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Monitoring Vegetation Condition in thBanksia
Woodlands of the Gnangara Mound: the Role of Remote

Sensing Tools

Executive summary

Remote sensing tools have the potential to provadieable information for the monitoring
of vegetation. The multi-spectral Landsat dataadipularly suited to monitoring
vegetation at the regional-landscape scale as:
1. Indices can be derived to assess vegetation coeelarge areas
2. Changes in vegetation cover through time can besass using an archival
database of imagery

3. Imagery is acquired at a high frequency (every dsi

The key to successfully using remote sensing timolsonitor vegetation is being able to
identifying vegetation indices or measures thataaras surrogate measures of vegetation

condition.

This project sought to gain a greater understandirigpw remote sensing tools can be
used in the monitoring d@anksiawoodland vegetation, at the landscape-regiond¢sca
across the Gnangara Mound. This was done by ergloggetation cover dynamics, as
assessed by the projected foliage cover (PFC) atgetcover index derived from Landsat
data, on a number of small scale study sites atihossBanksiawoodland vegetation
types. These study sites were across a range sfsagee last fire and were either un-
disturbed or in variable or poor condition. It alsgestigated how, and at what scale the
Land Monitor Vegetation Cover Linear Trend produzisld be used as part of a

monitoring system foBanksiawoodlands.

At the small scale study sites the greatest changegetation cover was related to fire,

irrespective of vegetation condition class. Germgrah undisturbed sites there was a rapid
increase in vegetation cover 7 years post firerddfeer vegetation cover stabilised to PFC
cover index values between 17 and 25, with smadkdlations related to variable seasonal

conditions between years. On poor and variable idondsites the recovery of vegetation
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cover after fire was more haphazard and vegetabwosr, after a long period with no fire,
was not as high (PFC cover index values betweean@i2?2 for variable condition sites

and between 10 and 16 for poor condition sitesyjetaion cover was determined to be
more variable within the site on poor conditioresitompared to un-disturbed sites (higher
standard deviation of PFC cover index values on pondition sites). This result indicates
that vegetation cover becomes increasingly patcicg @ disturbing process has altered the

vegetation structure.

From this work two possible surrogate measuregegétation condition, have been
identified for the three vegetation types studigte proposed surrogate measures are:
1. PFC cover index condition thresholds

2. Variability of PFC cover index.

Because of the limited understanding of vegetatmrer dynamics on the Gnangara
Mound, no vegetation condition rating should beli@dpo an area based on only
information from the two proposed surrogates. Raiinese surrogates can be used to
identify priority areas for on-ground assessmertbanonitor areas once an on-ground
assessment has been completed. Further developm&nefinement of the proposed

surrogates is also required.

Examination of the Vegetation Cover Linear Trendha small scale study sites revealed
this tool has limited ability to discriminate bewvepoor and un-disturbed sites.
Comparison of the Vegetation Linear Trends, actiessvhole of the Gnangara Mound,
over three time periods has revealed that thisdaolprovide a general picture of the
broad levels of vegetation cover gain and loskat¢gional scale. However, several
drawbacks were identified when using VegetatioreamTrends at the regional scale
including:
1. The outcomes of Trend Analysis is very dependenherevel of vegetation cover
at the first image date
2. Itis not possible to identify a single date, tarsthe Trend Analysis sequence,
when vegetation cover will be high across the whetgon
3. The difficulty in attributing change in vegetatioaver to a single threatening

process when multiple threatening processes aradatimg on the vegetation.

Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools 2
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Therefore it is suggested that Landsat Vegetatioadr Trends is not suitable for a
regional level assessment of vegetation cover.dRdklis type of analysis should be
undertaken at a smaller scale such as within thederies of a Conservation or National
Park. The benefits of working at a smaller scabduite:
1. 1t will be easier to identify a single appropriak&te to start the Trend Analysis
sequence
Dates to run the Trend Analysis over can be relaiedanagement interventions
3. Outcomes of the Trend Analysis can be relatedftrnmation, either spatial or
anecdotal, on known impact areas or managememvanteons
4. Scope to tie Trend Analysis to outcomes of peri@digground monitoring of

vegetation condition.

Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools 3



Gnangara Sustainability Strategy

Introduction

Remote sensing is widely accepted as a usefulsamsas tool which can play a role in
vegetation monitoring systems in conjunction witimeentional field based methods of
assessing vegetation condition (Cagical. 2006; Scartlet al. 2006; Blebyet al. 2008). A
number of different sensors, such as airborne atallite based multi-spectral and hyper-
spectral sensors and airborne laser scannersparavailable that can be utilised to
determine vegetation cover and other charactesisfizegetation relevant to the

assessment of vegetation structure.

Remote sensing tools have the potential to provadieable information for vegetation
monitoring at the Regional-Landscape, Communitysystem and Population scales
(Blebyet al 2009; Caccettat al 2000; Pfitzner and Bayliss 2006). The multi-spadct
Landsat data is particularly suited to monitorimgetation changes at the regional-
landscape scale as it can assess vegetation coxelaoge areas, and has an archival
database of imagery going back 35 years, thus egatthanges through time to be
assessed. Landsat imagery has a high frequenayagfei acquisition with repeat
overpasses every 16 days (USGS 2005). The usendshadata in regional-landscape
scale monitoring is well established (Kuhredllal. 1998; Caccettat al 2007; Pickupet al
1994).

Airborne high resolution multi-spectral and hyppestral sensors and airborne laser
scanners have increasingly been used to assedat@gattributes at the community-
ecosystem and population scales. baal (2006) investigated the use of hyperspectral
imagery to map diatomaceous earth, and vegetatgmuwand condition in relation to acid
sulphate soil impacts on the Gnangara Mound. Tidydbund that vegetation
communities could be differentiated and the vawiatiin vegetation condition states could
be related to irrigation, hydrography or acid salighsoil levels. The attribution of the
cause of the vegetation condition states, howegquires validation. Lee and Lucas
(2007) have applied small footprint LIDAR data (htgdetection And Ranging) to
determine individual trees heights in the top au canopy, crown cover and foliage and
branch projective cover. This approach providesortgnt measures to assess a multi-
layered forest environment. It is anticipated thatvalue of these types of sensors in

Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools 4
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vegetation monitoring programs will increase oraeust vegetation measures have been
developed and on-going programs are establishedpimre data on a regular basis. In the
Perth metropolitan region high resolution photograetric multispectral airborne data has
been captured on an annual basis since 2007 (d8OCR09 for more details). Once this
dataset has achieved production standards thecapphs in vegetation monitoring can be
applied.

The key to successfully using remote sensing tioolggetation monitoring centres on
developing vegetation indices or measures thatctas surrogate measures of vegetation
condition. A number of vegetation change measunds@onitoring frameworks have been
developed in Australia and are currently in user @agying land uses and contexts; for
example, the Land Monitor Perennial Vegetation @ise(Furbyet al. 2008) and the
Department of Climate Change ‘National Carbon Actimg System Land Cover Change
Project’ (NCAS-LCCP; Caccettat al 2007). It has only been in recent times that
conservation agencies have started investigatimgvirell these can act as surrogate

measures of vegetation condition in a biodiversigservation context.

