each tree, the scores of these three elements of canopy condition 

were subsequently totalled to give a ó3 point canopy assessment indexô, or ócrown 

assessment indexô score for each tree (3 point scale; Ladd, 1996; cited by R. Loomes, 

pers. comm.).  Because it is scored out of a smaller range of values. the addition of the 

three elements of canopy condition effectively gives less weight to ódegree of epicormic 

growthô than to the other two elements of canopy condition.  The lesser weighting of 

ódegree of epicormic growthô in the index was made because it was argued that 

epicormic growth is not always an indicator of poor canopy condition or tree stress (R. 

Loomes (DWER), pers. comm.).   

 

For the Boonanarring GDV monitoring surveys, óDead Branchesô were scored for the 

outer part of the tree canopy, since branches in the inner part of the canopy had often 

died back due to factors such as competition for sunlight (shading) and nutrients, factors 
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unrelated to groundwater access and the general health of the tree.  This was particularly 

noticeable for trees with dense canopies, such as Melaleuca preissiana and, more 

generally, for sites with high tree density and high overall canopy cover (a number of 

the Collardôs Wetland sites).  Another problem in canopy assessment arose when one 

or more of the main crown branches had died.  In this case, ódead branchesô and ócrown 

densityô assessment took into account the entire crown including the dead branches, but 

ófoliage healthô (see below) focused on the remaining foliage on the live branches.   

 

3.2.3  Foliage health assessment 

Since the canopy condition 3 point assessment method did not include a direct 

assessment of foliage health, it was decided to include a simple assessment of crown 

foliage health for the sampled trees.  A simple scale for foliage health was developed 

during the initial field survey and is shown in Table 2 below.  It was designed to give 

an approximate and broad rating to tree foliage health.  It should be noted that foliage 

health, like the three surveyed crown condition elements, could be affected by many 

factors other than detrimental changes in ground water access for GDV plant species, 

such as insect herbivory.  The foliage health assessment focused on the foliage in the 

outer crown of trees to avoid foliage symptoms that occur in the inner canopy due to 

factors such as shading by the outer canopy. 

 

Table 2.  Foliage health Index (applied to the outer crown canopy of sampled 

trees). 

Index Foliage health 

description 

Foliage health symptoms 

5 Healthy Leaves green and abundant; very little leaf yellowing 

(some yellowing, leaf drop or other deterioration 

restricted to older leaves/branches lower in canopy 

(inside the crown canopy)). 

4 Signs of some 

stress 

Some leaves yellowing, mostly healthy green.  

3 Significant stress Leaf yellowing widespread, some defoliation (leaf 

drop) and leaf necrosis. 

2 Serious stress Leaf yellowing widespread; leaf necrosis may be 

significant in parts of crown. 

1 Seriously 

stressed/diseased 

tree; near death 

Extensive leaf necrosis and defoliation in outer canopy 
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3.3  Limitations of the GDV monitoring survey 

The subjective nature of canopy condition assessments was a limitation for the 

survey, although this was mitigated to some extent by regular reference to the crown 

assessment procedure diagrams.  This limitation of the assessment applied both within 

any one season of sampling between sites and also in comparing data from different 

seasons.  Photos of trees from previous surveys were used as a reference when 

making crown assessments. 

 

Rules on the parts of canopies used to assess ódead branchesô and foliage health and 

on the assessment of major dead branches in ongoing surveys helped with consistency 

during the survey.   

 

Another limitation of the monitoring survey was that the crown assessment index and 

foliage health index may not always reflect tree stress or tree health.  Fire was 

disruptive in tree assessment where it occurred in one transect of sites in 

Boonanarring NR (transect T2, Table 1; Figure 2), which were burnt in October 2015.  

Tree crowns at these sites were fire damaged to various extents, resulting in dead 

branches and scorched foliage and was responsible for subsequent epicormic growth.  

At other sites, overshadowing by neighbouring trees also impacted crown assessment 

factors.   

 

3.4  Data analysis 

Descriptive statistics, means and standard deviations, were calculated for the Autumn 

2022 tree Crown Assessment Index (CAI) and Foliage Health Index (FHI) data sets.  

They were also calculated for some other select past monitoring period data sets to 

check on consistency of results.  The Excel spreadsheet óPivot Tableô function was 

used to calculate the descriptive statistics.   

 

The data sets used for the descriptive statistics in this report included trees that had 

died after the first pre-mining survey (Spring 2015) and excluded monitoring trees 

that were first recorded after the Spring 2015 survey.  This was consistent with the 

previous Autumn GDV monitoring reports, but differed from the Spring GDV report 

treatment, which optimised Spring data comparisons (see Morgan, 2020).  When 

monitoring trees died they were scored as ózeroô for the three elements of canopy 

condition assessment (and therefore zero for crown assessment index) and foliage 

health assessment.  For some of this analysis, data was grouped into ósite classesô.  In 

the Wetland GDV areas, sites were grouped by vegetation type ósite classesô.  In the 

Terrestrial GDV areas, sites were grouped by ótreatmentô class (ótreatmentô and 
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ócontrolô), where the unquantified ódistance from mining envelopeô was effectively 

the ótreatmentô. 

 

StatPlus Pro V7 computer package (AnalystSoft, 2021) was used to run a comparison 

of paired means sample t-test to compare, where possible, ósame seasonô Autumn 

2016 (pre-minng) with Autumn 2022 (post commencement of mining/de-watering) 

crown assessment index scores and foliage health index scores to test for significant 

differences of the paired means.  The comparison of means t-test was run separately 

for each of the four monitoring locations/GDV Types (Table 1).  The null hypothesis 

was ósample means are equalô and the null hypothesis was accepted if the ótô statistic 

value was less than the Critical Value (for a confidence limit of 5%; two-tailed 

hypothesis).   

 

The data set for the comparison of means t-test was edited to specifically suit 

comparison of Autumn 2016 and Autumn 2022 datasets and varied from that for the 

calculation of the descriptive statistics.  The following data criteria were used : 

¶ excluded trees that were first recorded dead up to and including the Autumn 

2016 survey (trees that died after the Autumn 2016 survey were included); 

¶ excluded trees that were first sampled after the Autumn 2016 survey (included 

3 trees first sampled in Autumn 2016 survey); and  

¶ excluding Eucalyptus todtiana tree data, as Eucalyptus todtiana trees only 

occurred in the Bartlettôs Well NR ótreatmentô sites.  They are a groundwater 

dependent species.  A special comparison of means t-test was undertaken for 

only E. todtiana trees in the Bartlettôs Well NR ótreatmentô sites 

¶ an additional set of ót testsô were run for the Boonanarring NR sites, because 

only a subset of data was recorded in Autumn 2016 because one transect of 

sites was burnt.  A comparison of means between pre-mining Spring 2018 

data (for which there was a complete set of data for ther Boonanarring sites) 

and Autumn 2022 data included trees that dies after Spring 2018 and 

excluded trees first recorded after Autumn 2022. 
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4.0  RESULTS OF THE AUTUMN  2021 GDV MONITORING  

4.1  General observations on site vegetation 

Photographs of vegetation at all of the monitoring sites were taken for the 

Autumn 2022 survey and are presented in this document, along with paired pre-

mining site photographs from the following surveys (Plates 1 to 78):   

¶ Spring 2015 (Bartlettôs Well NR ï Wetland GDV sites); 

¶ Spring 2017 (Bartlettôs Well NR ï Terrestrial GDV sites; Collardôs Wetland 

sites), and  

¶ Spring 2018 (Boonanarring NR sites).   

 

The general vegetation at the Boonanarring NR GDV sites (Plates 1-26), the Bartlettôs 

Well NR GDV sites (Plates 27 to 54) and Collardôs Wetland sites (Plates 55-78) 

appeared healthy.  No new Banksia tree deaths were recorded during the Autumn 

2022 monitoring survey (Table 3).  The last significant number of Banksia tree deaths 

(12 deaths) was recorded at the Boonanarring NR and Bartlettôs Well NR sites during 

the Autumn 2021 monitoring survey.  Understory shrubs at Boonanarring NR sites 

were healthy. 

