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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 commenndday 2018, the processing

plant was commissioned and in full production from tH®&cember 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 inA{the nathern most

pit and adj acentceasedinBayr202ll.eNo tetvatering dds | NR)
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 bdiled and rehabilitated with

Owast ed s oi I|-soilahog soil/sulpsoil sleaiing ¢f Biidujacent to
Boonanarring Nature Reserve) commenced in September 2021, with overburden
removal startingn December 2021No 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 Bafortl ettds W
Coll arddos Wetland, was required for approv.
the Vegetation Monitoring Programs were-pnaning (baseline) surveys that were to
include:

1 One Spring monitoring of all monitoring variables;

1 One Autumn monitoring atanopy condition.

Premining tree crown assessment monitoring was conducted at all areas (excepting a
burnt transect in BoonanarriddR) in Spring 2015 and Autumn 2016. Additional
pre-mining monitoring surveys were conducted in some of the GDV areasimgS

2017 and Spring 2018.

The Autumn 2022 survey is the seventh monitoring survey since commencement of
mining and was undertaké@tween the Band 8th of April 2022 It satisfies the

GDV monitoring requirements set out in the Water Operating Syrébegqge
Resources2022 and EPA implementation conditions (conditior8 &nd 73, EPA,
2014) for annual posnining Autumn GDV monitoring surveys.

Data analysis showed that at Boonanarring NR, the mean Crown Assessment Index
(CAl) and mean Foliage Héth Index (FHI) of trees at the t r e atransech ditgs
declined significantly between preining Spring 2018 and Autumn 2022 (canopies



less healthy). This was due to tree deaths occurring over the monitoring period, with a
large number oBanksiatrees (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 attenuataand Banksa menziesiitrees at Boonanarring NR GDV
6treatmentd sites, on average, remained 6om
de-watering had taken place adjacent to the Boonanarring NR monitoring sites prior to
the recording of 11 tree deaths in Autug021 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 associatadwining activity in the Boonanarring

NR area.

There was a significant decline in the CAI
GDV O t r e adites Fomtprémining Autumn 2016 to Autumn 2022. This trend was

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

three newBanksia attenuatad e at h's at one particul ar Bar
(BWNRO1). One additional tree death was recorded at site BWNRO1 in the Spring

2020 survey. When site BWNRO1 was removed from arysisabf the Spring 2021

data, there was no significant difference between thempmang Spring 2017 and

Spring 2021 CAI. No significant dewatering had taken place in Pit A, adjacent to
BWNRO1, prior to Spring 2020 and is therefore not related to thendexhd deaths of

Banksia attenuatat site BWNROL1 up to that timé&urthermore, while depth to ground

water (DTGW) near BWNRO1 has been in the range of 7.1 to 8.5 metres and therefore

at a depth accessableBanksiaspp. roots, the groundwater levelsreveteady and did

not decline rapidly, a characteristic associated B#inksiadeaths on the Gnangara

mound.

Banksiss pp. deaths (scored 606 when dead) have
mean CAIl and FHI at the BdDRBenestriatsitasg NR an
during the monitoring period.arge numbers ddanksiaspp. deaths in the two reserves

were noted before monitoring commenced in 2015 and were documented during the
premining monitoring phase. A survey f&hytophthora cinnamonat and around

the proposed monitoring sites in 2015 prior to commencement witoniag 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 CAl and mean FHI of trees at the
Bartlettds Well N R WseninihgaAntadmn20i6tamddhe b et ween t |
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.

AtColl ardds Wetl and, mean CAIl for d6all treesdéd
slightly | ess than 6émoderately healthyo tr
has been a significant decline in mean CAI

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

in CAl was mostly due to significant declines in mean CAEo€alyptus rudis

(Flooded Gum) trees aMelaleuca preissian&rees. Overall, canopy condition of

Eucalyptus rudisndCorymbia calophylldrees 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 evévielaleuca rhaphiophyll@rowns at

Coll ar d6sesWewdraendovseirty healthyd and their C
significantly between Autumn 2016 and Autumn 2022.

Eucalyptusrudis$ r ee crowns had declined to 6signif]|
it, by Spring 2019 and Autumn 2020 monitoring surveys atdotir t he ei ght Col |
Wetland sites in whickucalyptus rudi¢rees were monitored (CW03, CW04, CW10

and CW11).Eucalyptus rudisnean CAl levels have since recovered somewhat at

sites CW04 and CW1C0Eucalyptus rudisree crowns at site CW03 had beesessed

as O0significantly stressedbé at the start o
the other sites were OmodemagtGBVy healthyo
monitoring surveys, but had declined since, with overshadowing, competition from

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

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

CWO04, CW11 in particular typically inundated with water levels to 30 to 40 cm deep.

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

Eucalyptus rudigree crowns.
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1.0 INTRODUCTION
1.1 Background

Image ResourcasL is minng mineral sands along the eastern side of the Swan

Coastal Plain in the Boonanarring aralagut20 kilometresnorth of Gingin Western

Australia. The first area minedas on farmland south of Wannanid West and

adjacent to the scarp to the e@&t C). Preparation for mining began May 2018

with the removal of werburden.The pocessing plant wasonstructed and

commissionedluring 2018. Commissioning was completedhsy F' of December

2018. A pump was installed Fit C in December 2018 for tigireturn water and for

dewatering. No dewatering took place prior to December R0il&  t-thien iOp g @

period) The next areas minexfter the commencement of mining at Pits@re north

of Wannamal Rd West (Pit @djacent to Wannamal Rd Weat)d Pit A

(northernmostpit)) (Figure 1) MiningofPi t A (adj acent to Bartle
finished inJuly 2021 and the pit isow being bacKilled andprogressively
rehabilitated with -soilvdcptsod/dubsesilaleatingaf@ t op s o0
(southeramost pit and nearest pit to Boonanarring NR) commenced in September

2021, with overburden removal stdlin December 2021.

In February 2013, groundwatdependent vegetation (GDV) mapping was undertaken
inBar t WellNatweReservgl her e af tWelt NRBaad irt al smdll aréas

of BoonanarringNatureReservg here after BoonanarringR) (adjacent tand on the
eastern side dhe proposed minenvelope)s part of the proposed mine approvals
proces (360 Environmental2013) Banksia attenuat8anksia menziesiow
woodlandsand low open woodlandsere mapped as potentigérrestrialGDV in the
surveyed areas. Extensive deathBaksia attenuatandBanksia menziesirees

were noted in parts of tiganksiawo od | ands i n Bartl ettds Well
Boonanarring NR and were consideredbéomost likely due to droughB60
Environmentgl 2013). Vegetation units associated withVeelaleuca preissianiow
woodland seasondampland n Bar t | e werealsomapged ds pdieRtial
Wetland GDV.

The report and recommendations of the Environmental Protection Authority for the
Boonanarring Mineral Sands Mine (EPA, 2014) set out condifmmepproval of the

mining projectin Ministerial Statement 981 (MS98that included, apart of

Condition61,t hat @A The proponent shall ensure tha
abstraction associated with the activities does not cause any loss or degradation of

defined environmental valueswithi Bar t | et t 6 s ny&Natlre and Boonan



Reserves.0 . 60 NA tRaseree Vegetation and Grourater Monitoring and

Response PI@{NRVGMRP) was prepared to address Condition 6 of the EPA

documen{COOE, 2015pndaddressequirementsrom the Department of

Biodiversity, Conservation and Attractio(l3BCA), as pa of thes i t\Wai@rs

Operating Strategyapproedby the Department of Wateand Environmental

Regulation(DWER). Included in the NRVGMRP was\4egetation Monitoring

Prograntor terrestrial and wetlangpotentialGDV i n Bartl ett 6s Wel | \
Boonanarng NR, that outlined monitoring methodology, frequency and timing and

listed indicative monitoring site locations (AppendixrBCOOE, 2015).

Ministerial Statement 981 also set out Conditieh for approval of the mining
project, t ha ball én3ulee¢hathe grqurmwatendewatering and
abstraction associated with the activities does not cause any loss or degredation of

defined environmental valueswi@o | | ar d wE€ o | b watlahd(lere after
referred to as lie§smé 3km to thédveest d¥Bdohananihigd )
and west of the proposed miniagea (Figure 1) A 6Groundwater Monit

(GMP) was prepared to address Condition 7 of the EPA docuepédix Ain

COCE, 2015) and address requirements as partafthe e 6 s Wat er ,Oper atin
subject to approval by tHeWER. Included in the GMP was a Vegetation Monitoring
ProgramfoiCo | | ar d dtkat outined momtating methodology, frequency and

timing. Theseused the sammethodologyas thaproposed for the GDV monitoring

in the Nature Reservesndicative monitoring site locations@o | | ar d6s Wet | and
were also listed in the document.

An element of the Vegetation Monitoring Programs foritla¢ureReserves and for
Col | ar d owas préminihggbastline) surveys that were to include :

1 One Spring monitoring of all monitoring variables;

1 One Autumn monitoring of canopy condition.

Ministerial Statement 981 (MS981) conditiong @&nd 74 requiredthai Pr i or t o t he

commencement of groundwater dewatering and/or abstraction associated with the

proposal, the proponent shall provide the baseline data results required by condition
2(4)gnd&@B 6 a-BA@and 7306 respectivel y,J2014.. t o t he

Premining baseline surveys were conducted in Spring 2015 (all sites exchiiag

alongonetransecburnt in Boonanarring NR), Autumn 2016 (all sites excludirey

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

Boonanarring NR and the wetland GDV sites



(all Boonanarrind\R sites only, including a first sample of the transect bitest in
Spring 2015. All pre-mining baseline survegatahasbeen reported (Morgan, 2019).