Wallaceet al.(2006) contains examples of how vegetation coowlitias been assessed
using a multi-temporal imagery approach in envirenis ranging from north east
Kimberley grasslands to remnant vegetation in theétswest agricultural zone and former
pastoral leases in Shark Bay. Knowledge of howdifferent environments functioned
was important when interpreting the changes in taga and what they meant for the
condition assessment. For example, in Shark Bayee of a large increase in vegetation
cover was attributed to an invasion of the weedd@rass. Gaining a greater
understanding of vegetation cover dynamics wiliportant to these investigations as
any surrogate measure will need to be able toithgtate between ‘natural’ or
‘background’ variability in vegetation cover andaciges in vegetation cover due to

threatening processes.

Until recently remote sensing tools have not beglehy used to assess vegetation on the
Gnangara Mound. Since 1995 the Land Monitor progi@actcettaet al. 2000) has been
making available a suite of vegetation change tsjuerived from Landsat data, for the
South West Agricultural Region of Western Austratibwhich the Gnangara Mound is

part. These products include perennial vegetatideng, vegetation history and vegetation
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trend, which summarises the change in reflectahper@nnial vegetation areas over time
(Furbyet al 2008) and are targeted to monitoring at the leapols and regional scales. In
recent years the Water Corporation has been ugjngsipatial resolution airborne Digital
Multi-Spectral Imagery (DMSI) to monitor native \atgtion around bore fields and has
been developing methods to identify individual tdeaths and their spatial patterns (Canci
et al 2006). This work is part of the monitoring thatw&r Corporation is required to carry
out to identify any environmental impacts of waggtraction from the Gnangara Mound.
The approaches and surrogate measures develofied study would provide valuable
native vegetation monitoring information, in a bigersity context, at the community-
ecosystem/population-species scale. The Departofidiater and CSIRO have also been
investigating the use of Hyperspectral imagery aprdiatomaceous earths and
environmental conditions related to acid sulphatks $sn several wetland areas (Laual
2006).

The project presented in this report sought to gagneater understanding of how remote
sensing tools can be used in the monitorinBariksiawoodland vegetation, at the
landscape — regional scale across the GnangaradMBanksiawoodlands account for
50% of the current extent of native vegetationten®nangara Mound and their regional
conservation significance is high. Clearing foranmtand rural development across the
Swan Coastal Plain has been to such an extentghatew large un-fragmented areas of
remnant vegetation now exist with the largest aaegron the Gnangara Mound (68 541
ha). Additionally some of the vegetation complegesurring in this area do not have
adequate levels of retention and protection andesama only found within the Gnangara
Mound (Kinlochet al 2009). A number of threatening processes impact¢hese
woodlands such @&hytophthora cinnamomiragmentation, weeds, decreasing rainfall
due to climate change, ground water extractioncirahged fire regimes. The close
proximity of these woodlands to the expanding uréaaa of Perth will mean that the risk
of impact from these threatening processes wily amirease in the future. Therefore there
is an urgent need to develop methods to adequat@hytor native vegetation condition so

this information can inform the management of th@sedlands.

This project firstly explored the vegetation codgnamics, as assessed by vegetation
indices derived from Landsat data, of un-disturbed poor condition areas across a range

of ages since the last fire. This analysis aimsfarove our understanding of how remote
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sensing tools could be used for monitorBanksiawoodlands. The project also
investigated how and at what scale the Land Montagetation Cover Trend products

could be used as part of a monitoring systenBforksiawoodlands.

Specific objectives addressed:
1. Across a number of small scale undisturbed, vagiabhdition and poor condition
vegetation sites on thr@&anksiawoodland vegetation types:
a. Use Landsat data to assess and characterise vege@aer changes over a 35
year time period
b. Evaluate Landsat Vegetation Cover Linear Trendslitts between 1973 and
2008
c. Use Landsat vegetation index values and time dastdire data to determine
characteristics of recovery of vegetation aftes.fir
2. Determine Trends in vegetation cover between 19@32808 across the Gnangara
Mound.

Study area and climate

The Gnangara groundwater system is located onwlaa £oastal Plain just north of Perth
and covers an area of approximately 2200 squasenkilres. It extends from the Swan
River in the south, Moore River and Gingin Brookthe North and from Ellen Brook and
Swan Valley in the east to the Indian Ocean toMest. The area has undergone intensive
urban, rural and pine plantation development thaeidhnsive areas &anksiawoodlands
remain, as do permanent and seasonal wetlandgrobedwater system comprises
several different hydrological units or aquiferslgmovides approximately 60% of Perth’'s
drinking water (Government of Western Australia 20M@eclining ground water levels
since 1960 due to climate change, increased abistiaand interception loss has brought
into question the sustainability of the Gnangaraugdwater system and its associated
values (Government of Western Australia 2009).

The vegetation of the Gnangara groundwater systetorninated by heath and/or tuart
woodlands on limeston8anksiaand jarrah -Banksiawoodlands on dune systems of

various ages, marri on colluvial and alluvial soded paperbarks in swampy areas

Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools 7
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(Mitchell et al 2003). Mattiske (2003) identified 32 vegetatigpds on the Gnangara

groundwater system based on available floristit géta and the system developed by

Havel (1968). This study focused on two of the meidespreadBanksiawoodlands

vegetation types mapped by Mattiske (2003): H1lan(igure 1; Table 1). Areas located

on G2Banksiawoodland vegetation type (Mattiske 2003) were aisestigated (Figure 1,
Table 1). The G2 vegetation type is the dominagetetion type over CSIRO’s GSS

recharge trial site (Caraban UCL, Figure 1). Fbtrake vegetation types the dominant

species iBanksia attenuatésee Table 1 for a full description of each vegetatype).

Table 1: Description and extent of Vegetation Typeslied. Taken from Mattiske (2003).

Vegetation Type
Code

Description

Total area’
(hectares)

Proportion”
(%)

11

Low Open Woodland dBanksia attenuata - Banksia
menziesibverVerticordia nitens, Dasypogon
bromeliifolius, Melaleuca seriatandPatersonia
occidentalis.

19932

12.8

H1

Low Woodland to Low Open Woodland Béanksia
attenuata - Banksia menziesii - Banksia ilicifclia
Nuytsia floribundaover Beaufortia elegans,

13478

Leucopogon polymorphus, Melaleuca systena, Calytrix

angulata, Calytrix flavescens, Stirlingia latifojia
Dasypogon bromeliifolius, Leucopogon

conostephioides, Lyginia barbata, Macrozamia riedle
andXanthorrhoea preissii.