 

The vegetation at the Bartlettôs Well NR Wetland GDV sites continued to appear 

healthy, with tree health and general vegetation health improving over time at a 

number of sites.   

 

The general vegetation at Collardôs Wetland GDV sites also appeared healthy.  A 

number of sites near the margins of the wetland were partially inundated at the time of 

the survey (sites CW03, CW07 and CW10).  Several of the central Collardôs Wetland 

sites continued to be very wet (inundated) and boggy, as they have been from the 

commencement of monitoring in 2015.  Cattle tracks and trampling were noted at 

CW05 and trampling was intense at CW10 (also shallow inundation).  Fern cover is 

increasing at sites CW06 (still low cover) and CW07 and has become extensive at 

CW08.  CW04 was again extremely boggy and wet, with * Isolepis prolifera cover 

increasing.  * Isolepis prolifera cover is high at site CW11.  Numerous Eucalyptus 

rudis and Melaleuca preissiana trees inside and around the quadrat have fallen, with 

most of those leaning on surrounding trees.   
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4.2  Tree crown assessment and foliage health 

4.2.1  General observations 

While there was a total of 332 trees scored in the Autumn 2022 GDV survey 

(including trees added to the GDV monitoring after the Spring 2015 survey and trees 

that had died since monitoring started), a total of 302 trees were included in the 

calculation of the tree crown assessment descriptive statistics:  

¶ 103 trees in Boonanarring NR Terrestrial GDV sites;  

¶ 72 trees in Bartlettôs Well NR Terrestrial GDV sites;  

¶ 32 trees in Bartlettôs Well NR Wetland GDV sites; and  

¶ 95 trees in Collardôs Wetland GDV sites.   

 

Tree canopy condition assessment data and ócrown assessment indexô scores for each 

tree for pre-mining and post-commencement of mining surveys, including 

Autumn 2022 data, are presented in Appendices 2 and 3.  A crown assessment index 

score of about 14 or 15 could be considered to represent a moderately healthy crown 

(some small, dead branchlets (5), average crown foliage density (5) and none or an 

occasional epicormic branchlettes (4 to 5)).  A foliar health index value of about ó4ô 

would also indicate a moderately healthy tree crown.  A crown assessment index 

score of about 17 to 21 could be considered to represent a very healthy/vigorous 

crown (none or very sparse small dead branches (7 to 9), no epicormics growth (5) 

and a crown with average to dense foliage (5 to 7)).  Finally, a crown assessment 

index score of about 9 or less would indicate a tree with signs of significant stress 

(large and/or small branches dead (3), epicormic branchlettes in moderate abundance 

over most of the crown (3) and a crown of sparse, poorly spread clumps of foliage 

(3)). 

 

Mean Crown Assessment Index (CAI) and Foliage Health Index (FHI) values are 

shown by tree species, ótreatmentô and GDV Type in Tables 4 and 5.  The trends can 

be summarized as follows: 

Boonanarring NR (Terrestrial GDV)    

The mean CAI of Banksia attenuata and Banksia menziesii trees in the two 

ótreatmentô transects (T1 and T2) have continued a longer term trend of decline to be 

less than moderately healthy at the time of the Autumn 2022 survey (13.1 for all 

ótreatmentô sites; Table 5a,b).  A large decline in mean CAI was recorded at the two 

ótreatmentô transects (óT1ô and óT2ô) during the Autumn 2021 survery, which was 

mostly due to the death of 10 trees across the ótreatmentô sites between Spring 2020 

and Autumn 2021 (Table 3; Table 4).  Mean CAI of B. attenuata and B. menziesii 

trees was lowest in the C1 ócontrolô site (BNR03), mostly due to the death of 4 of the 
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8 trees used for calculating the descriptive statistics for that site (Table 3; Table 5).  

Most deaths (3) occurred between Spring 2015 and Autumn 2016 at that site.  

Between Spring 2018 (pre-mining) and Autumn 2022 mean CAI for all the ócontrolô 

sites actually increased from 10.1 to 10.7 as a result of CAI factors improving after 

the 2015 fire.  Mean FHI levels were similar between Spring 2018 and Autumn 2022 

(Table 5a, b).  There was a decline in mean FHI of ótreatmentô sites between Spring 

2018 and Autumn 2022, with the fall mostly occurring in Autumn 2021 due to the 

deaths of the 10 trees at the ótreatmentô sites. 

 

Bartlettôs Well NR (Terrestrial GDV) 

The mean CAI of ótreatmentô sites has declined from 15.5 in Autumn 2016 to 13.4 in 

Autumn 2022 (Table 5a, b), although mean CAI increased moderately from Spring 

2021 (12.9) to Autumn 2022 levels.  The two largest declines in the mean CAI of 

ótreatmentô sites were recorded during the Autumn 2019 and Autumn 2020 surveys.  

These declines were associated with 3 tree deaths recorded in each of those years 

(mean CAI declines of 0.8 and 0.9 respectively; Tables 4a, b and 5a, b).  The decline 

in mean CAI between Autumn 2016 and Autumn 2022 was greatest at transect óT4ô 

sites (15.0 to 12.2) and moderate at transect óT3ô sites (16.0 to 14.9) (Table 5a, b).  

This large decline at óT4ô sites was mostly due to 5 tree deaths occurring at site BW01 

out of a total of 10 tree deaths at Bartlettôs Well NR sites (Table 3).  Mean CAI has 

also declined moderately at ócontrolô sites since Autumn 2016 (15.9 to 15.0), with 

only two tree deaths recorded at ócontrolô sites over that period (Table 3; Table 5a, b).  

The decline in mean CAI was greatest for the Banksia attenuata trees and moderate 

for the Eucalyptus todtiana trees (Table 4a, b).  The mean CAI of Banksia spp. trees 

at the ócontrolô sites and ótreatmentô transect óT3ô sites remained in the moderately 

healthy range in Autumn 2022 (15.0 and 14.7 respectively; Table 5), but was at less 

than the ómoderately healthy rangeô at óT4ô sites.  Similar trends have occurred in the 

FHI, with little or no decline in mean FHI at óControlô and óT3ô sites and a large 

decline recorded across óT4ô sites (4.6 to 3.9; Table 5a, b). 

 

Bartlettôs Well NR (Wetland GDV) 

Mean CAI has increased moderately from Autumn 2016 (14.3) to Autumn 2022 

(15.7) and is at ómoderately healthyô levels (Table 4).  Mean FHI has been steady 

since Autumn 2016 monitoring and was at a high 4.7 in Autumn 2022 (Table 4).   

 

Collardôs Wetland 

The mean CAI and FHI values for óall treesô at Collardôs Wetland remains in the 

moderately healthy range, after declining from 15.1 in Autumn 2016 to 13.7 in 
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Autumn 2022 (Table 4).  However, while Melaleuca rhaphiophylla crowns have 

remained óvery healthyôover that period (CAI of 17.5 and 17.6 respectively), there has 

been a decline in mean CAI, from Autumn 2016 to Autumn 2021, in Melaleuca 

preissiana trees (14.8 to 12.9), Corymbia calophylla trees (12.1 to 11.4) and 

Eucalyptus rudis trees (14.0 to 11.8) (Table 4).  After declining significantly between 

the Spring 2017 and Spring 2019 surveys (mean CAI 12.1 to 10.3), the crown health 

of Corymbia calophylla trees has been steady and improved moderately over the last 

two surveys.  Eucalyptus rudis trees also declined significantly between the Spring 

2017 and Spring 2019 surveys (mean CAI 13.3 to 9.8), and have also recovered over 

the last few surveys to mean CAI of 11.8 in Autumn 2022 (Table 4).   

 

4.2.2  Results of the comparison of means paired t-test analysis 

The detailed results of the comparison of means paired t-test analysis are shown in 

Appendix 4.  The results were: 

¶ Boonanarring NR terrestrial GDV trees :  There was a significant decline in 

the mean CAI and mean FHI of ótreatmentô sites from Spring 2018 to Autumn 

2022.  There was no significant change in mean CAI or mean FHI of ócontrolô 

site trees over the same period.   