Monitoring after commencement of minifdgegan with the Autumn 20XI@onitoring
survey. The GDV monitoring requirements have since beema@ead as set out in the
updatedd Nizre Reserve Vegetation and Ground Water Monitoring and Response
Pl and ( NRMage/HResolrce2021). The updated monitoring requirements
removedthe need for more detailed annual Spring monitoelegnents that were in
addition to a tree canopy cotidn assessment, bringing the Spring monitoring into
alignment with the Autumn monitoring requirement$ie monitoring schedule was
alsorevisedto require twaounds of monitoring at Bartlég\Well NR after the
cessation of mining/eavdion and dewaténg from Pit A and Pit B.As mining and
dewatering ceased in July 202ie Autumn 2022 survey will be the final survey for
Bartletts NR.

Anot her el ement of the 6Nature Reserve Veg:
and Response P linnagedReduide’ Q0SIVERAPGrour(dater

Monitoring Plan(lImage Resources, 202@ps the requirement for ground water
monitoring. Numerous bores were installed
Wetl and, Bartlettods Wel | puppése @ mahitoBngonanar r i |
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) atrthéolations.

1.2 Purpose ofthe Autumn 2022 GDVM survey

The Autumn 2@2 surveywasundertaken to satisfy t@DV monitoring
requiremenrg set out in thepdatedcurrentWaterOperating Strategyliihage
Resources2022 and EPA implementation conditions (conditio3,7/EPA, 2014Jor
annualAutumn andSpring GDV monitoring survesduring the period of mining
The Autumn 2@2 survey was canopy condition assessmantlis thefourthautumn
GDV monitoring event undertakexiter commencement afining and associated
dewatering athe Boonanarringsite

1.3 The survey area

The location ofGDV monitoringquadratsn BoonanarrindNR,Bar t | et t 6 s Wel | )
andCo |l | ar d 6ase shuerFiduee d d
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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 Tabjd-lgures2, 3 and 4).Sevenother sites planneas

part ofa second monitoring transectBmonanarring NRn 2015, but which werim an
areasubsequenthjburnt in October 2015yere finally establishedand recordedn
Spring2018 (pre-mining) (Figure?2).

O0Treatmentd sites were |l ocated in transecHt
perpendicularly to theroposed mining envelope and to gtellowest ground water

point near the mining envelofthat is, orientatedpslope, fom low elevation to high

elevationto try and get a gradient of DTGW) agdadient ofdistance from drawdown

area 6 Control 6 sites were | ocated at points
drawdown areas.

2.2 Premining (baseline)monitoring

GDV monitoring surveys prior to December 204 €n the processing plant was
commissione@nd pump were installedor pit dewatering)are considered to e
mining monitoring. The following monitoring was conducted in the 4onening
period.
Spring2015 GDV survey
Terrestrial GDV siteg¢excluding Bonanarring NRansect T2 sites, which had
been burnt just prior to sep):
A 20x20m quadrats tree counts and tree canopy condition assessment;
A 10x10m quadrat (nested)a completdist of speciesandcanopy coves.
Species lists updated with a second early spring visit to sites in Spring
2016.
Wetland GDV sites:
A 10x10m quadraté tree counts, tree covers and tree canopy condition
assessment;
A Two nested 5x5m quadratsomplete species list with speciEmopy
cover. Species lists updated with a second early spring visit to sites in
Spring 2016.




Autumn 2016 GDV survey
Terrestrial GDV sitegexcept Boonanarring NR T2 sitem)d Wetland GDV
sites
A tree canopy condition assessment;

Spring 2017 GDV grvey
Terrestrial GDV sitegexcept Boonanarring NR T2 sites)
A tree canopy condition assessment; tree counts
Wetland GDV siteg Col | ar dds Wetl and sites, but
wetland sites)
A tree canopy condition assessment, tree counts.

Spring 2018 GDV survey
Terrestrial GDV sites (Boonanarring NiRly)

A Transect T2: establishédnew quadrats (BNRO7, BNR0S, BNRO9,
BNR10, BNR11l)and sampledlongwith 2 T2 sites already established
(BNR12, BNR13)

A 20x20 quadrat tree counts and canopy condition assessment;
A 10x10 quadrat (nestedpomplete species list with species
canopy cover.

A Transect Tkites(establishe@015 BNR01, BNR02, BNR0O3, BNRO04,
BNRO5, BNRO6):

A tree canopy condition assessment;

2.3 GDV monitoring after commencement of miningdewatering

The first GDV monitoring undertaken for the Boonanarring project after
commencement of mining was the Autumn 2019 GDV sun&wnce then there have
been monitoring surveyis Spring 2019, Autumn ZD, Spring 2020 Autumn 2021,
and Spring 2021

Autumn 201%urvey
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

Spring 2019 GDV survefincluding detailed monitoring elements)
Terrestrial GDV sites:




A 20x20m quadrats tree counts and tree canopy condition assessment;
A 10x10m quadrat (nesteda list of perennial species list and their
covers.
Wetland GDV sites:
A 10x10m quadrats treecounts, tree covers and tree canopy condition
assessment;
A Two nested $5m quadrat$ completeist of all specieswith coves.

Autumn 2020, Spring 2020, Autumn 2021, Spring 2021 GDV surveys
Terrestrial GDV sites:
A tree canopy conditioassessment;
Wetland GDV sites:
A 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 BartlettGsel Wat d0NRWetBloamanai
in Figures 5ab andc.



Tabl e 1. GDV monitoring sites (quadrats)
Coll ardbébs Wetland and site properties.
Site Nos Location GDV Mapped Site Comments
Type Vegtn Clasy
BNRO1 Boonanarring NR | Terrestrial | BaBmEt T1
BNRO?2 Boonanarring NR | Terrestrial | BaBmEt T1
BNRO3 Boonanarring NR | Terrestrial | BaBmEt C
BNR04 Boonanarring NR | Terrestrial | BaBmEt T1
BNRO5 Boonanarring NR | Terrestrial | BaBmEt T1
BNRO6 Boonanarring NR Terrestrial | BaBmEt T1
BNRO7 Boonanarring NR | Terrestrial | BaBmEt c Established Nov 2018 (Area burnt Oct 2015)
BNROS8 Boonanarring NR__ | Terrestrial | BaBmEt c Established Nov 2018 (Area burnt Oct 2015)
BNRO9 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 bugn)
BNR13 Boonanarring NR | Terrestrial | BaBmEt T2 Site burnt October 2015 (DBCA control burp
BWNROL |Bartl et t 6| Terrestrial| BaBmEt T4
BWNRO02 Bartl et t 6| Terrestrial| BaBmEt T4
BWNRO3 Bartl|l ett 6| Terrestrial| BaBmEt T4
BWNRO04 Bartl ett 6| Terrestrial| BaBmEt C1
BWNRO5 Bartl ett 6| Terrestrial| BaBmEt T3
BWNRO06 Bartl et t 6| Terrestrial| BaBmEt T3
BWNRO7 |Bartl ett 6| wetland | CcMpCa | bCcMp
BWNRO0S8 Bartl ett 6| Wetland Mp bMp
BWNRO09 Bartl ett 6| Wetland Mp bMp
BWNR10 Bartl ett 6| Wetland Mp bMp
BWNR11 Bartl ett 6| Wetland MpMI bMpMI
BWNR12 Bartl ett 6| Wetland Mp bMp
BWNR13 Bartl et t 6| Terrestrial| BaBmEt T3
BWNR14 Bartl et t 6| Terrestrial| BaBmEt C1
CWO01 Col |l ar dbés| Wetland Mp cMp
CW02 Col |l ar d 6 s| Wetland ErMr cMr
CWO03 Col | ar d o6 s| Wetland ErMr cMr
CWO04 Col |l ar d 6 s| Wetland ErMp cErMp
CWO05 Col | ar d 6 s| Wetland CcErLI cCcEr
CWO06 Col | ar d 6 s| Wetland Mr cMr
CWO07 Col |l ar d 6 s| Wetland Mr cMr
CWO08 Col |l ar d 6 s| Wetland ErMp cErMp
CW09 Col | ar do s| Wetland CcErLI cCcEr
CWwW10 Col | ar d 6 s| Wetland ErMr cMr
Cwi1l Col | ar d 6 s| Wetland ErMp cErMp
CW12 Col | ar d 6 s| Wetland CcErLI cCcEr
a Sites pegged, but only scored for canopy condition
pbT: transects; C: control sitgersgupixmkgs ; Bcaxrxtx:etQadlsl
groupings.

awed d
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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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3.0 METHODS AND LIMITATIONS

3.1 Timing of the survey

The Autumn 2@2 survey was undertakdretween the'Band &' 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 northwest corner, as per previous surveys. Some basic notes were made about the
appearance of vegetation health in the quadrat. Sample treephatographed (all

trees at sites in Boonanarring NR and Bart.|
due tothe greateheight and density of trees making tree crown phiesseffective).

Sample trees weriaen scored for crown assessment and foliage health. Wheere t

tags had become detached, they were refastened or replaced.