8.7

G2

Low Open Woodland danksia attenuata - Banksia
menziesii - Allocasuarina fraserianrd@ucalyptus
todtianaover Xanthorrhoea preissii, Lysinema
ciliatum, Verticordia nitens, Hibbertia hypericoides,
Philotheca spicata, Eremaea pauciflorar.
pauciflora, Bossiaea eriocarpa, Daviesia nudiflora,
Mesomelaena pseudostygiad Stirlingia latifolia.

1200

0.8

" Of portion of the Gnangara Mound mapped by Magti€2003)
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\.\SEABIRD

BGINGIN

BMUCHEA

Melaleuca Park NR (pjopomed) (v,

Maralla Road NR (v)
g

Legend
B Towns
@ Location of Small Scale Study Sites

I:l GSS Study Boundary
DEC Managed Lands

¥

Vegetation Type
-
.

11

PERTHE

Vegetation Condition Classes:
uh = un-disturbed
v = variable
p = poor

Figure 1: Location Map showing the extent of |11, &1d G2 vegetation types on the

Gnangara Mound and the location of the small sstaigy sites.
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Fire plays an important role in the ecosystem$ief@nangara groundwater system with
many of the plant species showing adaptationgeqBlebyet al. 2009). Inappropriate fire
regimes have the potential to considerably impaaative species and communities
(Bleby et al.2009). The Department of Environment and Consenvatonducts

prescribed burning across 45 120 ha of native way@t# on the Gnangara Mound to
protect biodiversity assets, infrastructure andifieeand property of neighbours (Bleley

al. 2009). Native woodlands are burnt during spring antumn on an 8 to 12 year rotation
(Bleby et al. 2009).

The Gnangara Mound experiences long dry summersndddvet winters. The long term
average annual rainfall of the region is 752 mnO{19 2007) but since the 1970’s the
wider south-west region has been experiencing bngea rainfall (Government of
Western Australia 2009) with the short term anrava&rage rainfall declining to 664 mm
(Figure 2). Not only has the total amount of rdind&er a year declined, but so has the
frequency of wet months (Government of Western ralist 2009). At the Perth Airport
the number of months, per decade, with total rdigf@ater than 200mm, 150 mm or

200mm has declined especially since the 1970’3(Eig).

Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools 10
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1000 mms ANnual Rainfall (mm)

Long Term Average 1907 - 2007 (752 mm)
Average 1965 - 2007 (702 mm)

900 - Average 1972 - 2007 (693 mm)
Average 1972 - 1992 (721 mm)
Average 1992 - 2007 (664 mm)

800 -

700 - I il

600 -

Rainfall (mm)
al
o
o

400 -

200 +

Figure 2: Mean annual rainfall for four meteorolmaistations across the Gnangara Mound (Allamk@ehFAirport, Muchea Tree Farm,
Yanchep) for the period of 1907 — 2007. Rainfathdar each station is a combination of observatiamd interpolated data to fill any gaps
(‘patch’) in the record. Data source: Patched FRatdsehttp://www.nrw.gld.gov.au/silo/
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@ >100 mm
| >150 mm

15 - O >200 mm

Number of Months
N
o

Figure 3: Frequency of wet months for the lastdecades at the Perth Airport. Rainfall
data is a combination of observations and intetpdldata to fill any gaps (‘patch’) in the

record. Data source: Patched Point Dathtgpt//www.nrw.qld.gov.au/silo/

Methods

Development of vegetation index

Mathematical combinations of the spectral bandsapidsat imagery can be used to derive
vegetation indices which can differentiate vegetafrom other cover classes and can
discriminate between vegetation of different deesitAn archive of data is available of
Landsat satellite (MSS, TM and ETM+) imagery fordeies between the period of 1973
and 2008, to which geometric and radiometric cdivas have been applied (Caccedta
al. 2007). The methods used to calculate the vegetatdex are described in Behanhal
(2009) and are summarised below. To estimate thatian in crown cover across the
landscape, a spectral image index, which discritagyaegetation from other cover types,
was calculated using the visible red waveband (Bafidm Landsat TM and Band 2 from
Landsat MSS) for each image date. Other combinstbispectral bands are more
effective at discriminating vegetation (e.g. TM daéplus TM band 5) but the visible red

waveband was used in this instance as it can deed@zross both the MSS and TM

Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools 12
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Landsat platforms thus enabling the archival daalta be fully utilised. The spectral
image index was then calibrated with field measuneis of projected foliage cover (PFC)
to produce a calibrated PFC index for each image. dde calibrated PFC index ranges
from 0O to 33 with low values relating to low veg&ta cover and high values to high

vegetation cover.

Vegetation cover dynamics

A series of study areas were identified within e 11 and GBanksiawoodland
vegetation types. For the H1 and I1 vegetationgypridy areas were located on remnant
vegetation that is classed as either un-disturlpeal wariable or poor condition. All G2
study sites were classed as un-disturbed. No bsoald mapping of vegetation condition
is available for the area so we relied on our owovkedge of the area, and that of
colleagues, to identify study areas that were sapr&tive of the un-disturbed, variable
and poor condition classes. Areas which are subjetiultiple threatening processes (e.g.
Phytophthora cinnamonimpact, fragmentation or past grazing by livestosk)e classed
as in poor condition. Thiehytophthoradieback status of the study areas was determined
using Project Dieback Interpretation mapping (®irett al 2008). Those study areas
classed as having high or medium confideRbgtophthora cinnamomir the
aforementioned dataset, aAtytophthoradieback was the only known threatening
processes were classed as being in variable condat each study area, data on the year
since last burn (DEC 2008), satellite imagery fro®72 — 2008 and the most up-to-date
ortho-photos available were used to select a sefissiall scale (approx 2.25 ha) study
sites, of different years since last burn, for eafcthe three vegetation types. All three
vegetation types were not present at all studysai®iées were located so that they fitted
within the boundaries of the last fire and prefératathin the boundaries of any fires
between the years 1973 — 2008. See Appendix Aformation on the condition,
vegetation type anBhytophthoradieback status of all small scale study sites and
Appendix D for location information.

Calibrated PFC cover index (hereafter referrecst®laC cover index) values were
extracted for 6 x 6 25 m pixels (2.25 ha) at eatehfer each year date. Means and
standard deviations were calculated for each silegpaphed to show the PFC cover index

values over the 35 years. The fire history of tikes §om 1973 — 2008, was then
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reconstructed using the cover index informatiorttengraphs. When a decline in
vegetation cover was evident, the satellite imag@ryhat date was inspected to determine
if the decline was due to a fire or seasonal réim&aiability. From the fire history
reconstruction the following attributes, at eadb,sivere determined to characterise its fire
history:

1. Year since last burn (YSLB) for each Landsat imdagee. This included verifying
the YSLB information from DEC corporate records (DE008). Where there was
uncertainty to the exact year of a fire event Y Si#s not recorded.