¶ Bartlettôs Well NR terrestrial GDV trees :  There was a significant decline in 

mean CAI of trees in the ótreatmentô transects T3 and T4 between Autumn 

2016 to Autumn 2022.  This was mostly attributable to a number of trees 

dying at the T4 site, BW01.  The impact of the deaths at site BW01 was 

demonstrated in the Spring 2021 by excluding he BW01 data from the ótô test 

which resulted in no significant change in the mean CAI of the other sites 

(Morgan 2022).  There was no significant change in the mean CAI of 

Eucalyptus todtiana trees at the T3 and T4 transect sites between Autumn 

2016 and Autumn 2022.  There was no significant difference in the CAI and 

FHI of the ócontrolô sites between Autumn 2016 and Autumn 2022.   

¶ Bartlettôs Well NR wetland GDV trees:  There was a significant increase in the 

mean CAI and mean FHI of trees between the pre-mining Autumn 2016 and 

the Autumn 2022 surveys, indicating a significant improvement in canopy 

health.   

¶ Collardôs Wetland GDV trees: There was a significant decrease in mean CAI 

scores of Melaleuca preissiana and Eucalyptus rudis trees between Autumn 

2016 and Autumn 2022.  However, there was no significant difference in 

mean CAI of Melaleuca rhaphiophylla and Corymbia calophylla trees 

between Autumn 2016 and the Autumn 2022.   
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4.3  Depth to groundwater and tree crown assessment  

Of the most relevant bores at Boonanarring NR, they were either dry (BNP030S) or 

had a depth to groundwater (DTGW) greater than 10 metres (bores BNP029S, 

BNP003S and BNP028S) in the period up to April  2022 (Figure 5a).  It is generally 

considered that Banksia attenuata and Banksia menziesii trees donôt access 

groundwater at depths greater than 10 metres (Froend et al., 2004).  DTGW has been 

consistent in the four bores since monitoring began in 2017 to 2018 (Figure 5a).  

 

At Bartlettôs Well NR, bores BNP017S (near NW corner of Bartlettôs Well NR and 

site BWNR01) and BNP032S (upslope of the NW corner of Bartlettôs Well NR and 

nearest site BWNR03) were near the transect T4 (Figure 3).  Bore BNP017S had a 

DTGW of about 7.8 metres in December 2020, but has since become blocked and out-

of-order.  Bore BNP032S had a DTGW of about 7.1 metres in April 2022 (Figure 5b).   

 

Banksia attenuata and Banksia menziesii trees are considered to be pheatophytic 

(groundwater using) at DTGW between 0 and 10 metres (Froend et al., 2004), 

although the greater the DTGW over this range, the lower the Banksia spp. 

requirement for groundwater and the greater their tolerance to groundwater decline.  

Bore BNP017S is adjacent to monitoring site BWNR01, where 5 Banksia tree deaths 

have been recorded since Spring 2018.  Three deaths were recorded at that site in the 

Autumn 2020 survey.  Banksia deaths on the Gnangarra mound were associated with 

rapid increases in DTGW (Water Authority of WA, 1992).  It can be seen that the 

DTGW levels in bore BNP032S have been fairly consistent since November 2018 

when readings began and those in bore BNP017S were consistent from May 2016 up 

until DTGW became unmeasurable after December 2020 (Morgan 2021b).  This 

suggests that changes in DTGW have not been associated with the Banksia deaths at 

BWNR01 (Figure 5b). 

 

Bores CMW01 (near monitoring site CW04) and CSW01 (near site CW11) were 

located in the wetter central part of Collardôs Wetland and, until about November 

2020, had DTGW levels that had tracked closely together and decreased some 11 cm 

from May 2016 to be at about saturated profile levels in November 2020 (Figure 5c).  

In December 2021 the DTGW was shallow at both those bores and was at about 

saturated profile levels.  The water level at bore CNW01 in the central north area of 

Collardôs Wetland was well north of the northern most monitoring point and the 

DTGW there was a little greater (25cm in May 2016) and fluctuated more than the 

DTGW at the other Collardôs bores (Figure 5c).  DTGW has steadily decreased at 

CNW01 to be close to the surface in December 2021 making a wetter profile.  The 



 24 

DTGW trends in the Collardôs Wetland bores suggest that the wetland has become 

slightly wetter since May 2016.  Figure 5c also shows that the DTGW was 

considerably greater at Bores CN001, CM001 and CS001, which are located in the 

dry and more elevated paddock adjacent to and just east of Collardôs Wetland 

(Figure 5c). 
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Table 3.  Banksia spp. deaths at Boonanarring NR and Bartlettôs Well NR terrestrial GDV sites included in the Autumn 2022 

data analysis (tree deaths after Spring 2015 survey). 
 

 First monitoring survey in which Banksia spp. deaths occurred  

Site AUT 

2016 

SPG 

2017 

SPG 

2018 

AUT 

2019 

SPG 

2019 

AUT 

2020 

SPG 

2020 

AUT 

2021 

SPG 

2021 

AUT 

2022 

    Total 

Bartlettôs Well NR sites:                

BW01 (T4)    1  3 1        5 

BW03 (T4)        1       1 

BW04 (C)  1             1 

BW05 (T3) 1              1 

BW13 (T3)    1           1 

BW14 (C)    1           1 

Total 1 1 0 3 0 3 1 1 0 0     10 

                

Boonanarring NR sites:                

BNR01 (T1)        1       1 

BNR02 (T1)        2       2 

BNR03 (C) 3   1           4 

BNR04 (T1) 1       1       1 

BNR05 (T1)   1     1       2 

BNR06 (T1) 1       1       3 

BNR07 (C)        1       1 

BNR010 (T2)       1        1 

BNR011 (T2)        1       1 

BNR013 (T2)        3       3 

Total 5 0 1 1 0 0 1 11 0 0     19 
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Table 4a.  Mean crown assessment index and foliar health index values by tree species by GDV type by location.  

Pre-mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into monitoring after the Spring 

2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM report (Table 

5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

  Crown Assessment Index Foliar Health Index 

Tree speciesa by 

ósite classô 

Nos  

trees 

Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Boonanarring NR 103                 

  Terrestrial GDV 

Sitesb 

103 15.6 2.6 13.9 5.8 13.8 5.8 13.5 5.1 4.5 0.6 3.9 1.5 3.8 1.4 4.3 1.2 

  Bab 60 15.4 3.0 14.1 5.1 14.3 5.2 13.4 4.9 4.6 0.6 4.1 1.3 4.0 1.3 4.4 1.1 

  Bmb 43 15.9 1.8 13.4 6.9 13.0 6.8 13.6 5.4 4.4 0.6 3.4 1.8 3.3 1.7 4.3 1.3 

                  

Bartlettôs Well NR 104                 

  Terrestrial GDV 

Sites 72 16.0 2.8 15.6 3.5 15.3 3.8     4.8 0.4 4.5 0.9 4.4 0.9     

  Ba 56 16.1 2.8 15.6 3.7 15.2 4.1     4.8 0.4 4.4 0.9 4.3 1.0     

  Bm 4 15.8 2.5 15.8 2.5 16.3 1.5     4.3 0.5 3.8 0.5 3.8 0.5     

Et 12 15.3 2.9 15.3 2.9 15.4 2.9     5.0 0.0 5.0 0.0 5.0 0.0     

  Wetland GDV 

Sites 32 14.8 4.7 14.3 4.6         4.4 0.8 4.2 0.9         

  Cc 3 17.7 1.2 17.0 0.0         4.7 0.6 4.7 0.6         

  Mp 29 14.5 4.8 14.0 4.8         4.4 0.8 4.2 0.9         

                  

Collardôs Wetland 95                 

  Wetland GDV 

Sites 95 15.6 3.1 15.1 3.2 14.6 3.6     4.7 0.5 4.7 0.5 4.6 0.6     

  Cc 8 12.8 2.7 12.1 2.7 12.1 3.4     4.4 0.5 4.5 0.5 4.3 0.5     

  Er 26 14.1 2.7 14.0 2.6 13.3 3.3     4.7 0.5 4.6 0.5 4.4 0.7     

  Mp 36 15.4 3.0 14.8 3.4 14.3 4.1     4.7 0.6 4.7 0.5 4.6 0.6     

  Mr 25 18.1 1.4 17.5 1.8 17.0 1.4     5.0 0.0 5.0 0.2 5.0 0.2     

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  Spring 2015, Autumn 2016 and Spring 2017 Boonanarring data only includes Conrol C1 and Transect T1 data; Spring 2018 onwards includes C1, C2, T1 and T2 data (see Table 5a).  
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Table 4b.  Mean crown assessment index and foliar health index values by tree species by GDV type by location.  