Where some sample trees had died and there was conckrufesample numbers at
a site new sample trees were selected, tagged and scored for potential inclusion in
futuremonitoring amlysis

3.2.2 Canopy condition assessment

Canopy conditiorassessment was undertaken inAlieumn 2@2 surveyas described

for previoussurveys (Morgan, 2019)For each s ur va@owedde ntsrietey 6cr o\
(1t09) Oproporhbriaom¢lhiodaddd addegree of(l®pi cor mi
5)\were scored using the 6Crown Assessment P
(Appendix1). For each tree, the scores of these three elements of canopy condition

were subsequently totalledtogiv a 63 poi nt canopy assessme
assessment index06 score for eaR hoohes,ee (3 p
pers. comn). Because it is scored out of a smaller range of values. the addition of the

three elements of canopycondo n ef fecti vely gives | ess wei
growt hd than to the ot her Thelesser welgimyeoint s o f
0degree of epicormic growthod in the index
epicormic growth is not always amdicator of poor canopy condition or tree stré&s (

Loomes (DWER)pers. comn).

Forthe Boonanarring GDV monitoringurveys6 Dead Br anchesd wer e sc¢

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, sucMalsleuca preissianand, more

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

the Collardds Wetland sites). Anot her pro
or more of the main crown branchemwnhad di ec
densityd assessment t oiodudingthédeaddbrach#mtnt t he e
0f ol i age heal t hothd remaiaingboageooting livefbramciies.e d o n

3.2.3 Foliage health assessment

Since the canopy condition 3 point assemsimmethod did not include a direct
assessment of foliage health, it was decideiddludea simple assessment of crown
foliage healtHor the sampled treesA 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 ratingtteefoliage health. It should be noted that foliage
health, like the three suryed 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 auwbioliage 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 Foliage health symptoms
description
5 Healthy Leaves green and abundant; very little leaf yellow

(some yellowing, leaf drop or other deteriorat
restrided to older leaves/branches lower in can
(inside the crown canopy)).

4 Signs of somd Some leaves yellowing, mostly healthy green.
stress
3 Significant stress| Leaf yellowing widespread, some defoliation (l¢
drop) and leaf necrosis.

2 Serious stress Leaf yellowing widespread; leaf necrosis may
significant in parts of crown.

1 Seriously Extensive leaf necrosis and defoliation in outer can
stressed/disease
tree; near death

16



3.3 Limitations of the GDV monitoring survey

The subjective nature chinopy conditiormssessmentsas a limitation for the

survey although this was mitigated to some extentdgular reference to the crown
assessment procedure diagramhis limitation of the assessment applied both within
anyone season of samplilhgtween siteandalsoin comparing data from different
seasonsPhotos of trees from previous surveys were usearaference when

making crown assessments.

Rulesonthepr t s of canopies used to assess Odeac
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 trafsates in

Boonanarring R (transect T2, Table 1; Figure 2), which were burnt in October.2015
Tree crowns at these sites were fire damaged to various exésui$ng in dead

branches andcorchedoliage and was responsible for subsequent epicormic growth.
At other sites, vershadowing by neighbouring trees also impacted crown assessment
factors.

3.4 Data analysis

Descriptive statistics, meaasd standard deviationserecalculatedor the Autumn

2022 tree Crown Assessment Index (CAI) and Foliage Health Index (FHIsdtda

Theywere also calculated f@omeotherselectpastmonitoring period data sets

check orconsistency ofesults. The Excel spreadshewas O6Pi vot 7
used to calculate the descriptive statistics

The data setusedfor the descriptive statistics this reporincluded trees that had

diedafterthe first premining survey (Spring 201%nd excludeanonitoringtrees

that were firstecordedafterthe Spring2015 survey. This was consistent with the

previousAutumn GDV monitoring repost but differed fronthe SpringGDV report

treatmentwhich optimisedSpring data comparisons (see Morgan, 202Uhen

monitoring trees died they were scoredbasr o 6 f or t he three el emer
condition assessme(dnd therefore zero for crown assessment inded)foliage

health assessmenft or some of this analysi s, data wa:
the Wetland GDV areas, sites were grouped bgvegat i on type O0site cl a
Terrestrial GDV areas, sites were groupesdbbly r e at mereted meha £s ah d
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0 ¢ o n twhavethé ynquantifiedd i st ance from mining envel

the6t r eat ment 6

StatPlus Pro V7 computer packgdgealystSoft, 2@1) was used to run@mparison

of pairedmeanssamplet-testto comparewhere possiblé) s a me Auwumrs o n 6
2016 (preminng)with Autumn 2@2 (postcommencement of mining/deatering)
crown assessmentdaxscoresand foliage healtindex scoreso test for significant
differences of thepairedmeans Thecomparison of meanstést was run separately
for each of the four monitoring locations/GDV Types (TableThe null hypothesis
waséGample means are eqdahd the null hypothesis was accepfetié ddstatistic
valuewasless than th€ritical Value(for a confidence limi of 5% two-tailed
hypothesis

The data set for the comparison of meatestwas edited to specifically suit
comparison of Autumn 2016 and Autumn 2@atasets andaried from that for the
calculation of the descriptive statistic¥he following déa criteria were used
1 excludedrees thatvere first recorded dead up to and includimg Autumn
2016 surveytrees that diedfterthe Autumn 2016 surveyere includegt
1 excluded trees that were first sampled atterAutumn 2016 surveyirfcluded
3trees first sampled in Autumn 2016 survey); and
1 excludingEucalyptus todtian&ree data, aBucalyptus todtian&rees only
occurred i n t héreaBremditdseThey drea grodiedivdter N R
dependent specie#\ special comparison of meantest was undertaken for
onlyE.todtianat r ees i n t he dBaimeniisies t 6s Wel |
fan additional set of o6t testsd were
only a subset of data was recorded in Autumn 2016 because one transect of
sites was burnt. A comparison of means betweemganeng Spring 2018
data (for which there was a coraf# set of data for ther Boonanarring sites)
and Autumn 2022 data included trees that dies after Spring 2018 and
excludedrees first recorded after Autumn 2022.
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4.0 RESULTS OF THE AUTUMN 2021 GDV MONITORING

4.1 General observationson site vegetation

Photographs of vegetation at all of the monitoring sites were taken for the
Autumn 2022 survey and are presented in this documedntg with paired pre
mining site photographs from the following surveys (Platés 78):
1 Spring201§ Bar t | et t WatlantM8DVIsited);R
T Spring 2017 (BadetlrestodosaWelGDVNRi tes; Co
sites), and
1 Spring 2018 (Boonanarring NR sites).
Thegeneralvegetation at thBoonanarring NRGDV sites (Plates-26),theBar t | et t 6 s
Well NR GDV sitegPlates 27to549 nd Col | ar ddés We®) and sites
appeared healthyNo newBanksiatree deaths were recorded during Awumn
2022 monitoring surveyTable 3) The last significant number &anksiatree deaths
(12 deaths) was recorded at the Boonanarri ng
the Autumn 2021 monitoring surveynderstoryshrubsat Boonanarring NR sites
were healthy.

The vegetation at t he BarcontiruedtapgearWel | NR W
healthy, with tree healtrand general vegetation heaithproving over timeat a
number of sites

The general vegetation at Coll ardds Wetl ani
number ofsites near the margins of the wetlamere partially inundated &be time of
the survey (sites CWB) CW(07 and CWL0) . Sever al of the central

sites continued to be very wet (inundated) and boggy, as they have been from the
commencement of monitoring in 201&attle tracks and trampling were noted at
CWO05and trampling was intense at CW10 (also shallow inundatibajn covers
increasing at sites CWO06 (still low cover) and CWO07 laasl become extensieg
CW08 CWO04 was again extremely boggy and wet, Witolepis proliferacover
increasing.*1solepis proliferacover is high at site CW1INumerousEucalyptus

rudis andMelaleuca preissian&rees inside and around the quadrat have fallen, with
most of those leaning on surrounding trees.
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4.2 Tree crownassessment and foliage health

4.2.1 General observations

While there was a total of 23rees scored in the Autumn ZD&DV survey
(including treesadded to th&DV monitoring after the Spring 2015 survanyd trees
that had died since monitoring stanteaitotal of 302 trees were includ@dthe
calculation of the tree crown assessment descriptive statistics

1 103trees in Boonanarring NR Terrestrial GDV sites;

T 72t rees i n Bartlettods Well NR Terrestria
M 32 trees in Bartlettods Well NR Wetl and
T %B5trees in Collardbés Wetl and GDV sites.

Tree canopy condition assessmentforedcht a and
tree forpremining andpostcommencement of miningurveys including

Autumn 2022 data,are presented in Apperdis2 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), averagwn foliage density (5) and none or an
occasional epicormic branchlettes (4 to 5)
would also indicate a moderately healthy tree crown. A crown assessment index

score of about 17 to 21 could be consideraegpoesent 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 sigghs 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 (CAl) and Foliage Heallbxr(FHI) vales are

shown by treat mereicd eand 6 @RNI5. Theprendsican Tabl es
be summarized as follows

Boonanarring NR (Terrestrial GDV)

The mean CAIl oBanksia attenuatandBanksia menziesirees in the two

0t r e attamerts (THand TZHave continued a longer term trend of decline to be

less tharmoderately healthgt the time of the Autumn 2@Zurvey(13.1 for all

0t r e adtaeg@able5a,h. A large decline in mean CAIl was recorded at the two
Otreattmaemdaeécts (O6T16 and O6T26) during the £
mostly duetothd eat h of 10 rt e eteme ldtnweeoSpsing@2@ Ot

and Autumn 2021 (Tablg; Table 4) MeanCAl of B. attenuataandB. menziesii

treeswas lowest in th€1 6 ¢ o n dite @NIR@3), mostly due tdhe death of 4 of the
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8 trees usetbr calculating the descriptive statistics for that §ltable3; Table 5.

