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Ecological Linkages within the Pine Plantationsthe

Gnangara Groundwater System

Executive Summary

The State Government has indicated that the threegtantations on the Gnangara
groundwater system will be cleared by 2029 andargpd to native woodlands. The
Gnangara Sustainability Strategy has recommendgatity a portion of the cleared land
be restored to native vegetation, due in partedoiief that parklands will increase water
recharge and the high cost of total rehabilitattdowever, through strategic ecological
linkages, connectivity can be maintained, whilsballowing for areas in which maximum

water recharge can occur.

Within the pine plantations, patches of remnanetagon remain that were not planted
with pine, and it is these pine bushland patchasiwiorm the backbone of the proposed
ecological linkages in this report. Each pine larsth patch was assessed for condition,
landform, percentage burnt and wildings. This e@®bined with patch size, perimeter to
area ratio, and proximity to remnant vegetatiohstd each patch could be ranked,
allowing those that are likely to have greater egwlal value to be identified. Proposed
ecological linkages were then delineated to inclingelarger patches with the highest
ranking score whilst also incorporating vegetatomplexes which are poorly represented
on the Swan Coastal Plain.

Native vegetation still persists within pine contpants as well as those where the pine
has already been clear felled. This native vegetatas assessed for almost 25% of the
plantation area and blocks with greater than 10%etstorey or overstorey cover were
considered ‘good quality’. By combining the aredsemnant vegetation and the areas
with ‘good quality’ native vegetation, the areahiit each proposed ecological linkage

requiring complete rehabilitation could be deterediras well as an approximate cost.

In total, 19 ecological linkages have been proppsedering 15 500 hectares with
approximately 60% of this area requiring completeabilitation. The rehabilitation
establishment techniques and costing is still tddtermined, and the management of the
linkages will require further research and develeptrwith government agencies. Once
this has been finalised, these post-pine linkagés@mplement the regional ecological

linkages which are proposed for the remainder @fGnhangara groundwater system.

Ecological Linkages within Pine Plantations 1
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| ntroduction

An indication has been made by the State Governthahthe three pine plantations
within the Gnangara Sustainability Strategy (G3&)lsarea will be cleared of pine in
accordance with th&/ood Processing (Wesbeam) Agreement Act 2B02h commits the
State to providing wood from the Gnangara Moundfaitions until 2029. An
announcement was made by the Western Australida Gtavernment that the commercial
pine plantations on the Gnangara Mound would blanégd to native woodlands once the
pine is cleared (Department of Conservation andilldanagement 1999). However, the
cost of returning 23 000 ha of degraded land bagciative bushland would be extremely
expensive and there area also a range of comgatidguses on the urban interface of
metropolitan Perth. Whilst cost is one reasorpilaatations will not be completely
rehabilitated, the driving reason not to replahtkgared areas is the requirement of
groundwater recharge, as it is believed that paddanay increase groundwater recharge.
One way to retain ecological connectivity acrosslémdscape is through strategic
linkages, rather than rehabilitating broadscalasrthus reducing costs substantially.

The three plantations within the GSS study areemfsouth to north are, Gnangara, Pinjar
and Yanchep, all of which are planted predominantti? Pinus pinasteon sandy and
nutrient poor soils. Based on land use and groateivhydrology, the GSS has separated
the Gnangara groundwater system into 30 subaréiisthe commercial pine plantations
located across the Gnangara, West Gnangara, Wgat Bnd East Yanchep subareas
(Figure 1).

This study identifies the extent and conditionegjionally important ecological linkages
across the 23 000 ha of pine plantation in the &88&y area. The report only refers to
potential ecological linkages within the boundafyh® four designated GSS subareas that
contain pine plantations. These linkages were desligo provide connectivity of
vegetation and habitats primarily in an east-westction as well as to conserve patches of
remnant vegetation with vegetation complexes whrehpoorly retained and/or reserved
within the GSS study area. This study complemetiter work being done by the
Department of Environment and Conservation (DECH®&&m on ecological linkages
through the other 26 GSS subareas (Bretval. 2009).