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into 

monitoring after the Spring 2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 

2021 GDVM report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that 

report.) 

  Crown Assessment Index Foliar Health Index 

Tree speciesa by 

ósite classô 

Nos  

trees 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Boonanarring NR 103                     

  Terrestrial GDV 

Sitesb 

103 13.4 5.2 13.6 5.0 14.0 5.0 14.0 5.4 12.3 6.7 4.2 1.2 4.1 1.2 4.2 1.3 4.1 1.3 3.6 1.8 

  Bab 60 13.2 5.3 13.4 5.1 13.8 5.1 13.6 5.5 11.5 6.9 4.2 1.2 4.2 1.2 4.2 1.3 4.1 1.4 3.5 1.9 

  Bmb 43 13.6 5.1 13.8 5.0 14.4 4.9 14.6 5.1 13.5 6.3 4.2 1.3 4.1 1.2 4.2 1.3 4.2 1.3 3.7 1.6 

                      

Bartlettôs Well NR 104                     

  Terrestrial GDV 

Sites 

72 14.7 4.7 14.6 5.0 14.0 5.7 13.8 6.1 13.8 6.0 4.2 1.2 4.1 1.3 4.0 1.5 4.1 1.6 3.9 1.7 

  Ba 56 14.5 5.2 14.5 5.3 13.7 6.2 13.4 6.6 13.3 6.6 4.0 1.4 4.0 1.4 3.8 1.7 3.9 1.8 3.7 1.8 

  Bm 4 15.8 1.5 15.8 1.5 16.3 1.0 17.0 1.6 16.3 1.5 4.0 0.0 4.0 0.0 4.5 0.6 4.5 0.6 4.5 0.6 

  Et 12 15.0 3.1 14.8 3.7 14.9 4.3 14.4 4.6 15.1 3.3 4.8 0.4 4.8 0.4 4.8 0.5 4.8 0.5 4.8 0.4 

  Wetland GDV 

Sites 

32 14.9 3.8 14.8 3.9 15.2 3.9 15.6 4.1 15.3 3.9 4.4 0.9 4.3 0.9 4.6 0.8 4.4 1.0 4.4 1.0 

  Cc 3 17.0 0.0 16.3 1.2 16.0 1.7 16.3 1.2 16.3 1.2 5.0 0.0 4.7 0.6 4.7 0.6 4.7 0.6 4.3 0.6 

  Mp 29 14.7 3.9 14.7 4.0 15.1 4.0 15.5 4.3 15.2 4.1 4.3 0.9 4.3 0.9 4.6 0.8 4.3 1.0 4.4 1.0 

                      

Collardôs Wetland 95                     

  Wetland GDV 

Sites 

95 13.8 4.0 13.3 4.3 13.5 4.6 13.5 4.4 13.7 4.5 4.6 0.7 4.5 0.7 4.8 0.7 4.6 0.7 4.6 0.8 

  Cc 8 11.3 3.8 10.3 3.5 10.5 3.7 10.6 3.5 10.4 4.0 4.4 0.5 4.4 0.5 4.6 0.5 4.3 0.5 4.3 0.5 

  Er 26 10.8 3.3 9.8 3.6 10.2 4.3 10.9 4.2 11.4 4.6 4.2 0.9 4.0 0.8 4.6 1.1 4.7 1.0 4.3 1.3 

  Mp 36 14.2 3.8 13.8 4.0 13.6 4.0 13.1 4.1 13.2 4.0 4.7 0.7 4.6 0.6 4.7 0.5 4.4 0.7 4.6 0.6 

  Mr 25 17.1 1.4 17.0 1.5 17.7 1.7 17.6 1.7 17.7 1.5 5.0 0.0 5.0 0.0 5.0 0.0 5.0 0.0 5.0 0.0 

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  b  Spring 2015, Autumn 2016 and Spring 2017 Boonanarring data only includes Conrol C1 and Transect T1 data; Spring 2018 onwards includes C1, C2, T1 and T2 data (see Table 5a). 
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Table 4b (cont).  Mean crown assessment index and foliar health index values by tree species by GDV type by location.  

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into 

monitoring after the Spring 2015 survey (see Appendices 2&3 for all data)).   

  Crown Assessment Index Foliar Health Index 

Tree speciesa by 

ósite classô 

Nos  

trees 

Spring 2021 Autumn 

2022 

   Spring 2021 Autumn 

2022 

   

  Mean SD Mean SD       Mean SD Mean SD       

Boonanarring NR 103                     

  Terrestrial GDV 

Sitesb 

103 12.4 6.6 12.5 6.7       3.9 1.9 4.0 1.9       

  Bab 60 11.6 6.9 11.8 6.9       3.9 2.1 3.8 2.0       

  Bmb 43 13.5 6.2 13.5 6.3       4.1 1.8 4.2 1.7       

                      

Bartlettôs Well NR 104                     

  Terrestrial GDV 

Sites 

72 13.6 6.0 13.9 6.1       4.1 1.7 4.2 1.7       

  Ba 56 13.3 6.6 13.6 6.7       3.9 1.9 4.0 1.9       

  Bm 4 15.8 1.5 16.3 1.5       4.8 0.5 4.5 0.6       

  Et 12 14.0 3.6 14.6 3.6       4.9 0.3 5.0 0.0       

  Wetland GDV 

Sites 

32 15.5 4.2 15.7 4.2       4.4 1.0 4.7 0.9       

  Cc 3 16.0 1.7 16.3 1.2       4.3 0.6 5.0 0.0       

  Mp 29 15.4 4.4 15.6 4.4       4.4 1.0 4.6 1.0       

                      

Collardôs Wetland 95                     

  Wetland GDV 

Sites 

95 13.6 4.2 13.7 4.4       4.5 0.8 4.8 0.8       

  Cc 8 10.9 3.8 11.4 4.0       4.5 0.5 4.5 0.5       

  Er 26 11.3 4.1 11.8 4.7       4.2 1.3 4.3 1.3       

  Mp 36 13.1 3.5 12.9 3.8       4.4 0.6 5.0 0.2       

  Mr 25 17.4 2.1 17.6 1.8       4.8 0.4 5.0 0.0       

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  b  Spring 2015, Autumn 2016 and Spring 2017 Boonanarring data only includes Conrol C1 and Transect T1 data; Spring 2018 onwards includes C1, C2, T1 and T2 data (see Table 5a). 
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Table 5a.  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Pre-mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into monitoring after the Spring 

2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM report (Table 5; 

Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by 

óTreatmentô by ósite 

classôb 

Nos 

of 

trees  

Crown Assessment Index Foliar Health Index 

  Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Boonanarring NR 103                 

  Terrestrial GDV Sites 103 15.6 2.6 13.9 5.8 13.8 5.8 13.5 5.1 4.5 0.6 3.9 1.5 3.8 1.4 4.3 1.2 

  C1 8 13.8 2.1 8.4 7.4 8.6 7.6 7.6 6.9 4.0 0.8 2.5 2.1 2.5 2.1 2.3 1.9 

    Ba 5 13.2 1.9 10.0 6.2 10.4 6.5 8.8 5.6 4.0 0.7 3.2 1.8 3.2 1.8 2.8 1.6 

    Bm 3 14.7 2.5 5.7 9.8 5.7 9.8 5.7 9.8 4.0 1.0 1.3 2.3 1.3 2.3 1.3 2.3 

  C2 19       11.1 5.5       4.7 0.5 

    Ba 9       10.9 5.9       4.8 0.4 

    Bm 10       11.3 5.5       4.7 0.5 

C ALL 27       10.1 6.1       4.0 1.6 

                  