Most deaths (3) occurred between Sgr2®15 and Autumn 2016 at that site.
Between Spring 2018 (p@i ni ng) and Autumn 2022 mean
sites actually increased from 10.1 to 18s/a result of CAl factors improving after

the 2015 fire MeanFHI levels were similar betweepring 2018 and Autumn 2022

(Table 5a, b). There was a decline in mean FHil bfr e adites betwedgn Spring

2018 and Autumn 2022, with the fall mostly occurring in Autumnli2fize to the

deaths of the 10 treestae6 t r e aditeme nt 0

Bartl et t @arestia@ GDY NR

The mean CAlob t r e adites@sidedined from55 in Autumn 2016 tdl34in

Autumn 202 (Table5a, B, although mean CAIl increased moderately from Spring

2021 (12.9) to Autumn 2022 levelshd& two largest declesin the mean CAI of

Ot r eat me n tedordeturingtise Autuenn 2019 and Autumn 20Xrveys

These declines wessociated with 3 tree deaths recordeekich othose years

(mean CAI declines of 0.8 and 0.9 respectiv&lgbles 4a, b and 5a).bThe decline

i n mean CAl between Autumn 2016 and Aut
sites (15.0 to 12.2) and moderate at tr
This | ar ge decl!l i mastlydue to Grdeddathsocaurang at site BWO1

CAl

umn
ans

outof atotaloflOtreed e at hs at Bar t(Table3).Mesan@dlhat NR si t e

al so declined moderately at o6control 6 s
ony two tree deaths recorded at o6écontro
The declinan mean CAlwas greatest for thBanksia attenuat&rees and moderate

for theEucalyptus todtian&rees(Table 4a, h) The mean CAl oBanksiaspp. trees

at thed antroldésitesand6 t r e attamsect T 8itdsremained in the moderately

healthy range in Autumn 2@Z150 and 1.7 respectively; Tabl®), but was at less

than the 6émoder at el y Simiaarendshayeoccuareddgngbd at
FHI,withl i tt 1l e or no decline i n mean FHI at
decline recorded across 0T406 sites (4.6

Bartl et t @stland&DY NR

Mean CAlhasincreasednoderatelyfrom Autumn 2016(14.3 to Autumn2022

(15.7) and is at O mode MeahFHI has bbea stdadlyh y 6 |
since Autumn 2016 monitoring and was at a high 4.7 in Autumn ¢Gitile 4)

Coll ardés Wetl and

it e:
| 6

6T4
6 C
t o

evel

Theme an CAI and FHI avalCwd d afr @drd sstiniflelt | tamale s & m

moderately healthyange, after declining from 15.1 in Autumn 2016 to 13.7 in
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Autumn 202 (Table4). Howeverwhile Melaleuca rhaphiophyll@rowns have

remai ned Overy healt hy 6o vbeespedtivelg)thergphasr i od ( C.
been a declinen mean CAJ from Autumn 2016 to Autumn 202in Melaleuca

preissianarees(14.8 to 12.9, Corymbia calophylldrees (12.1 to14) and

Eucalyptus rudisrees(14.0 to 118) (Table4). After declining significantly between

the Sping 2017 and Spring 2019 surveys (mean CAIl 12.1 to 1d&)xrown health

of Corymbia calophyllarees haveen steadgndimproved moderately over the last

two surveys.Eucalyptus rudisrees also declined significantly between the Spring

2017 and Spng 2019 surveys (mean CAl 13.3 to 9.8), angelaso recoveredver

the last few surveys to mean CAI of 11.8 in Autumn 202sble 4).

4.2.2 Results of the comparison of means paireetdst analysis

Thedetailedresults ofthe comparison of meapsired ttest analysis are shown in
Appendix4. The results were:

1 Boonanarring NR terrestri@DV trees. Therewas a significant decline in
themeanCAl and mean FHbf 6 t r e aditem &#amtSpring 2018 to Autumn
2022. There was naignificant changén meanCAIl or mean FHbf&o nt r ol 6
site trees over the same period.

T Bartlettds Wel Itreedl Rheteaasmignifitantdeelihein GD V
meanCAl of treesinthé t r e attamsectsi8 &nd T4 betweeAutumn
2016 toAutumn 2@2. This wasmostly attibutable to a number of trees
dying at the T4 siteBWO01. The impact of the deaths at site BW01 was
demonstrated in the Spring 2021 by excl |
which resulted in no significant change in the mean CAI of the ettes
(Morgan 2022).There was no significant change in the mean CAI of
Eucalyptus todtian&rees at the T3 and T4 transect sliesveen Autumn
2016 and Autumn 2022There was no significant difference in 84l and
FHI of thed ¢ o n gites bdtw@en Autumn 2016 and Autumn 202

T Bartlettdés Wel |l :NRrewastakignifichntiGciesseltetr e e s
meanCAIl and mean FHobf treesbetween th@re-mining Autumn 2016and
the Autumn 2@2 surveys indicating a significant improvemeint canopy
health

T Coll ardds We tTheaerwds a@iifivanttecreasés meanCAl
scoresnf Melaleuca preissianandEucalyptus rudisrees between Autumn
2016 and Autumn 2022. However, there was no significant difference in
mean CAI ofMelaleuca rhaphiophyllandCorymbia calophylldrees
between Autumn 2016 artde Autumn 2®@2.
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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,

BNPOO03S and BNP028S) in the period ug\fwil 2022 (Figure 5a). It is generally

considered thaBanlsia attenuatandBanksia menziesiir ees dondt access
groundwater at depths greater than 10 metres (Fretegig 2004). DTGW has been

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

At Bartlettods WSII(ndRr INWMerBEPODT Bartl e
site BWNRO1) and BNPO032S (upslope of the N
nearest site BWNRO3) were near the transect T4 (Figure 3). Bore BNP017S had a

DTGW of about 7.8 metres in December 2020, but has bewame blocked and cut

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

Banksia attenuatandBanksia menziesirees are considered to be pheatophytic
(groundwater using) at DTGW between 0 and 10 metres (Feteald2004),

although the greater the DTGW over this range, the loweBdin&siaspp.

requirement for groundwater and the greater their tolerance to groundwater decline.
Bore BNPO17S is adjacent to monitoring site BWNRO1, whdBariksiatree deaths
have beemecorded since Spring 281 Three deaths were recorded at that site in the
Autumn 2020 surveyBanksiadeaths on the Gnangarra mound were associated with
rapidincreasesn DTGW (Water Authority of WA, 1992). It can beesethat the

DTGW levels in bor&8NP032S have bednirly consistensince November 2018

when readings began and those in bore BNPO17S were consistent from May 2016 up
until DTGW became unmeasurable after December 2020 (Morgan 2021b). This
suggests that changes in DTGW have not beertiadsd with théBanksiadeaths at
BWNRO1 (Figure 5b).

Bores CMWO01 (near monitoring site CW04) and CSWO01 (near site CW11) were

| ocated in the wetter central part of Col
2020, had DTGW levels that had tracked closefjether 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 levelsThe water level at bore CNWOL1 ing central north area of

Coll arddéos Wetland was wel | north of the nol
DTGW there was a little greater (25cm in May 2016) and fluctuated more than the

DTGW at the ot her CoDTGW had sieadilyodecrsedsat ( Fi gur e
CNWOL1 to be close to the surface in December 2021 making a wetter profile. The
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DTGW trends in the Coll ardds Wetl|l and bores
slightly wetter since May 2016. Figure 5c also shows that the DTGW was

considerably great at Bores CN0O0O1, CM001 and CS001, which are located in the

dry and more el evated paddock adjacent to
(Figure5c).
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Table 3. Banksias p p .
data analysis (tree deaths after Spring 2015 survey)

deat hs

at Boonanarring NR an dnclBledrinttHe dutumid 2022We |

N R

Site

AUT
2016

SPG
2017

First monitoring survey in which Banksiaspp. deaths occurred

SPG | AUT | SPG | AUT | SPG | AUT | SPG | AUT
2018 | 2019 | 2019 | 2020 | 2020 | 2021 | 2021 | 2022

Total

Bartl ettods:

We

BWO1 (T4)

1 3 1

BWO3 (T4)

BWO4 (C)

BWO5 (T3)

BW13 (T3)

BW14 (C)

RlR| R R RO

Total

Boonanarring NR sites:

BNRO1 (T1)

BNRO2 (T1)

N

BNRO3 (C)

BNRO4 (T1)

BNRO5 (T1)

BNRO6 (T1)

BNRO7 (C)

RPlR Rk

BNRO10 (T2)

BNRO11 (T2)

=

BNRO13 (T2)

WP R R NP DN~

Total

[
©

25

t

e

r



Table 4a. Meancrown assessmenindex 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 intoaftenit@riggring
2015 survey (see Appendic2&3 for all datg). Some Springndices vary from theata presented in tlsame tald in the Spring 201 GDVM report (Table
5; Morgan, 202) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate tQ that report
Crown Assessment Index Foliar Health Index

Tree speciesby Nos | Spring 2015| Autumn Spring 2017 | Spring 2018 | Spring 2015| Autumn Spring 2017 | Spring 2018

6si tseb cl |trees 2016 2016
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Boonanarring NR 103
Terrestrial GDV 103| 15.6| 2.6] 139| 58| 13.8( 58| 135( 51 45| 0.6 39| 15 38| 14 43| 1.2
Sites
Bao 60 154] 3.0 14.1| 5.1 14.3| 5.2 134 49 46| 0.6 41| 1.3 40| 1.3 441 11
Bmp 43| 159| 18| 134 6.9| 13.0| 6.8] 13.6| 54 44| 0.6 34| 1.8 3.3| 1.7 43| 1.3