2. Number of fires from 1977 to 2008. This assessrdiehhot extend back to 1973 as
for a number of sites it was not possible to beident on how recent the fires for
1973 were (see below);

3. 1973 burn status class:

a) just burnt

b) recent burn but recovery evident (or less intenbalyt if very recent)
c) recent burn but recovery evident

d) fire scar evident - hard to determine how recent

e) fire scar present but not recently burnt

f) no recent fire - high cover

4. Maximum length of time over the 35 year period withburn.

The fire history reconstruction also enabled th&.B'$ be determined for each image
date for all of the sites. This was graphed agaiestover index values so the rate of
recovery of vegetation cover after fire could bareleterised for un-disturbed, variable and

poor condition sites on each vegetation type.

Vegetation Cover Linear Trends

The Vegetation Cover Linear Trends procedure sunsemthe temporal change in
vegetation cover for each pixel over time (Wallatal. 2006). The calculation of the
Trends follows the methodology of Wallageeal (2006) and Furbgt al (2008), is
described in detail in Behat al (2009) and is summarised below:
1. A calibrated PFC index was calculated for each {perod (image date).
2. Scaled temporal summaries of the calibrated PF€xifar the 1973 — 2008; 1973
— 1992 and 1992 — 2008 time periods were calculdteel 1973 — 2008 time period
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represents the full range of image dates avaiialtlee Landsat archive whilst the
years of 1973 — 1992 were comparatively more waat 1092 — 2008 (Figure 2).

3. Areas that were classified as never having perémagetation cover were masked
out.

4. Linear ‘Trendclass’ images were produced, for éank period.

The Linear Vegetation Cover Trend class imageg#oh time period were clipped to the
2005 Remnant Vegetation Extent (DAFWA 2006) the thaasrent mapping available of
remnant vegetation. By clipping the data to the52@€getation extent, only clearing
between the years of 2005 and 2008 would be detest@egative trends. The total area of
remnant vegetation, across the GSS study areachteend class was then calculated for
the aforementioned time periods. At the small sstaldy sites a visual assessment of the

proportion of the study site in each linear trelads was undertaken.

Results

Small scale study sites

Vegetation cover dynamics for a range of vegetatioondition

classes

The mean vegetation cover index values over thgedts for un-disturbed sites, on all
three vegetation types, were characterised byge @il immediately after fire, then
followed by an increase in cover index values assed with the period of vegetation
recovery (Figure 4a and b; Figure 5a and b; FiGarand c). An exception to this type of
response was evident in the Yanchep Plantationaatr(frigure 6b) where all three sites
did not show a substantial decline in cover aftessfin 1979 — 1980 and 1998 - 1999. The
1979 — 1980 fire is likely to have been just ptinthe Landsat pass (image date
01/12/1979). Litter cover just after a burn cargbée high and this may well be affecting
the PFC cover index values. It also appears tlasites were not burnt intensively in the
1979 — 1980 fire. The 1998 — 1999 fire also app&alave been not intense. This has
meant that there has been little reduction in #ggetation canopy. This fire was also a full
year prior to the Landsat pass (image date 20/0R)2€o some recovery in the vegetation

may also have occurred. If an area remained untlora long period of time the
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vegetation cover values stabilised between 17 &nalith the small fluctuations in cover
index values most likely related to differing amtiaof rainfall between years. A good
example of this type of response is evident atlBit86 at Yeal West (Figure 4a), which
had been burnt prior to the 1973 image date andirexd un-burnt for the entire 35 years.
Mean vegetation cover index values were similar allehree vegetation types and on
these un-disturbed sites the standard deviatiorusaally low (Figure 4a and b; Figure 5a

and b; Figure 6a - c).

The poor condition sites were similar to the urtidised sites in that the greatest falls in
mean vegetation cover index values over the 35syware related to fire (Figure 4d;
Figure 5f). Recovery after fire was evident but wiaedisturbed area remained un-burnt
for a long period the mean vegetation cover indexyes were more variable, compared to
long unburnt un-disturbed sites, and PFC covendnvaddues stabilised between ~10 to 16.
The consistently high standard deviations revestl tiie vegetation cover is also more

variable within these sites compared to un-distiidites.

Not surprisingly fire had the greatest impact ogetation cover index values on the
variable condition sites (Figure 4c; Figure 5c.-S)me of these sites were similar to un-
disturbed sites in that they show a degree of l#iabbth between years and within the site
(low standard deviation; site ID’s 3, 5, 43, 45).A&hereas others were similar to poor
condition sites with a greater degree of variapilit vegetation cover within the site even
after they have recovered from a fire (higher staddleviations; site ID’s 40, 41).
Vegetation cover was not as high as un-disturbied §vegetation index values stabilise to
between 12 and 22).

Many sites across all three vegetation types shanadetline in vegetation cover in 1992
despite average rainfall conditions prevailingha three months prior to the Landsat pass
(image date 7/1/1993). It is likely that this deeliis related to variability in rainfall
between years. Often there is a considerable lagdpbetween a ‘wet’ or ‘dry’ year and
the response in the tree canopy. Therefore ik&ylithat in 1992 the decline in vegetation
cover is related to the below average rainfall989 and 1990. Nearly all sites that
showed a decline in vegetation cover in 1992 shaaveishcrease in vegetation cover in the

1995 which is likely related to the above averaefall in 1991 and 1992.
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Vegetation Cover Linear Trends

For the Linear Trends the majority of small scaielg sites had a trend class, or a
dominant trend class, of ‘no major change’ in vageh cover or increasing trend in
vegetation cover (‘positive’) for the period 19720608 (Table 2). No sites showed a large
increasing or decreasing trend in vegetation c@@minant trend class of either ‘major
positive’ or ‘major negative’; Appendix A). The damant trend in vegetation cover in

poor condition sites was either ‘no major changehegative’. For variable condition

sites, the majority of sites had ‘positive’ trerimlg a significant number were also in the
‘no major change’ and ‘negative’ trend classes.disturbed sites either had a dominant
trend of ‘no major change’ or ‘positive’ with neasll sites in the ‘positive’ trend class
having an YSLB of nine years or greater and feWwantthree fires between 1977 and 1980
(Appendix A). No long unburnt un-disturbed sitesl laetrend class of ‘no major change’
or ‘negative’ (Appendix A). Generally ‘negativeetrds in vegetation cover were only a
minor proportion of un-disturbed sites (Table 2p&pdix A).

Table 2: Number of small scale study sites, actimge vegetation types and three
condition classes, which had a dominant Landsattagign linear trend class of no major
change in vegetation cover, increasing trend iretaggn cover (positive) or decreasing
trend in vegetation cover (negative). The Landsgetation linear trend classes relate to
the 1972 — 2008 time period.