Ecological Linkages within Pine Plantations 2



Gnangara Sustainability Strategy

Gingin Brook 3

HGINGIN

GUILDERTONE

Gingin Brook 4

East Yanchep

gke Mungala

TWO ROCKS Banksia

BUCHEA

Bullsbrook |
BULLSBROOK

East Gnangara

Ellenbrook Town

Grangara

Liake Gnangafa

Wihitfords
& Whiteman
ast Swdn
Perth Morth
PERTHE ,_> ‘-’."
A= N
Legend : P p
. . : i A,
Pine Plantation Cotteslps P'a\j Lg‘ 4h. /
T W N
I:l GSS Subareas ; / 0 250 5 10 15 20
FREMANTI;I;‘!:L e

Figure 1: The Gnangara Sustainability Strategyysauda and associated subareas. Those

which are relevant to in this report are outlinedlue.
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Landscape Connectivity and Spatial Characteristitcs

Remnant Patches

With habitat loss and fragmentation recognizechaswo primary causes of species loss in
Australia’s southern temperate zone (Morton 1988% a major threatening processes for
the Swan Coastal Plain (Department of Environmadt@onservation 2009) it is

important that landscape connectivity is maintaittedugh functional connections such as
ecological linkages. Fragmentation often createsllssolated populations which are
vulnerable to decline however this can be minimigg@&nhancing landscape connectivity
through the presence of continuous corridors ologcal linkages and stepping-stones.
This then allows for the movement of individualsddhus genes, through the environment
therefore supplementing declining populations, echey genetic diversity and assisting in
recolonisation (Bennett 2006).

Ecological linkages have multiple functions inclugliconservation of habitats for flora
and fauna in human-dominated environments, retemti@cological processes (Bennett
1999) and aiding the movement of fauna. It is gaeed that fauna need to move
between habitat and resource patches if their feetong-term conservation is to be
achieved (Bennett 1999; Hobbs 1992) and ecolotiidages provide a means to do this.
Bennett (2006) recognised that “a linked systemmoltiple remnants among which
species or propagules can disperse will be moeet®fe for long-term conservation than a

system of isolated remnants and populations.”

Landscape characteristics that have been foundpgadt on utilisation of corridors include
corridor size and shape, the topographic locatfadhecorridor and the size of connected
patches have all been found to be influential. difdnally utilisation will depend on
vegetation attributes within the corridor and thed resource availability. To ensure
utilisation and success of ecological linkages gssential to consider management to
maintain or apply appropriate disturbance regiroesirol invasive species, predators,
competitors and minimize ecosystem threateninggases have been identified as

essential to their success.

Whilst landscape connectivity is considered to eedficial to biodiversity conservation,
providing such connectivity is not as simple asvtimg structural connectivity, as the

Ecological Linkages within Pine Plantations 4
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success of an ecological linkage in facilitatinguament of an individual depends on the
dispersal and colonisation success of the spesiagl as the spatial arrangement of their
habitat. Landscape connectivity is species speaffia given landscape may be perceived
simultaneously as both connected and disconnegtéddspecies that differ in dispersal
characteristics. The movement responses of aesptxiandscape structure, such as
dispersal range and movement rates through difféaedscape elements, as well as how
those responses differ as a function of broadde scfiuences, need to be taken into

consideration when designing a connected landddaggor et al. 2006).

Whilst structural connectivity may not provide ftilooal connectivity, e.g. if a target
species does not use the linkage, the reverssadrale in that habitat does not necessarily
need to be structurally connected to be functigr@hnected (Tayloet al. 2006). Some
organisms are capable of linking resources acnossmhabitable or partially inhabitable
matrix, through their gap-crossing abilities (Dateal. 1994; Pither and Taylor 1998).

Landscape connectivity cannot be defined by andrddéandscape pattern; it must be
determined by the organisms’ perception and intenaevith the structure and
heterogeneity of the landscape (Taydbal. 2006). Assessment of such connectivity, both
prior to, and after management modifications suchalogical linkages, begins with
determining the movement and interaction of taocgganisms with the structural
heterogeneity of the resulting landscape (With @ndt 1995). In addition to these species
specific interactions with the environment, langscaonnectivity is influenced by the

matrix and the size and arrangement of resourahesat Tayloet al. 2006).