Bartlettoddq 104
Terrestrial GDV

Sites 72| 16.0| 28| 15.6| 35| 15.3| 3.8 48| 04| 45| 09| 44| 09
Ba 56| 16.1| 2.8| 15.6| 3.7| 15.2| 4.1 48| 04| 44| 09| 43| 1.0
Bm 4| 158| 25| 158| 25| 16.3| 15 43| 05| 38| 05| 38| 05
Et 12| 15.3| 29| 153| 29| 154]| 29 50| 0.0 50| 0.0| 5.0| 0.0
Wetland GDV

Sites 32| 148| 47| 143| 46 44| 08| 42| 09

Cc 3| 17.7| 12| 17.0| 0.0 47| 06| 47| 06

Mp 29| 145| 48| 140| 48 44| 08 42| 0.9

Coll ardo6s 95

Wetland GDV
Sites 95| 15.6| 3.1]| 15.1| 3.2] 14.6| 3.6 47| 0.5 47| 0.5 46| 0.6
Cc 8| 12.8| 27| 121| 27| 121 34 44| 0.5 45| 0.5 43| 0.5
Er 26 14.1| 2.7 14.0( 2.6 13.3| 3.3 47| 0.5 46| 05 44| 0.7
Mp 36| 15.4| 3.0 14.8| 34| 143| 41 47| 0.6 47| 0.5 46| 0.6
Mr 25 18.1 1.4 175 1.8 17.0( 1.4 50| 0.0 5.0 0.2 5.0 0.2

a Ba:Banksia attenuataBm: Banksiamenziesii Cc:Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianavr: Melaleuca rhaphiophylla
b Spring 2015, Autumn 2016 and Spring 2017 Boonanarring datameilydiesConrol C1 andiransect T daa; Spring 2018 onwardscludes 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 afterthe Spring 2015 survey (see Appendi2&Ss for all datg). Some Spring indices vary from the data presented in the same table in the Spr
2021 GDVM report (Table 5; Morgan, 2022) because that report used a data set with different aead tieeinclusion/exclusion dates, appropriate to that
report.)

Crown Assessment Index Foliar Health Index
Tree specieshy Nos Autumn Spring 2019| Autumn Spring 2020| Autumn Autumn Spring 2019| Autumn Spring 2020| Autumn
6site clltrees 2019 2020 2021 2019 2020 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 103| 13.4| 52| 13.6| 50| 14.0f 50| 140 | 54| 123 | 6.7 42| 1.2 41| 1.2 42| 13| 41 1.3 3.6 1.8
Sitey

Bav 60| 13.2| 53| 134 51| 13.8| 51| 136 | 55| 115 | 6.9 42| 1.2 42| 1.2 42| 13| 41 1.4 3.5 1.9
Bmy 43] 13.6| 5.1| 13.8| 50| 14.4| 49| 146 | 51| 135 | 6.3 42| 1.3 41| 1.2 42| 13| 4.2 1.3 3.7 1.6

Bartlettod 104

Terrestrial GDV 72 14.7 | 4.7 146 5.0| 14.0| 5.7| 13.8 | 6.1 | 13.8 | 6.0 | 4.2 1.2 41| 1.3 40( 15] 4.1 1.6 3.9 1.7
Sites

Ba 56 145 | 5.2 145| 53| 13.7| 6.2| 134 | 6.6 | 13.3 | 6.6 | 4.0 1.4 40| 1.4 38| 1.7] 3.9 1.8 3.7 1.8
Bm 4 158 |15 158 15| 163| 10| 170 | 16| 16.3 | 1.5]4.0 0.0 40| 0.0 45| 0.6] 4.5 06| 45 0.6
Et 12 150 | 3.1 148 3.7| 149| 43| 144 | 46| 151 | 3.3 |4.8 0.4 48| 0.4 48| 05| 4.8 05| 4.8 0.4
Wetland GDV 32 149 |38 14.8| 39| 152| 39| 156 | 41| 153 | 3.9 |4.4 0.9 43| 0.9 46| 0.8]| 4.4 10| 4.4 1.0
Sites

Cc 3 17.0 | 0.0 16.3| 12| 16.0| 1.7| 163 | 1.2 ]| 163 | 1.2 |5.0 0.0 47| 0.6 47| 0.6 4.7 06| 4.3 0.6
Mp 29 14.7 | 3.9 147 40| 15.1| 40| 155 | 43| 152 | 41 | 4.3 0.9 43| 0.9 46| 08| 4.3 10| 44 1.0

Col l ardos 95

Wetland GDV 95 13.8 | 4.0 |13.3 (4.3 |135 |46 135 | 44| 13.7 | 45| 4.6 0.7 |45 0.7 | 4.8 0.7 4.6 0.7 4.6 0.8
Sites

Cc 8 11.3 | 3.8 |10.3 (35 | 105 | 3.7 10.6 | 35| 104 | 40 | 4.4 05 |44 0.5 | 4.6 0.5 4.3 0.5 4.3 0.5
Er 26 10.8 [ 3.3 | 9.8 36 |10.2 |43 109 | 42| 114 | 46 | 4.2 09 | 4.0 0.8 | 4.6 1.1 4.7 1.0 4.3 1.3
Mp 36 142 |38 |13.8 [(4.0 |13.6 |4.0 131 | 41| 13.2 | 40 | 4.7 0.7 | 4.6 0.6 | 4.7 0.5 4.4 0.7 4.6 0.6
Mr 25 171 (14 170 |15 |17.7 | 1.7 176 | 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 attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
b b Spring 2015, Autumn 2@land Spring 2017 Boonanarring data only includes Conrol C1 and Transect T1 data; Spring 2018 onwards includes C1, T2dath #se€le 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 afterthe Spring 2015 survey (see Appendi2&S for all datg).

Crown Assessment Index Foliar Health Index
Tree speciegby Nos | Spring 2021 Autumn Spring 2021 Autumn
6site clftrees 2022 2022
Mean | SD | Mean | SD Mean | SD | Mean | SD

Boonanarring NR 103

Terrestrial GDV 103| 124 | 66 | 125 | 6.7 39 [ 19| 40 | 19
Sites,

Ba 60 116| 69| 11.8| 6.9 39| 21| 38| 20
Bmy 43| 135| 6.2| 135| 6.3 41| 18] 42| 17
Bartlettoddq 104

Terrestrial GDV 72 136 | 6.0 | 139 | 6.1 41 [ 17| 42 [ 17
Sites

Ba 56 13.3 |66 | 136]| 6.7 3.9 |19 40| 1.9
Bm 4 158 |15 | 16.3| 15 48 |05 45| 0.6
Et 12 140 |36 | 146]| 3.6 49 |03 50| 0.0
Wetland GDV 32 155 | 42| 157 | 4.2 44 10| 47 | 09
Sites

Cc 3 16.0 |17 | 16.3| 1.2 43 |06 50| 0.0
Mp 29 154 |44 | 156| 4.4 44 |10 46| 1.0
Col l ardos 95

Wetland GDV 95 136 | 42| 137 | 44 45 [ 08| 48 [ 08
Sites

Cc 8 109 |3.8 |11.4 | 4.0 45 |05 |45 |05
Er 26 11.3 |41 118 |47 42 |13 |43 |13
Mp 36 13.1 |35 |12.9 |38 44 |06 |50 |02
Mr 25 17.4 |21 |176 |1.8 48 |04 |50 |00

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
b b Spring 2015, Autumn 2016 and Spring 2017 Boonanarring data only includes Conrol C1 and Transect T1 data; Spring 8818ctudesgrC1, C2, T1 and T2 data (see Table 5a).
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Table 5a. Meancrown assessmenndex and foliar health index values by tree speciesfr e at medg i6t dyc | as s 6
Pre-mining data. (From dataset that included trees that dier Spring 2015 surveand excluded tredbhat were introduced into monitoriradterthe Spring
2015 surveg (see Appendiced&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM report (T
Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclysipproatéste to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
0Treat men| of
cl as s 06 |trees
Spring 2015| Autumn Spring 2017 | Spring 2018 | Spring 2015| Autumn Spring 2017 | Spring 2018
2016 2016
Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Boonanarring NR 103
Terrestrial GDV Sites | 103 | 156 | 26 | 139 | 58 | 138 | 58| 135 | 51| 45 | 06| 39 | 15| 38 | 14| 43 | 1.2
Cl 8 138 | 21| 84 | 74| 86 | 76| 76 | 69| 40 | 08| 25 | 21| 25 21| 23 |19
Ba 5 132 | 19| 100 | 62| 104 | 65| 88 | 56| 40 | 07| 32 | 18| 32 | 18| 28 | 16
Bm 3 147 | 25| 57 | 98| 57 | 98| 57 | 98| 40 | 10| 13 | 23| 13 | 23| 13 | 23
C2 19 11.1 | 55 47 | 05
Ba 9 10.9 | 5.9 48 | 0.4
Bm 10 11.3 | 5.5 47 | 05
C ALL 27 10.1 | 6.1 40 | 1.6
T1 36 | 160 | 26| 151 | 46| 150 | 47| 145 | 52| 47 | 05| 42 | 12| 40 | 11| 42 | 14
Ba 23 | 159 | 3.0 | 150 | 45| 151 | 46| 143 | 53| 48 | 04| 43 | 11| 42 | 11| 43 | 14
Bm 13 | 162 | 16| 152 | 50 | 147 | 51| 149 | 53| 45 | 05| 38 | 14| 37 | 12| 40 | 1.3
T2 40 14.9 | 2.7 47 | 05
Ba 23 14.4 | 2.9 4.7 | 05
Bm 17 15.4 | 2.3 48 | 04
TALL 76 14.7 | 4.1 44 | 1.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleucapreissiana Mr: Melaleuca rhaphiophylla
bOTreat ment sod. T: transect s; C: control sites; bxegetationBraupitgs.et t 6s Wel |l wetl and ve
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Table 5a (cont). Mean crown assessment index and foliar healthdex values by tree speciesby Tr eat me& it tbe byl as s 6
Pre-mining data. (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced intoaftenit@riggring
2015 survey (see Appendic2&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM report (T
Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, agheipaats.}o