Vegetation | Linear Trend Class Condition Class Total
Type Un-disturbed | Variable Poor

11 No Major Change 4 3 2 9
Positive 4 6 0 10
Negative 0 2 1 3
Total 8 11 3 el

H1 No Major Change 6 2 2 10
Positive 5 1 0 6
Negative 0 1 0 1
Total 11 4 2 17

G2 No Major Change 5 N/A N/A 5
Positive 3 N/A N/A 3
Negative 1 N/A N/A 1
Total 9 0 0 9

Total No Major Change | 15 5 4 24
Positive 12 7 0 19
Negative 1 3 1 5
Total 28 15 5 48

‘Landsat Linear Trend class information not avaddbt site ID 48 (11 variable condition)
so was not included in this analysis.
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Recovery of vegetation cover after fire

PFC Vegetation Cover Index values generally shoaveapid/exponential increase in the
first 7 years after fire on un-disturbed sites (ffeg7a and b; Figure 8a and b; Figure 9a
and b). Thereafter any increase in vegetation wass rapid and in the majority of sites
cover values stabilised between PFC Cover Indexegabf 19 and 23. Vegetation Cover
Index values within 7 years of a fire were quiteiatale at some sites and is likely to be
related to the differing severity of the fires (&g 8a; Figure 9b)

A similar assessment of poor condition sites (Fegiat; Figure 8e) revealed no
relationship between YSLB and PFC Cover Index iadlsites (site ID 19, 22, 23) and
quite rapid increase in cover in the first thredour years after fire and then a gradual
decline at two other sites (site ID 20, 21). Vetietacover index values 10 years after a

fire were nearly always less than 17.

No one single response characterised the varialgitton sites (Figure 7c; Figure 8c and
d). Some were similar to un-disturbed sites showaimgpid increase in cover in the first
seven to ten years then stabilising to a PFC Clovtsx value between 15 and 20 (site
ID’s 42, 43, 45 — 48). Whilst for others there wasrelationship between YSLB and PFC

Cover Index values (site ID’s 2, 4, and 5).
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Figure 7: Mean PFC Vegetation Cover Index valuagliation to year since last burn (YSLB) for (aflgdb) un-disturbed, (c) variable condition

and (d) poor condition sites on vegetation type H1.
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Figure 8: Mean PFC Vegetation Cover Index valuegliation to year since last burn (YSLB) for (aflgb) un-disturbed, (c) and (d) variable

condition and (e) poor condition sites on vegetatiype I1.
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Vegetation Cover Linear Trends across the Gnangara
Mound

Long term (1973 — 2008) Vegetation Linear Trends

The long term 1973 — 2008 Vegetation Linear Trenedeal that the majority of remnant
vegetation across the Gnangara Mound has eithezased in vegetation cover (35% had a
‘positive trend’) or experienced no major changgegetation cover since 1973 (Table 3;
Figure 10 and Figure 11). The positive trend fochaf the area is due to recovery of
vegetation cover from fires that occurred priol8Y3. Declining vegetation cover
represents just over 7% of the remnant vegetationsanot restricted to any one land use;
rather, examples can be found in rural, urban andervation areas (Figure 10 and Figure
11). Prescribed burns and wildfires are the likebin causes of negative trends on the
conservation estate and State Forest (Figure Hdyelpatches of remnant vegetation with
negative trends near Burns Beach are associatbctledring that has taken place between
2005 and 2007. It should be noted that the lackvaflability of historic remnant

vegetation extent data inhibited us from being &bl@corporate into the analysis an

assessment of the amount of remnant vegetationvdmatleared between 1973 and 2005.

Table 3: Total area of 2005 extent of remnant \agget in each linear Landsat trend class
for the periods of 1973 — 2008, 1973 — 1992 an®199008.

Linear Trend Class Total Area of Remnant Vegetation (ha)

1973 — 2008 1973 — 1992 1992 — 2008
Large Positive Trend 294 45 6
Positive Trend 35 765 40 752 7549
Stable or relatively Stable 57 685 57 362 80 857
Negative Trend 5459 2698 10 701
Large Negative Trend 2020 367 2110
Total Area of Remnant Vegetation (ha) 101 223 101 223 101 223
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Figure 10: Landsat linear trend classes for 192808 for the 2005 extent of remnant
vegetation across the GSS study area. Codes ahdl@sses are major positive: large
increasing trend in vegetation cover; positiver@asing trend in vegetation cover; no
major change: no major change in vegetation cowegative: decreasing trend in

vegetation cover; major negative: large decreasaryl in vegetation cover.
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Figure 11: Proportion of total area of 2005 ext#ntemnant vegetation in each Linear

trend class for three time periods 1973 — 20083197992; 1992 — 2008.

Comparison of Linear Trends over three time periods

An assessment of Vegetation Cover Linear Trendghiperiod of 1973 to 1992 revealed
that the breakdown of the remnant vegetation iatthérend class was similar to the 1973
— 2008 long term trends (Figure 11). For the 192268 period the breakdowns were
different with the majority of remnant vegetatidassed as having a ‘stable’ trend (80%)
and a larger area (12%) classed as having a ‘vegatend in vegetation cover (Figure

11). Maps showing the distribution of Landsat lingand classes over the GSS study area
for the time periods 1973 — 1992 and 1992 — 206&ewvided in Appendix B and
Appendix C.

Discussion

Vegetation cover dynamics

The examination of the PFC Cover Index values tiveismall scale study sites across 35
years has provided some insight into the magnitdddanges in vegetation cover on
vegetation types I1 and H1, due to fire, regenenatif vegetation after fire, seasonal
differences in rainfall and threatening processes ®1s grazing an@hytophthora
cinnamomi The greatest changes in PFC Cover Index values ngkated to fire,

irrespective of vegetation condition class (Figlir&igure 5 and Figure 6). On un-
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disturbed sites there was a rapid increase in PBM@idndex values 7 years post-fire
(Figure 7a and b; Figure 8a and b; Figure 9a and@h®reafter the PFC Cover Index
values stabilised with small fluctuations related/ériable seasonal conditions between
years (Figure 4a and b; Figure 5a and b; FigurarEiga and b). On poor and variable
condition sites the recovery in PFC Cover Indexigalwas more haphazard (Figure 7c
and d; Figure 8c to e) and at some sites therenvaslationship between YSLB and PFC
Cover Index values. If PFC Cover Index values tidbidise after a long period with no
fire, the values were not as high as un-disturlited ¢Figure 4b and c; Figure 5c to f). The
lower PFC Cover Index values at the poor and vigiabndition sites indicate that the
vegetation structure has been altered resultihgwer vegetation cover and increased

amounts of bare soil compared to un-disturbed.sites

It should be noted that the trajectory of vegetatiover in disturbed areas will not
necessarily be towards lower vegetation cover. Mstyrbed areas are susceptible to
invasion by weeds which may lead to an increasegetation cover in certain areas of the
landscape (Wallacet al. 2006). However, the use of late summer Landsagiémain this
study somewhat minimises the impact of weeds oiPf@ Cover Index. This is especially
true for the annual weeds that primarily grow imt&r, and therefore would be expected to
be at their lowest levels of cover at the end efrthfe cycle at the end of summer.
However, woody weeds (i.e. non-annual weeds) wsiilldoe detected as increased

vegetation cover in late summer.