The size of remnant habitat is a critical determira species richness and population
abundance (MacArthur and Wilson 1963; Rosenzwe8b 19T he theory that species
richness and individual abundance will decreask witiuced patch size has been
supported by studies world wide (Dunstan and F®618ahrig 2001) and significant
relationships have been shown in Australia forgirdammals, reptiles and less
frequently, for plants (Howe 1984, Kitchener andaH082; Lyon 1987; Prober and
Thiele 1995; Suckling 1982). However, it is im@ort to remember that although some
species may require larger areas for survival;ighiet always as important as other

factors such as connectivity and the impacts chnidation on dispersal.

Ecological Linkages within Pine Plantations 5
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The shape of the remnant vegetation is also impbasi it determines the impacts from
edge effects which influence the diversity andgnity of remaining biota (Rosenzweig
1995). Such edge effects include disturbance agdadation from increasingly frequent
fires, altered light levels and weed invasions (b®h993). The proportion of a patch or
reserve which is exposed to these effects incremst®e perimeter to area ratio increases.
Small remnant patches with an irregular shapehaile a high perimeter to area ratio, and
thus a larger amount of the patch will be exposegbige effects than a large patch which

is more circular in shape (Buchanan 1979; Saureteak 1991).

Past Regional Linkage Studies

There have been two regional studies over thelfagears that have identified potential
ecological linkages across metropolitan Perth -hBtarever (Government of Western
Australia 2000b) and the Perth Biodiversity Proj&mtl Marcoet al. 2004). These two
studies describe conceptual regional linkages ad$800 m wide, linking major patches
of regionally important bushland. They do not shelere bushland is protected, or should
be protected, and expect further planning workeieinine the actual boundary of each
ecological linkage. Additionally, the Gnangara P@dncept Plan (Department of
Conservation and Land Management 1999) designatedgbtential corridors through the
plantation areas which link them to large areagofnant bushland. A range of Local
Government “local corridors” have also been dediggh&or the City of Wanneroo, City of
Swan, Shire of Chittering and Shire of Gingin. Tdéscal Government corridors vary in
width from 100 — 500 m wide. All proposed regiohiakages and local corridors are
shown for the Gnangara Sustainability Strategy (G88&ly area in Figure 2.

Existing proposals for linkages across the four G&&areas incorporating the pine
plantations in the GSS study area are shown inr&iguBush Forever (Government of
Western Australia 2000a) designated five regiorsitiyificant linkages which traverse the
plantations. The Perth Biodiversity Project (Delrivtaet al. 2004), building on the work

done for Bush Forever, added six regional linkabesugh the plantation areas.

Ecological Linkages within Pine Plantations 6
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The existing studies have highlighted the needdwige ecological linkages (Figure 4)

between:

Whiteman Park and the bushland in the East Gnarsgduarea;
Whiteman Park, Lake Gnangara and Lake Jandabup;

East Gnangara subarea and Lake Jandabup;

Gnangara and West Gnangara subareas;

Lake Pinjar and East Ghangara;

West Pinjar subarea, Lake Pinjar and Yanchep NaliBark;
Yanchep National Park and the Banksia subarea; and

Banksia subarea and the proposed Wilbinga resemglex

Whilst areas have been identified for linkage, ssegasment of the bushland within the

pine plantations was undertaken and no final boueslavere determined. The linkages

through the pine plantations, proposed by prevatudies, were not always based on the

presence of large remnant patches, and did not@#ise patches to determine those likely

to have the highest ecological value. Additiondilgy may not have taken into account

the future removal of pines, and therefore thedanga of State forest which may be

available for restoration and inclusion in linkages

Ecological Linkages within Pine Plantations 7
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Therefore the primary aim of this study was to tdgrb00-1 000 m wide ‘ecological
linkages’, thus gaining connectivity, through theepplantation network on State forest on
the Gnangara groundwater system that:

e Link the largest and best condition remnant bush|zatches;

* Maximises the proportion of existing bushland areha of good native
understorey and overstorey within the linkage #nesefore minimising the area
within the linkage that has degraded native vegetdb completely cleared areas,
which require extensive rehabilitation and revegeta and

» Contains Heddle vegetation complexes not adequegphgsented in the

conservation estate on the Swan Coastal Plain.