Tree specieshy Nos Crown Assessment Index Foliar Health Index
0Treat men]| of
cl as s 06 |trees
Spring 2015| Autumn Spring 2017 | Spring 2018 | Spring 2015| Autumn Spring 2017 | Spring 2018
2016 2016
Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Bartlettobs 104
Terrestrial GDV Sites 72 | 16,0 | 28| 156 | 35| 153 | 3.8 48 | 04| 45 | 09| 44 | 0.9
C 22 | 165 | 1.8 | 159 | 29| 154 | 4.2 47 | 06| 42 | 09| 43 | 11
Ba 19 | 164 | 1.9 | 157 | 3.1 | 151 | 45 47 | 06| 43 | 09| 44 | 1.2
Bm 3 17.0 | 0.0 | 17.0 | 0.0 | 17.0 | 0.0 43 | 06| 37 | 06| 37 | 06
T3 21 | 1666 | 29| 16.0 | 47| 158 | 45 50 | 02| 46 | 11| 44 | 11
Ba 15 | 178 | 18| 171 | 49| 167 | 4.8 49 | 03] 44 | 13| 42 | 1.3
Et 6 135 | 30| 135 | 30| 13.7 | 3.1 50 | 00| 50 | 00| 5.0 | 0.0
T4 29 | 152 | 31| 150 | 3.0 | 14.9 | 2.9 49 | 04| 46 | 06| 44 | 06
Ba 22 | 148 | 33| 146 | 32| 143 | 31 49 | 04| 45 | 07| 43 | 06
Bm 1 12.0 na 12.0 na 14.0 na 4.0 na 4.0 na 4.0 na
Et 6 172 | 1.0 | 172 | 1.0 | 172 | 1.0 50 | 00| 50 | 00| 50 | 0.0
TALL 50 | 15.8 | 3.1 | 155 | 3.8 | 153 | 3.7 49 | 03| 46 | 09| 44 | 09
BW Wetland GDV Sites | 32 | 148 | 4.7 | 143 | 4.6 44 | 08| 42 | 0.9
bCcMp 8 18.3 | 1.0 | 173 | 1.3 49 | 04| 48 | 05
Cc 3 17.7 | 1.2 | 17.0 | 0.0 47 | 06| 47 | 0.6
Mp 5 186 | 0.9 | 17.4 | 1.7 50 | 0.0 | 4.8 | 0.4
bMp 20 | 143 | 47| 142 | 48 43 | 08| 41 | 0.9
Mp 20 | 143 | 47| 142 | 438 43 | 08| 41 | 0.9
bMpMI 4 10.8 | 53| 9.3 | 41 43 | 10| 38 | 1.0
Mp 4 10.8 | 53| 9.3 | 41 43 | 10| 38 | 1.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbiacalophyllg Er: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreat ment so. T: transects; C: control sites; bxegetation@eupirigs.ett 6s Well wetl and ve
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Table 5a (cont). Mean crown assessment index and foliar health index values by tree specie®byr e at me it tbe byl as s 6
Pre-mining data (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced intoaftenib@&iggring
2015 survey (see Appendic2&3 for all datg). Some Spring indices vary from the data presented in the saraertdbé Spring 2021 GDVM report (Table 5;
Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, agheipaptatd

Tree specieshy Nos Crown Assessrent Index Foliar Health Index

0Treat men| of
cl as s 06 |trees
Spring 2015| Autumn Spring 2017 | Spring 2018 | Spring 2015| Autumn Spring 2017 | Spring 2018
2016 2016
Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Coll ardds W
Wetland GDV Sites 95 | 156 | 3.1 | 151 | 3.2 | 146 | 3.6 47 | 05| 47 | 05| 46 | 06
cCcEr 22 | 134 | 25| 127 | 27| 12.0 | 35 45 | 06| 45 | 05| 43 | 0.6

Cc 8 128 | 27| 121 | 27| 12.1 | 3.4 44 | 05| 45 | 05| 43 | 05

Er 1 150 | na | 170 | na | 150 | na 50 | na| 50 | na| 50 | na

Mp 13 | 136 | 24 | 127 | 26 | 116 | 3.7 45 | 07| 44 | 05| 43 | 0.6
CErMp 31 | 150 | 2.1 | 144 | 23| 140 | 25 46 | 06| 46 | 05| 46 | 0.6

Er 15 | 148 | 21| 143 | 23| 140 | 2.6 45 | 05| 45 | 05| 46 | 05

Mp 15 | 150 | 21| 143 | 24| 139 | 25 47 | 06| 47 | 05| 47 | 07

Mr 1 17.0 na 16.0 na 14.0 na 5.0 na 5.0 na 5.0 na
cMp 8 193 | 1.7 | 194 | 1.8 | 195 | 1.8 50 | 00| 50 | 00| 50 | 0.0

Mp 8 19.3 | 1.7 | 194 | 1.8 | 195 | 1.8 50 | 00| 50 | 00| 50 | 0.0
cMr 34 166 | 3.2 | 16.3 | 3.0 | 156 | 3.3 50 | 02| 49 | 04| 47 | 0.6

Er 10 | 13.0 | 34| 131 | 29| 122 | 41 49 | 03| 46 | 05| 40 | 08

Mr 24 | 182 | 14| 176 | 1.8 | 171 | 1.2 50 | 0.0| 50 | 02| 50 | 0.2

a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtiana
Mp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreatmenesbdbs; TC:tcansrol sites; bxxx: Bartlettdés Well wetland vegetation group
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Table5b. Mean crown assessment index and foliar health index values by t

Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessmesd comm

after the Spring 2015 survey (see Appendz&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tireeinelusion/exclusion dates, appropriate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Autumn Spring 2019 | Autumn Spring 2020 | Autumn Autumn Spring 2019 | Autumn Spring 2020 |  Autumn
6site cltrees 2019 2020 2021 2019 2020 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| 136| 50| 14.0| 50| 14.0| 54| 123| 67| 42| 12| 41| 12| 42| 13| 41| 13| 36| 1.8
Cl 8 65| 7.4 6.6| 7.5 6.6| 7.5 6.3| 7.1 6.0| 6.6 1.9| 2.0 20| 21 20| 2.1 23| 24 20| 2.2
Ba 5 7.0| 6.9 72| 7.0 72| 7.0 6.6| 6.4 6.6 6.2 22| 20 24| 2.2 24| 2.2 26| 24 24| 2.3
Bm 3 57| 9.8 57| 9.8 57| 9.8 57| 9.8 50| 8.7 13| 2.3 13| 2.3 13| 2.3 1.7| 2.9 1.3| 2.3
C2 19| 11.2| 52| 11.7| 42| 12.6| 34| 122| 37| 11.8| 43| 47| 05| 46| 06| 46| 05| 48| 04| 42| 1.2
Ba 9| 109| 59| 11.7| 47| 12.6| 3.7| 12.3| 46| 12.6| 4.2 47| 05 48| 04| 47| 05 49| 03 47| 05
Bm 10| 115| 47| 11.8| 4.0| 126]| 3.2| 121| 29| 11.2| 46 48| 04| 44| 07 46| 05 48| 04 38| 15
CALL 27 98| 6.2 10.2| 58| 10.8| 55| 104| 56| 10.1| 5.7 39| 1.7 38| 1.7 39| 1.7 41| 1.8 36| 1.8
Tl 36| 146| 52| 148| 51| 150| 53| 151| 54| 124| 7.7 40| 1.3 41| 1.3 42| 14 42| 1.4 34| 2.0
Ba 23| 143] 53| 14.4| 52| 148| 54| 147| 53| 10.7| 8.2 40| 1.3 41| 14| 43| 14 43| 15 3.0| 2.3
Bm 13| 15.2| 5.1| 154| 52| 155| 53| 156| 56| 155| 5.6 39| 1.3 40| 1.3 42| 1.3 40| 14 40| 1.3
T2 40| 14.7| 3.0| 148| 32| 154| 31| 155| 4.1| 13.8| 6.1 45| 05 45| 0.6 44| 06 42| 0.9 38| 15
Ba 23| 143| 34| 145| 39| 147| 36| 145| 50| 13.0| 6.1 45| 05 45| 0.6 43| 06 40| 1.1 38| 1.6
Bm 17| 15.1| 2.3| 15.2| 2.0| 16.2] 1.9| 16.8| 1.9| 14.9| 6.0 45| 05 44| 05 46| 05 44| 05 38| 15
TALL 76| 14.6| 4.2| 14.8| 4.2| 15.2| 4.2| 153| 4.7| 13.1| 6.9 43| 1.0 43| 1.0 43| 1.0 42 1.2 36| 1.8

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalypts todtiana Mp: Melaleuca preissianavr: Melaleuca rhaphiophylla
bOTreat ment so.