PFC Cover Index values were determined to be maniable across poor condition sites
(higher standard deviation; Figure 4d and Figujecémpared to un-disturbed sites (lower
standard deviation; Figure 4a and b; Figure S5alarkigure 6a to c). This higher
variability could be reflecting the trend towardmare patchy distribution of the
vegetation once a disturbing process has alteesddfgetation structure. In the case of an
area that has been impactedRhytophthoradieback the increasing patchiness of the
vegetation could also be related to the variatiocover as vegetation susceptible to
Phytophthoradieback collapse and die and the later the colbarsaf resistant

vegetation. The disease will also move at varyatgs up or down slope which potentially
could also increase patchiness. Weed cover cositdied higher in different habitats within
a landscape, such as low lying areas where watarents and seed accumulates and

productivity is higher.
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Monitoring vegetation condition using remote semsin

tools

The distinct characteristics of the vegetation calygamics of each of the vegetation
condition states assessed suggests that remotag#ras could be used to assist in the
monitoring of vegetation condition on tBanksiawoodlands of the Gnangara Mound.
Two possible surrogate measures of vegetation tondire:
1. PFC Cover Index with thresholds applied to disanaté between un—disturbed and
poor condition areas

2. Variability (standard deviation) of PFC Cover Indexdues over a defined area.

It should be noted that currently there is limiteierstanding of the vegetation cover
dynamics oBanksiawoodlands and how multiple threatening processbgh are present
on the Gnangara Mound, and regenerative procassesdte to changes into PFC Cover
Index values. Therefore, at this stage no vegetatomdition rating should be applied to an
area based on information from the PFC Cover IradekVariability measures alone.
Rather these surrogate measures should be usgehtdy priority areas for on-ground
assessment of vegetation condition or be usedrasfdhie on-going monitoring of an area
once an on-ground assessment has been completdterinvestigations are needed to
determine if the above surrogates can discrimiaegas of different vegetation condition
on the full range of vegetation types found onBlaeksiawoodland types on the
Gnangara Mound. One limitation related to thes@@sed surrogate measures is that run-
on/wetland vegetation types were not included is $kudy. Additional limitations are

discussed below alongside suggestions for potant@mation products.

This study showed that in tiBanksiawoodlands that the Landsat Linear Vegetation
Cover Trends have limited ability to discriminatetween poor condition and un-disturbed
sites and therefore should not be considered asgaie measures of vegetation condition
(Table 2). The role that Linear Vegetation Covegnids can play in vegetation monitoring
Is discussed in more detail below.
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PFC cover index condition thresholds (proposed tpol

Distinct differences in PFC Cover Index values lestwun-disturbed, variable and poor
condition sites, on the I1 and H1 vegetation typese detected only once an area had
recovered from a burn and its vegetation covergtablilised. Therefore the assessment of
vegetation condition using this approach may naafggopriate for image dates that are
within 7 years of a fire. An initial classificatiaf an area into just burnt, recovering or
long un-burnt would therefore be required to deteemwvhether an appropriate Landsat
image date can be used to undertake the assesshtieatiatest available Landsat date is
not used this should be noted in any informaticdpct along with a rating of the
confidence of the assessment (i.e. if the imagesdatgreater than 5 years old the

condition assessment would be rated as lower cemdig).

It would be preferable if the thresholds to disenate un-disturbed and poor condition
areas were determined using ground validated vegeteondition information rather than
the desktop approach used in this study. Ideafigaeground observations of vegetation
cover and Projected Foliage Cover (Betial. 2009) in summer should be undertaken
across a number of sites for each vegetation typleet Gnangara Mound to:

1. further refine the regression used to develop #tib@ated PFC Cover Index (Behn
et al.2009).

2. provide validation of vegetation condition classl &+C Cover Index thresholds
for the 11, H1 and G2 vegetation types. Threshuldlschange if the regression
used to calculate calibrated PFC Cover Index isatgud

3. provide on-ground information to help identify tehelds for other vegetation
types or validate whether the thresholds for 11,addl G2 are applicable to a wider
range ofBanksiawoodland vegetation types.

In the absence of on-ground validated data theviatig thresholds could be used to
classify vegetation in the 11, H1 and G2 vegetatypes:
0 Un-disturbed - PFC Cover Index values between 172&n

o Poor condition — PFC Cover Index values betweeariD16.

Stabilised PFC Cover Index values for sites withalde condition (PFC Cover Index of

12 to 22) overlap the un-disturbed and poor coodithresholds. Further investigations
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including the collection of on-ground data will Wet® be undertaken to determine if
thresholds can be identified.

Variability of PFC cover index values (proposed tigo

Poor condition sites were characterised by havigher standard deviation of the PFC
Cover Index values, over the 2.25 ha study arealldrandsat image dates. A 'variability’
surface could be calculated for each Landsat indatge based on the standard deviation of
PFC Cover Index values over pixel values using aingowindow. The calculation of the
‘variability’ surface would need to be done withiegetation types (stratification of
imagery into vegetation types would be requirediswill ensure that the variability in
vegetation cover being detected is related to ingpafcthreatening processes or seasonal
conditions rather than related to inherent diffee=nin vegetation structure and cover
between vegetation types. The size of the movimglaw (number of pixels used) would
be dependent on the size of mapped areas for egetation type. If thin strips of remnant
vegetation are present then the size of the movindow would need to be quite small

(e.g. 3 x 3 pixels).

An example of such a ‘variability’ surface is pret in Figure 12c. In this location areas
of low standard deviation are on Unallocated Crdwand, which is not infested with
Phytophthoradieback and likely to never have been grazed (Ei@@a and c). A pocket of
high standard deviation is located on Freehold,larch is likely to have been grazed
(and a likely reason why it is categorised as w@mpretable irPhytophthoradieback

interpretation mapping).
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Figure 12: Example ‘variability’ surface for vegeta type I1 on areas of unallocated
crown land and freehold land just north of Neavds (&)Phytophthoradieback
interpretation categories; (b) Landsat linear trelags; (c) variability surface (standard

deviation over a 3 x 3 moving window) for vegetatigpe I11; (d) 2008 Landsat imagery.
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Vegetation Cover Linear Trends (current tool)

The comparison of Vegetation Cover Linear Trendsr dhree time periods across the
Gnangara Mound has revealed that this type of aisatyan provide a general picture of
the broad levels of vegetation cover gain and &ssregional scale. However, for the
Gnangara Mound, where there are multiple threatgpiocesses impacting on vegetation
cover, it is impossible at the regional scale ttediea clear signal of how these threats or
any management interventions may be impacting getagion cover. The difficulty in
pinpointing these clear signals is revealed inlt@2 — 2008 Trend analysis. The
increased amount of remnant vegetation in the Istalnd ‘negative’ trend classes in 1992
— 2008 could be related to decreased rainfall thismperiod (Figur® and Figure 11). The
clearing of remnant vegetation along the coastaldimr would also be contributing to
negative trend class for this time period (Apper@d)»xas would an increase in fire
frequency (prescribed burn fire frequency incredsath 2002 onwards (P. Brown pers.

comm.)).