  T1 36 16.0 2.6 15.1 4.6 15.0 4.7 14.5 5.2 4.7 0.5 4.2 1.2 4.0 1.1 4.2 1.4 

    Ba 23 15.9 3.0 15.0 4.5 15.1 4.6 14.3 5.3 4.8 0.4 4.3 1.1 4.2 1.1 4.3 1.4 

   Bm 13 16.2 1.6 15.2 5.0 14.7 5.1 14.9 5.3 4.5 0.5 3.8 1.4 3.7 1.2 4.0 1.3 

  T2 40       14.9 2.7       4.7 0.5 

    Ba 23       14.4 2.9       4.7 0.5 

    Bm 17       15.4 2.3       4.8 0.4 

T ALL  76       14.7 4.1       4.4 1.0 

                    

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5a (cont).  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Pre-mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into monitoring after the Spring 

2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM report (Table 5; 

Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by 

óTreatmentô by ósite 

classôb 

Nos 

of 

trees  

Crown Assessment Index Foliar Health Index 

  Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Bartlettôs Well NR 104                 

Terrestrial GDV Sites  72 16.0 2.8 15.6 3.5 15.3 3.8   4.8 0.4 4.5 0.9 4.4 0.9     
  C 22 16.5 1.8 15.9 2.9 15.4 4.2   4.7 0.6 4.2 0.9 4.3 1.1     
    Ba 19 16.4 1.9 15.7 3.1 15.1 4.5   4.7 0.6 4.3 0.9 4.4 1.2     
    Bm 3 17.0 0.0 17.0 0.0 17.0 0.0   4.3 0.6 3.7 0.6 3.7 0.6     
  T3 21 16.6 2.9 16.0 4.7 15.8 4.5   5.0 0.2 4.6 1.1 4.4 1.1   
     Ba 15 17.8 1.8 17.1 4.9 16.7 4.8   4.9 0.3 4.4 1.3 4.2 1.3   
    Et 6 13.5 3.0 13.5 3.0 13.7 3.1   5.0 0.0 5.0 0.0 5.0 0.0   
  T4 29 15.2 3.1 15.0 3.0 14.9 2.9   4.9 0.4 4.6 0.6 4.4 0.6     
    Ba 22 14.8 3.3 14.6 3.2 14.3 3.1   4.9 0.4 4.5 0.7 4.3 0.6     
    Bm 1 12.0 na 12.0 na 14.0 na   4.0 na 4.0 na 4.0 na     
    Et 6 17.2 1.0 17.2 1.0 17.2 1.0   5.0 0.0 5.0 0.0 5.0 0.0     
T ALL  50 15.8 3.1 15.5 3.8 15.3 3.7   4.9 0.3 4.6 0.9 4.4 0.9   
                  
BW Wetland GDV Sites 32 14.8 4.7 14.3 4.6     4.4 0.8 4.2 0.9       
  bCcMp 8 18.3 1.0 17.3 1.3     4.9 0.4 4.8 0.5       
    Cc 3 17.7 1.2 17.0 0.0     4.7 0.6 4.7 0.6       
    Mp 5 18.6 0.9 17.4 1.7     5.0 0.0 4.8 0.4       
  bMp 20 14.3 4.7 14.2 4.8     4.3 0.8 4.1 0.9       
    Mp 20 14.3 4.7 14.2 4.8     4.3 0.8 4.1 0.9       
  bMpMl 4 10.8 5.3 9.3 4.1     4.3 1.0 3.8 1.0       
    Mp 4 10.8 5.3 9.3 4.1     4.3 1.0 3.8 1.0       
                  

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5a (cont).  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Pre-mining data (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into monitoring after the Spring 

2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM report (Table 5; 

Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by 

óTreatmentô by ósite 

classôb 

Nos 

of 

trees  

Crown Assessment Index Foliar Health Index 

  Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 Spring 2015 Autumn 

2016 

Spring 2017 Spring 2018 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

                  

Collardôs Wetland                  
Wetland GDV Sites 95 15.6 3.1 15.1 3.2 14.6 3.6   4.7 0.5 4.7 0.5 4.6 0.6   
  cCcEr 22 13.4 2.5 12.7 2.7 12.0 3.5   4.5 0.6 4.5 0.5 4.3 0.6   
    Cc 8 12.8 2.7 12.1 2.7 12.1 3.4   4.4 0.5 4.5 0.5 4.3 0.5   
    Er 1 15.0 na 17.0 na 15.0 na   5.0 na 5.0 na 5.0 na   
    Mp 13 13.6 2.4 12.7 2.6 11.6 3.7   4.5 0.7 4.4 0.5 4.3 0.6   
  cErMp 31 15.0 2.1 14.4 2.3 14.0 2.5   4.6 0.6 4.6 0.5 4.6 0.6     
    Er 15 14.8 2.1 14.3 2.3 14.0 2.6   4.5 0.5 4.5 0.5 4.6 0.5     
    Mp 15 15.0 2.1 14.3 2.4 13.9 2.5   4.7 0.6 4.7 0.5 4.7 0.7     
    Mr 1 17.0 na 16.0 na 14.0 na   5.0 na 5.0 na 5.0 na     
  cMp 8 19.3 1.7 19.4 1.8 19.5 1.8   5.0 0.0 5.0 0.0 5.0 0.0     
    Mp 8 19.3 1.7 19.4 1.8 19.5 1.8   5.0 0.0 5.0 0.0 5.0 0.0     
  cMr 34 16.6 3.2 16.3 3.0 15.6 3.3   5.0 0.2 4.9 0.4 4.7 0.6     
    Er 10 13.0 3.4 13.1 2.9 12.2 4.1   4.9 0.3 4.6 0.5 4.0 0.8     
    Mr 24 18.2 1.4 17.6 1.8 17.1 1.2   5.0 0.0 5.0 0.2 5.0 0.2     
                  

a  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana;  

Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5b.  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment commenced 

after the Spring 2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM 

report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by Nos Crown Assessment Index Foliar Health Index 

 óTreatmentô by 

ósite classôb 

of 

trees 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Boonanarring NR 103                     

  Terrestrial GDV Sites 103 13.4 5.2 13.6 5.0 14.0 5.0 14.0 5.4 12.3 6.7 4.2 1.2 4.1 1.2 4.2 1.3 4.1 1.3 3.6 1.8 

  C1 8 6.5 7.4 6.6 7.5 6.6 7.5 6.3 7.1 6.0 6.6 1.9 2.0 2.0 2.1 2.0 2.1 2.3 2.4 2.0 2.2 

    Ba 5 7.0 6.9 7.2 7.0 7.2 7.0 6.6 6.4 6.6 6.2 2.2 2.0 2.4 2.2 2.4 2.2 2.6 2.4 2.4 2.3 

    Bm 3 5.7 9.8 5.7 9.8 5.7 9.8 5.7 9.8 5.0 8.7 1.3 2.3 1.3 2.3 1.3 2.3 1.7 2.9 1.3 2.3 

  C2 19 11.2 5.2 11.7 4.2 12.6 3.4 12.2 3.7 11.8 4.3 4.7 0.5 4.6 0.6 4.6 0.5 4.8 0.4 4.2 1.2 

    Ba 9 10.9 5.9 11.7 4.7 12.6 3.7 12.3 4.6 12.6 4.2 4.7 0.5 4.8 0.4 4.7 0.5 4.9 0.3 4.7 0.5 

    Bm 10 11.5 4.7 11.8 4.0 12.6 3.2 12.1 2.9 11.2 4.6 4.8 0.4 4.4 0.7 4.6 0.5 4.8 0.4 3.8 1.5 

C ALL 27 9.8 6.2 10.2 5.8 10.8 5.5 10.4 5.6 10.1 5.7 3.9 1.7 3.8 1.7 3.9 1.7 4.1 1.8 3.6 1.8 

                      