T: transect s;
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Table5bh. Mean crown assessment index and foliar health index values by t

Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessmesd comm

after the Spring 2015 survey (see Appendz&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tireeinelusion/exclusion dates, appropriate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
O6Treat men of Spring 2021 | Autumn Spring 2021 | Autumn
cl as s 0|trees 202 202
Mean | SD | Mean | SD Mean | SD | Mean | SD
Boonanarring NR 103
Terrestrial GDV Sites 103| 12.4]| 66| 125| 6.7 39| 19| 40| 1.9
Cl 8| 6.3| 69| 65| 7.3 24| 26| 23| 24
Ba 5| 6.8| 64| 7.0| 66 28| 26| 26| 24
Bm 3] 53| 92| 57| 98 17| 29| 17| 29
C2 19| 12.4| 44| 125| 4.3 47| 12| 46| 1.2
Ba 9| 129| 39| 13.7| 3.7 50| 00| 49| 03
Bm 10| 11.9| 50| 115| 48 44| 16| 43| 16
CALL 27| 10.6| 5.9| 10.7| 5.9 40| 20| 39| 19
Tl 36| 12.3| 76| 12.4| 7.7 36| 21| 37| 22
Ba 23| 107| 83| 106| 8.2 33| 24| 33| 24
Bm 13| 15.2| 54| 15.8| 5.6 42| 13| 45| 1.4
T2 40| 13.7| 6.0| 13.8] 6.0 42| 17| 42| 17
Ba 23| 13.1| 6.1| 13.4| 6.2 42| 17| 42| 17
Bm 17| 145| 6.0| 14.2| 59 42| 18| 43| 17
TALL 76| 13.0| 6.8| 13.1| 6.8 39| 19| 4.0/ 1.9

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalypts todtiana Mp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; C: control sites; bxegetationBraupitgs.ett 6s Well wetl and ve

33



Table5b (cont). Mean c¢crown assessment index and foliar health. index values b

Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessmesd comm

after the Spring 2015 survey (see Appendz&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tireeinelusion/exclusion dates, appropriate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Autumn Spring 2019 | Autumn Spring 2020 | Autumn Autumn Spring 2019 | Autumn Spring 2020 |  Autumn
6site cltrees 2019 2020 2021 2019 2020 2021
Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Bartlettos 104
Terrestrial GDV Sites 72| 147| 47| 146| 50| 140| 57| 138| 61| 138| 60| 42| 12| 41| 13| 40| 15| 41| 16| 39| 17
C 22| 15.0| 51| 153| 52| 154| 52|152 |5.2 15.0| 51| 40| 14| 40| 14| 41| 14|44 1.5 43| 15
Ba 19| 14.8| 54| 152| 56| 153| 56149 |55 148| 55| 40| 15| 40| 15| 41| 15|44 1.6 43| 1.6
Bm 3| 163| 12| 163| 1.2| 16.3| 1.2/17.0 |20 16.0| 1.7] 4.0| 00| 4.0| 00| 47| 06|47 |06 43| 0.6
T3 21| 14.7| 57| 145| 59| 142| 58|14.9 |6.2 14.7| 56| 40| 14| 41| 15| 42| 15|44 1.5 41| 1.4
Ba 15| 15.3| 6.4| 152| 6.4| 148| 6.1|155 |64 | 151| 63| 3.8| 16| 3.9| 17| 39| 17|42 1.7 39| 1.6
Et 6| 13.3| 37| 12.8| 46| 12.8| 52|132 |59 135| 35| 47| 05| 47| 05| 50| 00|48 |04 47| 05
T4 29| 14.4| 38| 14.2| 40| 128| 60|119 |6.4 | 123| 67| 44| 10| 42| 11| 36| 1.7/36 |17 36| 1.9
Ba 22| 13.8| 4.2| 135| 44| 115| 6.3]|10.7 | 6.8 10.9| 71| 42| 11| 40| 12| 34| 18|32 1.9 31| 2.0
Bm 1 14.0| na 14.0| na 16.0| na | 17.0 na 17.0| na 40| na 40| na 40| na | 4.0 na 50| na
Et 6| 16.7| 08| 16.7| 0.8| 17.0| 1.8|157 |28 16.7| 23| 50| 00| 50| 00| 45| 05|47 |05 50| 0.0
TALL 50| 145| 46| 14.3| 49| 134| 59| 13.2 | 6.4 13.3| 6.3 42| 1.2 42| 1.3 39| 16|39 1.7 38| 1.8
Wetland GDV Sites 32| 149| 38| 148| 39| 152| 39|156 |41 | 153| 39| 44| 09| 43| 09| 46| 08|44 |10 44| 1.0
bCcMp 8| 17.0| 00| 16.8| 07| 16.9| 1.4|175 |14 | 173| 13| 49| 04| 49| 04| 49| 04|49 |04 48| 05
Cc 3| 17.0] 00| 16.3] 1.2| 16.0| 1.7]16.3 [1.2 16.3| 1.2|] 5.0| 00| 47| 06| 47| 06|47 |0.6 43| 0.6
Mp 5| 17.0/ 0.0| 17.0/ 0.0| 17.4| 09]182 |1.1 17.8| 11| 48| 04| 50| 00| 50| 00|50 |00 50| 0.0
bMp 20| 149| 38| 15.0| 3.8| 154| 39|155 |45 152 43| 42| 11| 42| 10| 45| 09|42 1.2 42| 1.2
Mp 20| 149| 3.8| 150| 3.8| 154| 3.9|155 |45 152 43| 42| 11| 42| 10| 45| 09]4.2 1.2 42| 1.2
bMpMI 4| 11.0| 50| 10.3| 48| 11.0| 47|123 |36 12.0| 38| 45| 06| 40| 08| 43| 05|45 |06 45| 0.6
Mp 4| 11.0| 50| 103| 48| 11.0| 47|123 |3.6 12.0| 38| 45| 06| 40| 08| 43| 05|45 |06 45| 0.6

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptis todtiana Mp: Melaleuca preissianavr: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; C: control sites; bxegetationBraupitgs.ett 6s Wel |l wetl and ve
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Table 5b (cont). Meancrownassessmen i ndex and foliar health index values by tree spe

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

after the Spring 2Ib survey (see Appendic2&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusiardakes sippropriate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Spring 2021 | Autumn Spring 2021 | Autumn
6site cltrees 2022 2022

Mean | SD | Mean | SD Mean | SD | Mean | SD

Bartlettos 104
Terrestrial GDV Sites 72| 136| 6.0| 13.9]| 6.1 41| 17| 42| 17
C 22| 152| 5.1| 15.0| 5.1 44| 15| 43| 15
Ba 19| 15.1| 55| 149| 55 43| 16| 43| 16
Bm 3| 16.0| 1.7| 16.0| 1.7 47| 06| 43| 06
T3 21| 14.2| 58| 149| 6.0 45| 15| 45| 15
Ba 15| 149| 6.2| 157| 65 43| 18| 43| 1.8
Et 6| 127]| 48| 13.0| 4.3 48| 04| 50| 00
T4 29| 11.9| 65| 12.2| 6.7 37| 20| 39| 20
Ba 22| 108| 7.1| 11.0| 7.2 33| 21| 35| 2.2
Bm 1| 15.0| na | 17.0] na 50| na 50| na
Et 6| 153| 15| 16.2] 1.8 50| 00| 5.0/ 0.0
TALL 50| 12.9| 6.2| 13.4| 6.5 40| 18| 41| 18
Wetland GDV Sites 32| 155| 42| 157| 4.2 44| 10| 47| 09
bCcMp 8| 17.4| 17| 175| 1.4 46| 05| 5.0| 00
Cc 3| 16.0] 1.7] 163| 1.2 43| 06| 5.0/ 00
Mp 5| 182] 11| 182] 11 48| 04| 50| 00
bMp 20| 15.6| 4.4| 15.8| 45 43| 1.2 46| 1.1
Mp 20| 15.6| 44| 158| 45 43| 12| 46| 11
bMpMI 4| 11.0| 34| 115| 37 40| 08| 43| 05
Mp 4| 11.0| 34| 115| 37 40| 08| 43| 05

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla

bOTreat ment so. T: transect s; C: control sites; bxegetationBraupitgs.ett 6s Well wetl and ve
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Table 5b (cont). Meancrowna s e s s ment
Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment comm