Methods

Study Site

The study site was the 23 000 ha of State foredtutne Gnangara, Pinjar and Yanchep
Pine Plantations on the Swan Coastal Plain northedfopolitan Perth. These plantations
fall within the GSS subareas Gnangara, West Gnanyéest Pinjar and East Yanchep
which cover almost 31 000 ha of the GSS study @iggure 1). All commercial pine is
planted on land owned by the State Government astbd as State Forest with the WA
Conservation Commission and managed by the Departofié&nvironment and
Conservation. The Forest Products Commission (lE@)and manage the pine trees and

all timber products within the plantations.

The plantations were planted by the State Goverhinghe 20" century (1929 to 1995)
and are to be cleared over a 25 year period (20@R27). They occur on the sandy soils
of the Spearwood and Bassendean Dune Systems aaestablished by clearing native
vegetation (woodlands and wetlands) on appropyiatelected soils. Depending on when
the section of plantation was established, somasasteither very deep sand dune or
wetland were not cleared and planted to pine asweee unsuitable. These unplanted
remnant vegetation patches, within the plantatiatri as well as the persisting and
regenerated native understorey following pine distament, form the basis for the

selection and shape of the proposed ecologicahdje& in this study.

Ecological Linkages within Pine Plantations 11
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Adjoining the plantations are large areas of natve@dlands on conservation estate —
Banksiawoodland to the north and east; tuart woodlandeemorth-west in Yanchep

National Park; and mixeBanksiaMarri Woodlands to the south in Whiteman Park.

Bushland Extent and Condition Survey

The existing DEC and FPC maps of the GnangaraaPamd Yanchep Plantations were
used to identify possible remnant vegetation ‘pastiithin the plantation that were not
planted to pine. Roads were not assessed unleasgsbeiated reserve was ‘unusually
wide’ (> 30 m width). The remnant patches in themidock of the Gnangara Plantation
(between Gnangara and Neaves Roads) were survey@ttober to December 2007. The
site visits to the remnants for the remainder ocd@yara, Pinjar and Yanchep Plantations
were completed in February-March 2008. Each path examined using a rapid
assessment (5 — 15 min) primarily by the senion@uio determine:

* whether the landform and vegetation is upland dfand;

« if the patch was burnt in any of the past four ggaisual assessment only);

» ifit represents either bushland or cleared breaks;

« the visual condition of the vegetation [broadlyldaling the Keighery (1994);

bushland condition rating scale (table 1)];
* the relative amount of pine wildings (ranked 1&)d

e any comments about the site.

Phytophthoradieback was not visually assessed during thekkwigits and thus not used

in the vegetation condition rating.

Ecological Linkages within Pine Plantations 12
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Table 1: Keighery condition scale from Keighery 449

Pristine

Pristine or nearly so, no obvious signs of distadea

Excellent
Vegetation structure intact; disturbance affectimdjvidual species; weeds are non-

aggressive species

Very Good
Vegetation structure altered; obvious signs ofudisince. For example, disturbance tp
vegetation structure caused by repeated firegqyrdsence of some more aggressive

weeds; dieback; logging; grazing.

Good
Vegetation structure significantly altered by vetyious signs of multiple disturbances.
Retains basic vegetation structure or ability tperesrate it. For example, disturbance|to
vegetation structure caused by very frequent fitespresence of some very aggressjve

weeds at high density; partial clearing; diebackzng.

Degraded
Basic vegetation structure severely impacted btyihance. Scope for regeneration but

U

not to a state approaching good condition withotgrisive management. For exampls
disturbance to vegetation structure caused by veguent fires; the presence of very

aggressive weeds; partial clearing; dieback; goazin

Completely Degraded
The structure of the vegetation is no longer ingant the area is completely or almost
completely without native species. These areasféea described as ‘parkland cleared’

with the flora comprising weed or crop species wstilated native trees or shrubs.