Trends analysis is also very dependent on the Ewstgetation cover at the first image
date used in the time sequence. Optimally a dateldibe chosen when vegetation cover
is high. At the regional scale, where each yeatigea mosaic of low and high vegetation
cover areas due to fires, identifying one date wlwewver is high on all areas is not

possible.

Therefore it is suggested that Landsat Vegetatiove€CLinear Trends analysis is not
suitable for a regional level assessment of veigetabver. Rather this type of analysis
should be undertaken at smaller scales, such aswiite boundaries of a Conservation
Reserve or National Park. By working at this seradicale outcomes of the Landsat Linear
Trends analysis can be related to information éeifipatial or anecdotal) on known impact
areas from threatening processes or managementantmns. Choosing an appropriate
image date to start the Trend time sequence vgitl BE more workable over a smaller
scale area where at least variability in seasamadlitions will be minimised and the fire
history is more likely to be well known. Dates owvdrich to run the Trends analysis could
also be matched to management interventions (eamging fire regimes or phosphite and
weed control). There is also scope to tie Landgsdr Trends analysis into the
monitoring of vegetation condition over small scateas. If the boundaries of poor
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condition areas are known over the ConservatioriRResr National Park, then
information on the extent of poor condition areashie ‘positive’, ‘negative’ or ‘stable’
trends class could be incorporated into a monigpprogram. This would allow at least
vegetation cover to be monitored on an annual lzasighe effectiveness of management
interventions to be gauged on more regular baais i possible with intensive ground
based methods.
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Appendices

Appendix A: Small scale study sites: fire histonydaLandsat Linear Trend class summary

information
Small Scale Study Sites Vegetation Condition Dieback Fire History Maximum Linear Trend Class
Type Class Interpretation - cover 1973
Category i of Maximum - 2008
burns length of
Verified | 1977 - time with
Site Name ID YSLB 2008 1973 burn status no burn
New Conservation Park
(Pinjar) 8 H1 Un-disturbed Infested (LC) 2 3 nataet - high cover 17 23 no major change (minortp@i
New Conservation Park
(Pinjar) 6 H1 Un-disturbed Uninfested (MC) 5 2 necburn but recovery evident >19 23 no major changaor positive)
New Conservation Park
(Pinjar) 9 H1 Un-disturbed Uninfested (MC) 5 2 necburn but recovery evident >19 23 no major chgngaor negative)
New Conservation Park
(Pinjar) 11 H1 Un-disturbed Uninfested (LC) 4 2 just burnt 52 26 no major change (minor negative)
New Conservation Park
(Pinjar) 7 H1 Un-disturbed Infested (LC) 17 2 jbsrnt 16 24 positive
New Conservation Park
(Pinjar) 10 11 Un-disturbed Uninfested (LC) 2 3 not recehigh cover 17 26 positive/no major change)
New Conservation Park
(Pinjar) 13 11 Un-disturbed Uninfested (MC) 5 2 a@ntburn but recovery evident >19 23 no major chgngnor positive)
New Conservation Park
(Pinjar) 14 11 Un-disturbed Uninfested (MC) 5 2 a@ntburn but recovery evident >19 25 no major chgngnor negative)
New Conservation Park
(Pinjar) 12 11 Un-disturbed Uninfested (LC) 4 2 tjbsrnt ~26 25 no major change (minor positive)
New Conservation Park
(Pinjar) 15 11 Un-disturbed Uninfested (LC) 17 1 stjburnt ~19 24 positive
Caraban UCL/State Fores 14 G2 Un-disturbéd Untiafe@MC) recent burn but recovery evident 15 23 no major change/positive
Caraban UCL/State Fores 17 G2 Un-disturbéd Untefed C) 4 not recent - high cover 7 22 no majwnge
Caraban UCL/State Fores 1§ G2 Un-disturbed Uniafed C) 22 recent burn but recovery evident 22 3 2 positive
Yanchep Plantation Uninfested
Remnant 24 G2 Un-disturbed (LC)/unmappable 9 2 not recent - high cover 18 24 ositjye/no major change
Yanchep Plantation
Remnant 25 G2 Un-disturbed Uninfested (LC) 9 2 not recemgh cover 18 24 no major change (minor positive)
Yanchep Plantation 26 G2 Un-disturbef Uninfested) (L 9 2 not recent - high cover 18 23 positive/ngamehange
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Small Scale Study Sites Vegetation Condition Dieback Fire History Maximum Linear Trend Class
Type Class Interpretation - cover 1973
Category i of Maximum - 2008
burns length of
Verified 1977 - time with
Site Name ID YSLB 2008 1973 burn status no burn
Remnant
Yeal NR - East 27 G2 Un-disturbed Uninfested (LC) 0 1 not recent - high cover > 35 19 no major chgngaor positive)
Uninfested fire scar evident - hard to determine negative/major negative (minor no
Yeal NR - East 28 G2 Un-disturbed (LC)/uninterpretable 6 1 how recent > 30 20 major change)
fire scar evident - hard to determine
Yeal NR - East 29 G2 Un-disturbed Uninfested (LC) 0 1 how recent > 35 20 no major change/positive
Yeal NR - South (NW of
Gingin Airfield) 31 11 Un-disturbed Uninfested (LC) 1 3 just burnt 16 20 positive/no major change
Yeal NR - South (NW of
Gingin Airfield) 32 11 Un-disturbed Uninfested (LC) 3 1 just burnt 33~ 24 no major change
Yeal NR - South (NW of
Gingin Airfield) 30 11 Un-disturbed Uninfested (LC) 27 1 just burnt 27 24 positive
recent burn but recovery evident o
Yeal NR - West 34 H1 Un-disturbed Uninfested (LC) 2 2 low intensity burn if very recent 20 21 no major change/positive
recent burn but recovery evident o
Yeal NR - West 37 H1 Un-disturbed Uninfested (LC) 2 2 low intensity burn if very recent 20 19 no majoange (minor positive)
recent burn but recovery evident o
Yeal NR - West 33 H1 Un-disturbed Uninfested (LC) 32 1 low intensity burn if very recent 22 23 positiveifior major positive)
recent burn but recovery evident o
Yeal NR - West 38 H1 Un-disturbed Uninfested (LC) 32 1 low intensity burn if very recent 22 23 positive
recent burn but recovery evident o
Yeal NR - West 35 H1 Un-disturbed Uninfested (LC) 6 3 0 low intensity burn if very recent ~36 23 positive
recent burn but recovery evident o
Yeal NR - West 36 H1 Un-disturbed Uninfested (LC) 6 3 0 low intensity burn if very recent ~36 24 positive
Melaleuca Park NR
(proposed) 3 11 Variable Uninfested (LC) >36 0 B@r present but not recent bugin ~ >36 22 positiveiajor change
Melaleuca Park NR
(proposed) 4 11 Variable Uninfested (LC) 3 3 fire scar preseat not recent burn 11 21 no major change/negative
Melaleuca Park NR
(proposed) 5 11 Variable Infested (LC) 13 2 jusiritu 13 18 positive
Melaleuca Park NR
(proposed) 1 11 Variable Infested (LC) 23 1 firaispresent but not recent burp 22 20 positive (miwomajor change)
Melaleuca Park NR
(proposed) 2 11 Variable Infested (LC) 26 2 firaispresent but not recent burp 26 20 positive (mimomajor change)
low cover but not neccesarily due {o negative/major negative (minor no
Maralla Road NR 39 11 Variable Uninfested (HC) 8 1 fire >27 20 major change)
Infested (MC) (minor low cover but not neccesarily due {o no major change/negative (minor
Maralla Road NR 40 11 Variable uninfested (LC)) > 36 fire >36 21 positive)
Maralla Road NR 41 11 Variable Uninfested (LC) >36|0 low cover but not neccesarily duefo  >36 21 tpasi{minor no major change)
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Small Scale Study Sites Vegetation Condition Dieback Fire History Maximum Linear Trend Class
Type Class Interpretation - cover 1973
Category i of Maximum - 2008
burns length of
Verified | 1977 - time with
Site Name ID YSLB 2008 1973 burn status no burn
fire
Yeal NR - South (N of positive/no major change (minor
Gingin Airfield) 42 11 Variable Infested (MC) 26 1 recent burn 26 17 negative)
Yeal NR - South (N of
Gingin Airfield) 43 H1 Variable Infested (MC) 8 2 eagent burn 18 19 no major change (minor negative
fire scar present but not recently
Yeal NR - North 44 H1 Variable Infested (HC) 7 2 burnt 8 19 negative (minor major negative)
fire scar present but not recently
Yeal NR - North 45 H1 Variable Infested (MC) 16 2 burnt 16 19 positive/no major change
fire scar present but not recently
Yeal NR - North 46 H1 Variable Infested (MC) 16 2 burnt 16 22 no major change
fire scar evident - hard to determinj no major change (minor negative
Yeal NR - North 47 11 Variable Infested (HC) 16 1 how recent 16 21 and positive)
fire scar present but not recently Trend information not available for
Yeal NR - North 48 11 Variable Infested (MC) 16 2 burnt 16 21 majority of site
Infested (MC) (minor
Yeal NR - North 49 11 Variable uninfested (LC)) 7 2 just burnt 8 22 negative (mino major change)
Uninfested (HC)
Poor (Nearby infested no major change (minor negative
Whiteman Park 20 H1 Condition areas) 20 2 not recent - high cover 19 16 and positive)
Uninfested (HC)
Poor (Nearby infested fire scar hard to determine how
Whiteman Park 22 H1 Condition areas) 6 2 recent 14 15 no major change/negative
Uninfested (HC)
Poor (Nearby infested fire scar hard to determine how
Whiteman Park 21 11 Condition areas) 20 2 recent 20 19 no major change/positive
Uninfested (HC)
Poor (Nearby infested fire scar hard to determine how
Whiteman Park 23 11 Condition areas) 28 1 recent 28 18 no major change/positive
Uninfested (HC)
Poor (Nearby infested negative/major negative/no major
Whiteman Park 19 11 Condition areas) 6 3 not recent - high cover 14 17 change
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Appendix B: Landsat Linear Trend classes 1973 -2199