ndex

and

f ol

ar

heal

t h

iorsd e x2 wdlasessd by

tree

after the Spring 2015 survey (see Appendz&3 for all datg). Some Spring indices vary from the data presented in the same table pnitige2821 GDVM
report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exs|usppnogaiate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Autumn Spring 2019 | Autumn Spring 2020 | Autumn Autumn Spring 2019 | Autumn Spring 2020 |  Autumn
0siteae cltrees 2019 2020 2021 2019 2020 2021
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Coll ardbés W
Wetland GDV Sites 95| 13.8| 40| 133| 43| 135| 46|135 |44 | 137| 45| 46| 07| 45| 07| 48| 07|46 |07 | 46| 08
CcCcEr 22| 11.7| 38| 111 37| 11.2| 36|11.2 [3.7 | 110| 36| 43| 08| 43| 07| 45| 06|42 |07 | 44| 06
Cc 11.3] 3.8 10.3| 35 105 3.7 10.6 | 3.5 10.4| 4.0 44| 05 441 05 46| 05|43 0.5 43| 05
Er 1] 150| na | 14.0| na | 14.0| na |14.0 |na | 14.0| na 50| na 40| na 50| na | 5.0 |na 50| na
Mp 13 11.7| 3.9 11.4] 3.9 11.4| 3.6|11.3 | 3.9 11.2| 3.6 42| 0.9 43| 0.9 45| 0.7|4.2 0.8 441 0.7
CErMp 31| 125| 28| 11.6| 34| 115| 3.8|11.3 |35 | 11.8| 3.4| 46| 07| 44| 07| 47| 09|45 |10 | 44| 1.0
Er 15 10.9] 2.9 9.7| 3.6 99| 4.4|10.4 | 4.3 11.1) 4.2 43| 0.8 4.1 0.7 45| 13|45 1.3 43| 1.3
Mp 15| 13.9| 1.9| 13.3| 21| 12.7| 24[11.9 |23 | 12.1| 22| 49| 04| 47| 05| 48| 04|44 |06 | 45| 06
Mr 1| 140| na | 14.0| na | 17.0| na [ 17.0 | na 17.0| na 50| na 50| na 50| na | 5.0 na 5.0| na
cMp 8| 189| 1.7| 189| 1.7| 19.0| 19185 |16 | 18.6] 1.8 50| 0.0 50| 0.0 50| 00/49 |04 5.0/ 0.0
Mp 8 189| 1.7 189| 1.7 19.0| 191|185 |1.6 18.6| 1.8 50| 0.0 50| 0.0 5.0/ 0.0|4.9 0.4 5.0| 0.0
cMr 34| 152| 39| 149| 42| 155| 43|158 |3.9 | 159| 42| 47| 07| 46| 08| 49| 0449 |02 ]| 48| 09
Er 10 10.3| 3.8 9.6| 3.8 10.3| 4.3|11.4 |4.2 11.6| 55 39| 1.0 3.7| 0.9 47| 07|48 0.4 43| 1.6
Mr 24 17.3| 1.2 171 1.4 17.7| 171|176 | 1.7 17.8| 1.5 50| 0.0 50| 0.0 5.0/ 0.0]5.0 0.0 5.0/ 0.0
a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtiana
Mp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; (O control sites; b x egetation Braupings.et t 6 s Wel |l wetl and ve
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Table5b (cont). Mean crown assessment index and foliar hebaslitthe icnldaesxs év.al ues b

Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessmesd comm

after the Spring 2015 survey (see Appendz&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tireeinelusion/exclusion dates, appropriate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Spring 2021 | Autumn Spring 2021 | Autumn
6site cltrees 2022 2022
Mean | SD | Mean | SD Mean | SD | Mean | SD
Coll ardds W
Wetland GDV Sites 95| 13.6| 42| 13.7| 4.4 45| 08| 4.8| 0.8
cCcEr 22| 11.3| 32| 11.3| 37 44| 06| 48| 04
Cc 8| 109| 38| 11.4| 4.0 45| 05| 45| 05
Er 1| 15.0| na | 15.0| na 50| na 50| na
Mp 13| 11.3| 3.0| 11.0| 3.7 42| 06| 49| 03
CErMp 31| 11.6| 29| 11.7| 3.2 42| 10| 46| 1.0
Er 15| 109| 35| 11.1| 4.0 41| 12| 43| 1.3
Mp 15| 11.9| 17| 11.9| 2.2 43| 0.6 50| 0.0
Mr 1| 17.0| na | 16.0| na 50| na 50| na
cMp 8| 18.1| 18| 179| 1.6 48| 05 50| 0.0
Mp 8| 18.1| 1.8| 17.9| 1.6 48| 05| 5.0| 00
cMr 34| 15.7| 42| 16.1| 4.1 46| 09| 48| 0.9
Er 10| 11.6| 51| 125| 58 42| 15| 43| 16
Mr 24| 175| 21| 17.7| 1.8 48| 04| 5.0]| 0.0

a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtiana
Mp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; (O control sites; b x egetation Braupings.et t 6 s Wel |l wetl and ve
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5.0 SUMMARY AND DISCUSSION

The meantree CAland-FI of trees at Boonanarring NR GDV 0
between Autumn 2016 and Autumn 2022 due to a large number of tree deaths (10 deaths at the
Otreatmentd sites) that occurred b@8&dnksesppn t he S
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
samplet est of trees at Bootnda nsairtreisn g hN\aR GIx\c | dutdreeda t
Banksia attenuatandBanksia menziesiir ees at Boonanarring NR GDV ¢
moderately healthy at Autumn 2022, as indicated by a mean CAI of 16.2 (Apgéndlizhile mining
commenced after Deg®er 2021 at Pit D (adjaceamnd west oBoonanarring NR monitoring

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

adjacent to the monitoring sites (Figure 5a).

NineBanksias pp. deat hs aR TBearrrtel settrtidbaslt "N®eQA Vsies)\siicdés ( 7 a
Autumn 2016, has been the principal factor in a significant decrease in mean CAIl. This was
particularly the case for the T4 transect in the Autumn 2020 survey wBeank3ia attenuatérees

were foundo have died at one site (BWNRO1). FBanksia attenuat&rees have now died at site
BWNRO1 since Autumn 2016. The CAI of trees at
other than BWNRO1 (BWNRO02, BWNRO3, BWNRO05, BWNRO06, BWNR13) did not chang

significantly between Spring 2017 and Spring 2021 (Morgan, 2022). While mining had commenced in
Pit A (immediately west of BWNRO1 and bore BNP017S) and reached a depth of 72 mRL by the time
of the Spring 2020 survey, little dewatering took place ilAHgome 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 BWNRO1 was quite
consistent (steag between March 2016 and December 2021 and the water table had not experienced
any rapid decline events, indicates thatBlaeksiatree deaths at site BWNRO1 are not related to the
mining activity. There has been extensive fox den diggings and tunaékitg BWNRO1 since

monitoring began in 2015 and the impacts of this are unknown. However, recent tree deaths have also
been noted in the area around BWNRO1 and itéods
restricted to site BWNRO1.

ManydeadBanksiat r ees wer e observed in Boonanarring NR
commencement of monitoring, with the deaths considered to be due to drought effects
(360Environmental, 2013)Banksiaspp. deaths were also documented in the two resdweg) the
pre-mining monitoring periogMorgan, 2019). A survey fd?hytophthora cinnamonait and around

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

At Coll ardbés Wetland, the overall vegetation a
the cover of weed species has increasedeawtiter, inundated and boggy central sites (CW04, CW08

and CW11; Figure 4) and numerous trees have fallen at these sites and their surrounds (particularly
Eucalyptus rudigrees). The mean CAI fall trees has declined significantly from prening

Autumn 2016 to Autumn 2022, with significant declines of mean CAl occurriidgialeuca
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preissianatrees (14.8 to 12.9) artelicalyptus rudisrees (14.0 and 11.8). However, mean CAI for
Corymbia calophyllandEucalyptus rudigrees has stabilized and modeta increased in recent

years. The mean CAIl dflelaleuca preissianar ees has fallen a |ittle b
levels. Overshadowing of dense canopy is a significant contributing factor to crown decline in the

lower Melaleuca preissian&rees

Symptoms of stress fBucalyptusrudis r ee crowns were observed in s

during premining monitoring, when significantly stressédcalyptus rudisree crowns were recorded

at site CWO03 (from Spryi nhge 2ubalaydrudisned crawvnslatyother mo d e

sites. The decline in tHeucalyptusrudist r ee cr owns at Col |l ardodés Wet | .
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 margi&aic&lyptus rudis

trees).

At the time of the Spring020 survey, mining operations were resulting in a net addition of water to
the water table in Pit C Stage 1, south of Wan
Wetland). At the time of the Spring 2020 survey, Pit C was being used fortitmposicodisposal (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 BNMB14However, this activity has since moved further north to Pit B.
Further west and nearer to Collardds Wetl and,
has been fairly steady or has risen slightly (William de Koning, Environmental Advisor, Image
Resouces;pers. comm see bore locations in Figures 2, 3 and 4).
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PLATES

Order of quadrat photos (Plates I78): Boonanarring NR (quadrats BNRO1
BNR13) ; Bartlettds MWNNRIMRBR ; ( qCadr atrd 0B WNR!
(quadrats CWOLLCW12).
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Platel. uadrat BNROl, Boonanarring N (Sprig 2015 GDVM).

Boonanarring NR (Autumn 202GVM).

Plate 2. Quadrat BNO
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Plate 4. Quadrat BNRO2, Boonanarring NR (Autumn 2022GDVM).
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Iat5.uart NR (erresril 6Control 6 si

Pl ate 6. Quadr at BROe;iBn'Erring(AutLirmml 6Cont |
2022GDVM).
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Plate 7. Quadrat BNRO4, Boonanarring NR (Spring 201 GDVM).

Plate 8. Quadrat BNRO4, Boonanarring NR (Autumn 2022GDVM).
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Plate 9. uadrat BNRO5, Boonanarring NR (SprigO&GDVM, pre—ining).
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Plate 10. Quadrat BNRO5, Boonanarring NR (Autumn 2022GDVM).
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Plate 12. Quadrat BNFO6, Boonanarring NR (Autumn 2022GDVM).
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Pl ate 13. Quadrat BNRO7 (Terrestrial o0Cont
2018 GDVM).
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Plate 14. Quadrat BNRO7 (Terrs t r i a l é,cBnanriRs it
(Autumn 2022 GDVM).
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Iate 15. uarat BNRO8 (Terrestrial o0Cont

Pl at e 1. Quadrat BNRG)oo(nm&rrngNsttrial 6Con:
(Autumn 2022 GDVM).
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" A SN % . et
adrat BNRQO9, Boonanarring NR (Spring 2018 GDVM).

ide 154 N

Plate 17. Qu

Plate 18. Quadrat BNRO9, Boonanarring NR (Autumn 2022GDVM).
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