Bush Forever (Government of Western Australia 2C08&h2000b) defined bushland as
native vegetation in good or better condition basethe Keighery (1994) condition scale.
Therefore, non-pine plantation areas completelgrel@ of native vegetation and those

with ‘degraded’ native vegetation were excludedrfriie analysis of ‘bushland’ remnants.

A shapefile was created for the remnant patchdsmand directly adjoining the three
plantations based on aerial photographs, the egiglantation plans and site visits. A map

of bushland extent and condition was then prepared.
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Determining Representativeness of Vegetation

Heddleet al. (1980) mapped the vegetation complexes acrosSwia@ Coastal Plain.
Janine Kinloch used the Heddle vegetation complexresthe Department of Agriculture
and Food Western Australia (DAFWA) 2006 remnantetation mapping to assess the
pre-European and current extent of complexes fautlde GSS study area. A separate
technical report outlines the findings of this stuacluding their level of retention and the
priority for additional protection within the GSRifloch and Valentine in prep).

Ranking of Bushland Patches

In order to rank the bushland patches, a serissmks, based on attributes of the bushland
remnants (condition, area, perimeter to area raéigetation complex, and proximity to
remnant vegetation), were allocated to each pisbdland patch. All scores, except
proximity to remnant vegetation, were totalled édach discrete patch, with a higher score
indicating a greater ecological function. Oncesthtotal scores were calculated the
patches with the highest scores had a proximityesadded to it so as to further rank them
according to proximity to remnant vegetation. Eatthibute is outlined below, with

details on how each of the scores were allocated.

Condition Score

The condition rating attributed to each patch dyitimee bushland extent and condition
survey was assigned a score (Table 2), followingyiery (1994), with ‘Excellent’ being

given the highest score and ‘Good-Degraded’ theegiw

Table 2: Condition Score

Condition Rating Score
Excellent 6
Excellent — Very Good 5
Very Good 4
Very Good — Good 3
Good 2
Good - Degraded 1
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Area Score

The area was calculated for each discrete busigatoth and these were then divided into
five classes. If a bushland patch consisted ofenttwein one polygon (i.e. there was a
division due to vegetation condition, wilding scarean arbitrary division) then both
polygons were given the same area score, fromadimpasite patch, as they contribute to
this patch. The classes and their associatedsaoedisted in Table 3 below, with the

highest score attributed to the largest patches.

Table 3: Area classes and score

Patch Size Score
>350 ha 5
100.1 — 350 ha 4
10.1 - 100 ha 3
1.1-10ha 2
0-1ha 1

Perimeter to Area Ratio Score

The perimeter to area ratio was calculated for egtrete patch however, as with the area
score the same value was attributed to all polygdrish contributed to that patch, if
multiple polygons existed. The ratios were thend#id into classes with equal intervals,
and assigned a score as displayed in Table 4. elibls a smaller ratio were given a

higher score as they had a greater internal area.
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Table 4: Perimeter to area ratio classes and scores

Perimeter to Arearatio Score
0-0.02 8
0.021 -0.04 7
0.041 - 0.06 6
0.061 - 0.08 5
0.081-0.1 4
0.101-0.12 3
0.121-0.14 2
0.141-0.16 1

Vegetation Complex Score

Using the analysis of the Heddle vegetation conggderach vegetation complex was
assigned a score depending on its restrictionptieteand reservation (degree of
protection under DEC-managed estate) (Table 5% Gave greater priority to those
vegetation types which are rare within the landecayhere a patch consisted of more
than one vegetation status, it was assigned thre s€dhe vegetation complex which made
up the majority of the patch.

Table 5: Vegetation status and score

Vegetation status Score

<30% retained over SCP and GSS study area or >6@¥&eo0 | 3

European extent occurs in the GSS study area

<30% of current extent is protected in the GSSysarda 2

No additional protection required 1

Proximity to Remnant Vegetation Score

The proximity of each pine bushland patch to anoplaéch of remnant vegetation, either
within, or outside the pine plantations, was deteeu by buffering the remnant vegetation
shapefile at a distance of 50 m. This allowedptteximity of any patch to its closest
remnant vegetation patch to be determined to wilBim. The proximity ranged from O

to 1250 m. The distances were again divided ilgsses and scored (Table 6). Those
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with patches in close proximity were given the lagfhscore so as to give weighting to
connectivity of patches.