  T1 36 14.6 5.2 14.8 5.1 15.0 5.3 15.1 5.4 12.4 7.7 4.0 1.3 4.1 1.3 4.2 1.4 4.2 1.4 3.4 2.0 

    Ba 23 14.3 5.3 14.4 5.2 14.8 5.4 14.7 5.3 10.7 8.2 4.0 1.3 4.1 1.4 4.3 1.4 4.3 1.5 3.0 2.3 

   Bm 13 15.2 5.1 15.4 5.2 15.5 5.3 15.6 5.6 15.5 5.6 3.9 1.3 4.0 1.3 4.2 1.3 4.0 1.4 4.0 1.3 

  T2 40 14.7 3.0 14.8 3.2 15.4 3.1 15.5 4.1 13.8 6.1 4.5 0.5 4.5 0.6 4.4 0.6 4.2 0.9 3.8 1.5 

    Ba 23 14.3 3.4 14.5 3.9 14.7 3.6 14.5 5.0 13.0 6.1 4.5 0.5 4.5 0.6 4.3 0.6 4.0 1.1 3.8 1.6 

    Bm 17 15.1 2.3 15.2 2.0 16.2 1.9 16.8 1.9 14.9 6.0 4.5 0.5 4.4 0.5 4.6 0.5 4.4 0.5 3.8 1.5 

T ALL  76 14.6 4.2 14.8 4.2 15.2 4.2 15.3 4.7 13.1 6.9 4.3 1.0 4.3 1.0 4.3 1.0 4.2 1.2 3.6 1.8 

                      

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5b.  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment commenced 

after the Spring 2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM 

report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by Nos Crown Assessment Index Foliar Health Index 

óTreatmentô by ósite 

classôb 

of 

trees 

Spring 2021 Autumn 

2022 

   Spring 2021 Autumn 

2022 

   

  Mean SD Mean SD       Mean SD Mean SD       

Boonanarring NR 103                     

  Terrestrial GDV Sites 103 12.4 6.6 12.5 6.7       3.9 1.9 4.0 1.9       

  C1 8 6.3 6.9 6.5 7.3       2.4 2.6 2.3 2.4       

    Ba 5 6.8 6.4 7.0 6.6       2.8 2.6 2.6 2.4       

    Bm 3 5.3 9.2 5.7 9.8       1.7 2.9 1.7 2.9       

  C2 19 12.4 4.4 12.5 4.3       4.7 1.2 4.6 1.2       

    Ba 9 12.9 3.9 13.7 3.7       5.0 0.0 4.9 0.3       

    Bm 10 11.9 5.0 11.5 4.8       4.4 1.6 4.3 1.6       

C ALL 27 10.6 5.9 10.7 5.9       4.0 2.0 3.9 1.9       

                      

  T1 36 12.3 7.6 12.4 7.7       3.6 2.1 3.7 2.2       

    Ba 23 10.7 8.3 10.6 8.2       3.3 2.4 3.3 2.4       

   Bm 13 15.2 5.4 15.8 5.6       4.2 1.3 4.5 1.4       

  T2 40 13.7 6.0 13.8 6.0       4.2 1.7 4.2 1.7       

    Ba 23 13.1 6.1 13.4 6.2       4.2 1.7 4.2 1.7       

    Bm 17 14.5 6.0 14.2 5.9       4.2 1.8 4.3 1.7       

T ALL  76 13.0 6.8 13.1 6.8       3.9 1.9 4.0 1.9       

                      
                      
                      
                      

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5b (cont).  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment commenced 

after the Spring 2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM 

report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by Nos Crown Assessment Index Foliar Health Index 

 óTreatmentô by 

ósite classôb 

of 

trees 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Bartlettôs Well NR 104                     

Terrestrial GDV Sites  72 14.7 4.7 14.6 5.0 14.0 5.7 13.8 6.1 13.8 6.0 4.2 1.2 4.1 1.3 4.0 1.5 4.1 1.6 3.9 1.7 
  C 22 15.0 5.1 15.3 5.2 15.4 5.2 15.2 5.2 15.0 5.1 4.0 1.4 4.0 1.4 4.1 1.4 4.4 1.5 4.3 1.5 

    Ba 19 14.8 5.4 15.2 5.6 15.3 5.6 14.9 5.5 14.8 5.5 4.0 1.5 4.0 1.5 4.1 1.5 4.4 1.6 4.3 1.6 

    Bm 3 16.3 1.2 16.3 1.2 16.3 1.2 17.0 2.0 16.0 1.7 4.0 0.0 4.0 0.0 4.7 0.6 4.7 0.6 4.3 0.6 

  T3 21 14.7 5.7 14.5 5.9 14.2 5.8 14.9 6.2 14.7 5.6 4.0 1.4 4.1 1.5 4.2 1.5 4.4 1.5 4.1 1.4 

     Ba 15 15.3 6.4 15.2 6.4 14.8 6.1 15.5 6.4 15.1 6.3 3.8 1.6 3.9 1.7 3.9 1.7 4.2 1.7 3.9 1.6 

    Et 6 13.3 3.7 12.8 4.6 12.8 5.2 13.2 5.9 13.5 3.5 4.7 0.5 4.7 0.5 5.0 0.0 4.8 0.4 4.7 0.5 

  T4 29 14.4 3.8 14.2 4.0 12.8 6.0 11.9 6.4 12.3 6.7 4.4 1.0 4.2 1.1 3.6 1.7 3.6 1.7 3.6 1.9 

    Ba 22 13.8 4.2 13.5 4.4 11.5 6.3 10.7 6.8 10.9 7.1 4.2 1.1 4.0 1.2 3.4 1.8 3.2 1.9 3.1 2.0 

    Bm 1 14.0 na 14.0 na 16.0 na 17.0 na 17.0 na 4.0 na 4.0 na 4.0 na 4.0 na 5.0 na 

    Et 6 16.7 0.8 16.7 0.8 17.0 1.8 15.7 2.8 16.7 2.3 5.0 0.0 5.0 0.0 4.5 0.5 4.7 0.5 5.0 0.0 

T ALL  50 14.5 4.6 14.3 4.9 13.4 5.9 13.2 6.4 13.3 6.3 4.2 1.2 4.2 1.3 3.9 1.6 3.9 1.7 3.8 1.8 

                      

Wetland GDV Sites 32 14.9 3.8 14.8 3.9 15.2 3.9 15.6 4.1 15.3 3.9 4.4 0.9 4.3 0.9 4.6 0.8 4.4 1.0 4.4 1.0 

  bCcMp 8 17.0 0.0 16.8 0.7 16.9 1.4 17.5 1.4 17.3 1.3 4.9 0.4 4.9 0.4 4.9 0.4 4.9 0.4 4.8 0.5 

    Cc 3 17.0 0.0 16.3 1.2 16.0 1.7 16.3 1.2 16.3 1.2 5.0 0.0 4.7 0.6 4.7 0.6 4.7 0.6 4.3 0.6 

    Mp 5 17.0 0.0 17.0 0.0 17.4 0.9 18.2 1.1 17.8 1.1 4.8 0.4 5.0 0.0 5.0 0.0 5.0 0.0 5.0 0.0 

  bMp 20 14.9 3.8 15.0 3.8 15.4 3.9 15.5 4.5 15.2 4.3 4.2 1.1 4.2 1.0 4.5 0.9 4.2 1.2 4.2 1.2 

    Mp 20 14.9 3.8 15.0 3.8 15.4 3.9 15.5 4.5 15.2 4.3 4.2 1.1 4.2 1.0 4.5 0.9 4.2 1.2 4.2 1.2 

  bMpMl 4 11.0 5.0 10.3 4.8 11.0 4.7 12.3 3.6 12.0 3.8 4.5 0.6 4.0 0.8 4.3 0.5 4.5 0.6 4.5 0.6 

    Mp 4 11.0 5.0 10.3 4.8 11.0 4.7 12.3 3.6 12.0 3.8 4.5 0.6 4.0 0.8 4.3 0.5 4.5 0.6 4.5 0.6 

                      

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5b (cont).  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment commenced 

after the Spring 2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM 

report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by Nos Crown Assessment Index Foliar Health Index 