See Figure 10 for details of trend class codes.

WSEABIRD
B

S | |
GUILDERTONM,, GINGIN

Legend

B Towns

|:| GSS Study Boundary
Trend Class
- Major positive
Positive
No major change

Negative

- Major negative

. MMUCHEA

i |
BULLSBROOK]

Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools

43



Gnangara Sustainability Strategy

Appendix C: Landsat Linear Trend classes 1992 -8200

See Figure 10 for details of trend class codes
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Appendix D: Location information of small scale diu

sites
Site Name ID Location (UTM coordinate in GDA 94 MGA zone 50) of
Centre Point of Sites
Easting Northing

Melaleuca Park NR (proposed) 3 397086 6494128
Melaleuca Park NR (proposed) 4 395291 6494575
Melaleuca Park NR (proposed) 5 396115 6493896
Melaleuca Park NR (proposed) 1 397968 6494409
Melaleuca Park NR (proposed) Y. 398514 6494414
New Conservation Park (Pinjar) 8 388478 650956
New Conservation Park (Pinjar) q 390351 6511571
New Conservation Park (Pinjar) 9 390356 6512239
New Conservation Park (Pinjar) 11 388990 6513162
New Conservation Park (Pinjar) 7 389896 65106271
New Conservation Park (Pinjar) 10 387924 6509674
New Conservation Park (Pinjar) 18 390229 6513661
New Conservation Park (Pinjar) 14 391433 6514057
New Conservation Park (Pinjar) 12 388119 6513930
New Conservation Park (Pinjar) 15 389529 6510938
Caraban UCL/StateForest 16 374208 6527514
Caraban UCL/StateForest 1y 374845 6527055
Caraban UCL/StateForest 1B 374716 6528787
Whiteman Park 20 400665 6480129
Whiteman Park 22 400260 6479656
Whiteman Park 21 399441 6478895
Whiteman Park 23 395994 6479327
Whiteman Park 19 399761 648032(
Yanchep Plantation Remnant 4 375565 6521717
Yanchep Plantation Remnant 25 376492 6521969
Yanchep Plantation Remnant 26 376607 6522404
Yeal NR - East 27 386821 6524031
Yeal NR - East 28 385702 6526069
Yeal NR - East 29 386573 6524945
Yeal NR - South (NW of Gingin Airfield) 31 388795 652155(
Yeal NR - South (NW of Gingin Airfield) 32 386748 6518826
Yeal NR - South (NW of Gingin Airfield) 30 388606 6521044
Yeal NR - West 34 380683 65247772
Yeal NR - West 37 381410 6524623
Yeal NR - West 33 380867 6525133
Yeal NR - West 38 380443 6525084
Yeal NR - West 35 381761 652509(
Yeal NR - West 36 381435 6525283
Maralla Road NR 39 403094 6487026
Maralla Road NR 40 403629 6487585
Maralla Road NR 41 403019 648759(
Yeal NR - South (N of Gingin Airfield) 42 390912 6520204
Yeal NR - South (N of Gingin Airfield) 43 392325 6521163
Yeal NR - North 44 385972 6528498
Yeal NR - North 45 385067 652892(
Yeal NR - North 46 384379 6528680
Yeal NR - North a7 382921 6527634
Yeal NR - North 48 384007 6529255
Yeal NR - North 49 385641 6527829
Monitoring Vegetation Condition on the Gnangara Mduthe role of Remote Sensing Tools 45