Table 6: Proximity classes and scores

Proximity to nearest remnant vegetation (within 50m) Score

0-49m

50-99m

100 -199 m

200 - 299 m

300-499 m

RN W A~ O O

> 500 m

Native Vegetation Assessment under Pine

The identification of the extent (percentage cavst species diversity) of the native
overstorey and understorey in planted pine compartsis a second component of this
study. In 2004, the DEC Swan Coastal District\ad tenders to evaluate the native
vegetation across the south eastern part of thagama Plantation. However, by mid-2007
the report for the first half of the work was oimydraft form and the DEC had not
received the second draft report nor any of the d@ata. The GSS team, through Tracy
Sonneman, followed up with the consultants to cetepihe work and to have the DEC
District (through Clayton Sanders) and the GSS(tgh Paul Brown) provide feedback on
the draft documents. The two consultant reportewempleted and GIS data provided to
the DEC and the GSS Taskforce in 2008.

Woodman Environmental Consulting (2005; 2008) wenatracted to identify, describe
and map areas of persistent native vegetation mreselerneath pines within the eastern
half of the GSS Gnangara subarea, (east of CerdnedMd Silver Road). Each pine
compartment was surveyed for native flora persystinder pines with a list of species
generated for each compartment. A range of vegetagpes under pines were recorded
and mapped. Cover values for native understordyoarrstorey were visually estimated
in the field, and given as a percentage cover rafigese percentage cover ranges were:
0-2%; 2-10%; 10-30%; 30-70% and 70-100%.
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In the remainder of the GSS Gnangara subarea, lhaswbe West Gnangara and West
Pinjar subareas which had not surveyed by Woodnmmar&hmental Consulting, DEC

staff drove tracks and roads to visually estimait map the total percentage cover values
of native overstorey and understorey. This wasttalen between July and November
2008 for all pine compartments within the West Gyaaa and West Pinjar subareas and
for the pine compartments within the proposed egio# linkages and the northwest

corner of the Gnangara subarea.

A contract has been tendered by the DEC GSS teawvalaate the within pine
compartment native overstorey and understoreyparaion of the East Yanchep subarea.
This data was not available for this report (Woodrgavironmental Consulting in prep).
However, transect based native understorey denagyndicated that the native vegetation
in East Yanchep is diverse, dense and still widemp{Department of Conservation and
Land Management 2002).

The results from the previous surveys were analjceétermine the relative distribution
of the percentage cover ranges. This indicatetktteas with understorey or overstorey
within the two highest percentage cover ranges wesece, and would therefore not prove
to be useful in differentiating the compartments.we were limited by the ranges
previously supplied, determining categories forgbecentage cover that could be
considered representative of ‘good quality’ vegetatvas challenging. We therefore
made the subjective judgement that areas withii@80% and above (i.e. greater than
10%) range of understorey or overstorey providdficeent cover to distinguish whether
areas contained ‘good quality’ native vegetationatr This was based on the field
assessment that these areas could clearly befiddrats having comparatively

‘significant’ native vegetation, and the fact tkfais threshold enabled us to map areas in
large enough blocks to be of use in calculatingotbgsible impact of persisting native
vegetation on the placement of linkages and tledialilitation requirements.

Furthermore, the location of these “good qualitgas suggested that the presence of more
than 10% vegetation cover may indicate some inclzeacteristic or past management
practice that allowed native vegetation to remaig.(wetland soils), and therefore allow
us to distinguish areas where previous disturbahcative vegetation may have been

minimal.

Ecological Linkages within Pine Plantations 18



Gnangara Sustainability Strategy

The use of ecological thresholds, such as the 1€8¢ribed above, is gaining popularity in
land use policy (Lindenmayer and Luck 2005). Them@so an increasing amount of
research that supports the theory of ecologicaktiwlds (Radfordt al.2005). A local
example which employed thresholds was site ideatiton for Bush Forever, which used
representation and retention of vegetation comgl@sea key criterion. Inherent in the
planning process was a general presumption agdeeing any complex with less than
10% remaining in the Perth Metropolitan Region jporof the Swan Coastal Plain

(Government of Western Australia 2000b).