 óTreatmentô by 

ósite classôb 

of 

trees 

Spring 2021 Autumn 

2022 

   Spring 2021 Autumn 

2022 

   

  Mean SD Mean SD       Mean SD Mean SD       

Bartlettôs Well NR 104                     

Terrestrial GDV Sites  72 13.6 6.0 13.9 6.1       4.1 1.7 4.2 1.7       
  C 22 15.2 5.1 15.0 5.1       4.4 1.5 4.3 1.5       

    Ba 19 15.1 5.5 14.9 5.5       4.3 1.6 4.3 1.6       

    Bm 3 16.0 1.7 16.0 1.7       4.7 0.6 4.3 0.6       

  T3 21 14.2 5.8 14.9 6.0       4.5 1.5 4.5 1.5       

     Ba 15 14.9 6.2 15.7 6.5       4.3 1.8 4.3 1.8       

    Et 6 12.7 4.8 13.0 4.3       4.8 0.4 5.0 0.0       

  T4 29 11.9 6.5 12.2 6.7       3.7 2.0 3.9 2.0       

    Ba 22 10.8 7.1 11.0 7.2       3.3 2.1 3.5 2.2       

    Bm 1 15.0 na 17.0 na       5.0 na 5.0 na       

    Et 6 15.3 1.5 16.2 1.8       5.0 0.0 5.0 0.0       

T ALL  50 12.9 6.2 13.4 6.5       4.0 1.8 4.1 1.8       

                      

Wetland GDV Sites 32 15.5 4.2 15.7 4.2       4.4 1.0 4.7 0.9       

  bCcMp 8 17.4 1.7 17.5 1.4       4.6 0.5 5.0 0.0       

    Cc 3 16.0 1.7 16.3 1.2       4.3 0.6 5.0 0.0       

    Mp 5 18.2 1.1 18.2 1.1       4.8 0.4 5.0 0.0       

  bMp 20 15.6 4.4 15.8 4.5       4.3 1.2 4.6 1.1       

    Mp 20 15.6 4.4 15.8 4.5       4.3 1.2 4.6 1.1       

  bMpMl 4 11.0 3.4 11.5 3.7       4.0 0.8 4.3 0.5       

    Mp 4 11.0 3.4 11.5 3.7       4.0 0.8 4.3 0.5       

                      

                      

a  Ba: Banksia attenuata;  Bm:  Banksia menziesii;  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana; Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5b (cont).  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment commenced 

after the Spring 2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM 

report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by Nos Crown Assessment Index Foliar Health Index 

 óTreatmentô by 

ósite classôb 

of 

trees 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

Autumn 

2019 

Spring 2019 Autumn 

2020 

Spring 2020 Autumn 

2021 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

                      

Collardôs Wetland                      
Wetland GDV Sites 95 13.8 4.0 13.3 4.3 13.5 4.6 13.5 4.4 13.7 4.5 4.6 0.7 4.5 0.7 4.8 0.7 4.6 0.7 4.6 0.8 
  cCcEr 22 11.7 3.8 11.1 3.7 11.2 3.6 11.2 3.7 11.0 3.6 4.3 0.8 4.3 0.7 4.5 0.6 4.2 0.7 4.4 0.6 
    Cc 8 11.3 3.8 10.3 3.5 10.5 3.7 10.6 3.5 10.4 4.0 4.4 0.5 4.4 0.5 4.6 0.5 4.3 0.5 4.3 0.5 
    Er 1 15.0 na 14.0 na 14.0 na 14.0 na 14.0 na 5.0 na 4.0 na 5.0 na 5.0 na 5.0 na 
    Mp 13 11.7 3.9 11.4 3.9 11.4 3.6 11.3 3.9 11.2 3.6 4.2 0.9 4.3 0.9 4.5 0.7 4.2 0.8 4.4 0.7 
  cErMp 31 12.5 2.8 11.6 3.4 11.5 3.8 11.3 3.5 11.8 3.4 4.6 0.7 4.4 0.7 4.7 0.9 4.5 1.0 4.4 1.0 
    Er 15 10.9 2.9 9.7 3.6 9.9 4.4 10.4 4.3 11.1 4.2 4.3 0.8 4.1 0.7 4.5 1.3 4.5 1.3 4.3 1.3 
    Mp 15 13.9 1.9 13.3 2.1 12.7 2.4 11.9 2.3 12.1 2.2 4.9 0.4 4.7 0.5 4.8 0.4 4.4 0.6 4.5 0.6 
    Mr 1 14.0 na 14.0 na 17.0 na 17.0 na 17.0 na 5.0 na 5.0 na 5.0 na 5.0 na 5.0 na 
  cMp 8 18.9 1.7 18.9 1.7 19.0 1.9 18.5 1.6 18.6 1.8 5.0 0.0 5.0 0.0 5.0 0.0 4.9 0.4 5.0 0.0 
    Mp 8 18.9 1.7 18.9 1.7 19.0 1.9 18.5 1.6 18.6 1.8 5.0 0.0 5.0 0.0 5.0 0.0 4.9 0.4 5.0 0.0 
  cMr 34 15.2 3.9 14.9 4.2 15.5 4.3 15.8 3.9 15.9 4.2 4.7 0.7 4.6 0.8 4.9 0.4 4.9 0.2 4.8 0.9 
    Er 10 10.3 3.8 9.6 3.8 10.3 4.3 11.4 4.2 11.6 5.5 3.9 1.0 3.7 0.9 4.7 0.7 4.8 0.4 4.3 1.6 
    Mr 24 17.3 1.2 17.1 1.4 17.7 1.7 17.6 1.7 17.8 1.5 5.0 0.0 5.0 0.0 5.0 0.0 5.0 0.0 5.0 0.0 
                      

a  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana;  

Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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Table 5b (cont).  Mean crown assessment index and foliar health index values by tree species by óTreatmentô by ósite classô. 

Post commencement of mining data.  (From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment commenced 

after the Spring 2015 survey (see Appendices 2&3 for all data)).  Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM 

report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate to that report.) 

Tree speciesa by Nos Crown Assessment Index Foliar Health Index 

 óTreatmentô by 

ósite classôb 

of 

trees 

Spring 2021 Autumn 

2022 

   Spring 2021 Autumn 

2022 

   

  Mean SD Mean SD       Mean SD Mean SD       

                      

Collardôs Wetland                      
Wetland GDV Sites 95 13.6 4.2 13.7 4.4       4.5 0.8 4.8 0.8       
  cCcEr 22 11.3 3.2 11.3 3.7       4.4 0.6 4.8 0.4       
    Cc 8 10.9 3.8 11.4 4.0       4.5 0.5 4.5 0.5       
    Er 1 15.0 na 15.0 na       5.0 na 5.0 na       
    Mp 13 11.3 3.0 11.0 3.7       4.2 0.6 4.9 0.3       
  cErMp 31 11.6 2.9 11.7 3.2       4.2 1.0 4.6 1.0       
    Er 15 10.9 3.5 11.1 4.0       4.1 1.2 4.3 1.3       
    Mp 15 11.9 1.7 11.9 2.2       4.3 0.6 5.0 0.0       
    Mr 1 17.0 na 16.0 na       5.0 na 5.0 na       
  cMp 8 18.1 1.8 17.9 1.6       4.8 0.5 5.0 0.0       
    Mp 8 18.1 1.8 17.9 1.6       4.8 0.5 5.0 0.0       
  cMr 34 15.7 4.2 16.1 4.1       4.6 0.9 4.8 0.9       
    Er 10 11.6 5.1 12.5 5.8       4.2 1.5 4.3 1.6       
    Mr 24 17.5 2.1 17.7 1.8       4.8 0.4 5.0 0.0       
                      

a  Cc: Corymbia calophylla; Er: Eucalyptus rudis subsp. rudis; Et: Eucalyptus todtiana;  

Mp: Melaleuca preissiana; Mr: Melaleuca rhaphiophylla 

b  óTreatmentsô.  T: transects;  C: control sites; bxxx: Bartlettôs Well wetland vegetation groupings; cxxx: Collardôs Wetland vegetation groupings. 
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5.0  SUMMARY AND DISCUSSION  

The mean tree CAI and FHI of trees at Boonanarring NR GDV ótreatmentô sites declined significantly 

between Autumn 2016 and Autumn 2022 due to a large number of tree deaths (10 deaths at the 

ótreatmentô sites) that occurred between the Spring 2020 and Autumn 2021 surveys.  Banksia spp. 

deaths have been the main factor behind declining crown assessment indices and foliage health indices 

at Boonanarring NR since monitoring began in Spring 2015.  A comparison of means paired two-

sample t-test of trees at Boonanarring NR GDV ótreatmentô sites that excluded dead trees, found that 

Banksia attenuata and Banksia menziesii trees at Boonanarring NR GDV ótreatmentô sites were 

moderately healthy at Autumn 2022, as indicated by a mean CAI of 16.2 (Appendix 4).  While mining 

commenced after December 2021 at Pit D (adjacent and west of Boonanarring NR monitoring 

transects),  depth to ground water (DTGW) has been consistent and deep (greater than 10 metres) 

adjacent to the monitoring sites (Figure 5a). 

 

Nine Banksia spp. deaths at Bartlettôs Well NR Terrestrial GDV sites (7 at ótreatmentô sites) since 

Autumn 2016, has been the principal factor in a significant decrease in mean CAI.  This was 

particularly the case for the T4 transect in the Autumn 2020 survey when 3 Banksia attenuata trees 

were found to have died at one site (BWNR01).  Five Banksia attenuata trees have now died at site 

BWNR01 since Autumn 2016.  The CAI of trees at all the Bartlettôs Well NR Terrestrial GDV sites 

other than BWNR01 (BWNR02, BWNR03, BWNR05, BWNR06, BWNR13) did not change 

significantly between Spring 2017 and Spring 2021 (Morgan, 2022).  While mining had commenced in 

Pit A (immediately west of BWNR01 and bore BNP017S) and reached a depth of 72 mRL by the time 

of the Spring 2020 survey, little dewatering took place in Pit A (some dewatering in March 2021) and 

mining activity had finished in Pit A by the time of the Autumn 2022 survey, with the pit then in the 

process of being refilled.  This, together with the fact that DTGW in the area of BWNR01 was quite 

consistent (steady) between March 2016 and December 2021 and the water table had not experienced 

any rapid decline events, indicates that the Banksia tree deaths at site BWNR01 are not related to the 

mining activity.  There has been extensive fox den diggings and tunneling at site BWNR01 since 

monitoring began in 2015 and the impacts of this are unknown.  However, recent tree deaths have also 

been noted in the area around BWNR01 and itôs transect (T4) over the last 2 years and have not been 

restricted to site BWNR01. 

 

Many dead Banksia trees were observed in Boonanarring NR and Bartlettôs Well NR prior to 

commencement of monitoring, with the deaths considered to be due to drought effects 

(360 Environmental, 2013).  Banksia spp. deaths were also documented in the two reserves during the 

pre-mining monitoring period (Morgan, 2019).  A survey for Phytophthora cinnamomi at and around 

the proposed monitoring sites in 2015 did not find evidence of the presence of that fungus.   

 

At Collardôs Wetland, the overall vegetation at all sites appeared healthy in Spring 2021.  However, 

the cover of weed species has increased at the wetter, inundated and boggy central sites (CW04, CW08 

and CW11; Figure 4) and numerous trees have fallen at these sites and their surrounds (particularly 

Eucalyptus rudis trees).  The mean CAI for all trees has declined significantly from pre-mining 

Autumn 2016 to Autumn 2022, with significant declines of mean CAI occurring in Melaleuca 
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preissiana trees (14.8 to 12.9) and Eucalyptus rudis trees (14.0 and 11.8).  However, mean CAI for 

Corymbia calophylla and Eucalyptus rudis trees has stabilized and moderately increased in recent 

years.  The mean CAI of Melaleuca preissiana trees has fallen a little below ómoderately healthyô 

levels.  Over-shadowing of dense canopy is a significant contributing factor to crown decline in the 

lower Melaleuca preissiana trees.  

 

Symptoms of stress in Eucalyptus rudis tree crowns were observed in some trees at Collardôs Wetland 

during pre-mining monitoring, when significantly stressed Eucalyptus rudis tree crowns were recorded 

at site CW03 (from Spring 2015) and only ómoderately healthyô Eucalyptus rudis tree crowns at other 

sites.  The decline in the Eucalyptus rudis tree crowns at Collardôs Wetland has been discussed in other 

monitoring reports (Morgan, 2019) as being perhaps related to a wetter regime and perhaps increasing 

periods of inundation in parts of the wetland (making those sites more marginal for Eucalyptus rudis 

trees).   

 

At the time of the Spring 2020 survey, mining operations were resulting in a net addition of water to 

the water table in Pit C Stage 1, south of Wannamal Rd West (about 3 kilometres east of Collardôs 

Wetland).  At the time of the Spring 2020 survey, Pit C was being used for deposition of codisposal (a 

slurry of sand and clay tailings) from mining operations north of Wannamal Rd.  The slurry is created 

using water sourced from the Yarragadee aquifer and the water table has risen immediately adjacent to 

Pit C and also at bore BNMB14.  However, this activity has since moved further north to Pit B.  

Further west and nearer to Collardôs Wetland, at monitoring bores BNMB12 and BNMB10, DTGW 

has been fairly steady or has risen slightly (William de Koning, Environmental Advisor, Image 

Resources; pers. comm.; see bore locations in Figures 2, 3 and 4).   
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 PLATES  

Order of quadrat photos (Plates 1 to 78):  Boonanarring NR (quadrats BNR01- 

BNR13);  Bartlettôs Well NR (quadrats BWNR01-BWNR14);  Collardôs Wetland 

(quadrats CW01-CW12). 
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Plate 1.  Quadrat BNR01, Boonanarring NR (Spring 2015 GDVM). 

 

 

 
Plate 2.  Quadrat BNR01, Boonanarring NR (Autumn 2022 GDVM).  
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Plate 3.  Quadrat BNR02, Boonanarring NR (Spring 2015 GDVM). 

 

 

 
Plate 4.  Quadrat BNR02, Boonanarring NR (Autumn 2022 GDVM).  
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Plate 5.  Quadrat BNR03 (Terrestrial óControlô site), Boonanarring NR (Spring 

2015 GDVM). 

 

 

 
Plate 6.  Quadrat BNR03 (Terrestrial óControlô site), Boonanarring NR (Autumn 

2022 GDVM).  
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Plate 7.  Quadrat BNR04, Boonanarring NR (Spring 2015 GDVM).   

 

 

 
Plate 8.  Quadrat BNR04, Boonanarring NR (Autumn 2022 GDVM).   
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Plate 9.  Quadrat BNR05, Boonanarring NR (Spring 2018 GDVM , pre-mining).   

 

 

 
Plate 10.  Quadrat BNR05, Boonanarring NR (Autumn 2022 GDVM).   
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Plate 11.  Quadrat BNR06, Boonanarring NR (Spring 2015 GDVM).   

 

 

 
Plate 12.  Quadrat BNR06, Boonanarring NR (Autumn 2022 GDVM).   
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Plate 13.  Quadrat BNR07 (Terrestrial óControlô site), Boonanarring NR (Spring 

2018 GDVM).   

 

 

 
Plate 14.  Quadrat BNR07 (Terrestrial óControlô site), Boonanarring NR 

(Autumn 2022 GDVM).   
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Plate 15.  Quadrat BNR08 (Terrestrial óControlô site), Boonanarring NR (Spring 

2018 GDVM).   

 

 

 
Plate 16.  Quadrat BNR08 (Terrestrial óControlô site), Boonanarring NR 

(Autumn 2022 GDVM).   
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Plate 17.  Quadrat BNR09, Boonanarring NR (Spring 2018 GDVM).   

 

 

 
Plate 18.  Quadrat BNR09, Boonanarring NR (Autumn 2022 GDVM).   

 

  


































































































































































