Using the 10-30% range as a minimum vegetationrdaveclassifying areas as ‘good
quality’, involves the assumption that such aredisraquire less rehabilitation than those
without this level of native vegetation. This dowd mean these areas do not require
further rehabilitation, however with a greater atenf internal recruitment, supplemented
with recruitment from surrounding remnant bushlpatthes, it is assumed that less

restoration effort will be required.

Given the decision to use the 10-30% range as thienum value, the following two
criteria were used to produce shapefiles of aréagod quality’ native vegetation within
pine compartments:

» Total cover of native overstorey (if present) —agee than 10%; and/or

* Total cover of native understorey (if present) eager than 10%

Delineating Ecological Linkages

Boundaries of potential ecological linkages wenachdrawn across the four GSS subareas
that visually met the following criteria:
* Meets the regional linkage objectives for the beva@SS project;
» Links the best condition and largest bushland rermtsngether in a 500 - 1 000m
wide linkage across a section of the subarea,;
* Includes areas of ‘good quality’ native vegetaiiopine compartments; and

» Targets the vegetation complexes that have not béequately protected.
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Boundaries of linkages were adjusted and refinsgdban GIS analysis, expert input and
field assessment. We then calculated the folloangeach ecological linkage:

e area (ha)

e maximum length (m), mean width (m)

» the proportion of each Heddle Vegetation Complex

» the proportion of “Bushland”, defined as native &&gion in good or better

condition based on the Keighery (1994) conditicalesc
» total cover of native overstorey and/or native usttgey — greater than 10%;
* remaining area that requires complete rehabiliatiionative woodland

» approximate cost of rehabilitation based on $10&6@ctare.

Results

Bushland Extent and Condition Survey

Bushland Patch Extent, Distribution and Size

A total of 6 100 ha of non-pine, and therefore potdly remnant native vegetation, was
identified in 352 patches which were visited anskased in the four GSS subareas.
However 214 ha, or 27 patches, of these were feaube completely cleared of native
vegetation and four hectares in four patches wenéeEucalyptus arboretums. Bush
Forever (Government of Western Australia 2000a20@Db) defined bushland as native
vegetation in good or better condition based orkibighery (1994) condition scale. Thus
a further 78 ha in 54 patches were assessed asd@etj, so not included in the
subsequent analysis of ‘bushland’ remnants (85%efion-pine areas designated

Degraded were in the Gnangara subarea).

The attributes of the remaining 5 804 ha, in 263htand patches, ranged in size from 0.08
to 940 ha with variation between subareas (FiglwreEast Yanchep contained the second
largest patches with West Gnangara containingatgest patch. This range in size has
resulted in an average perimeter distance of 1n8@Hd an average perimeter to area ratio
of 0.046, with a standard deviation of 0.033, fibf@ur subareas (Table 7).
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Table 7: Broad characteristics of bushland remnaertsss the four GSS subareas.

GSSsubarea Gnangara West West East Total
Gnangara Pinjar Y anchep
Total area (ha) of the subarea 7 666 4 096 1663 17525 30951
No of discrete patches 135 48 23 61 267
Total area of patches (ha) 1252 1317 652 2583 5804
Mean area (ha) 9 27 28 42 22
Area of smallest bushland patch 0.08 0.11 0.43 0.10 0.08
Area of largest bushland patch 177 940 309 444 940
Aver age Perimeter (m) 1492 1 923 2 306 2 610 1895
Average Perimeter to Area Ratio 0.049 0.047 0.03( 0.0444 0.046
120 -
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Figure 5: The distribution of patch areas acrbssfour subareas and the study site as a

whole.

The pine bushland patches were generally not evdisisibuted between or within the

subareas. The greatest number of bushland patckased in the Gnangara subarea and

within this subarea they were biased to the nantheast of the plantation (except for a
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few bushland blocks on the western edge of thetgiam). There was also little bushland
in the southwest quarter of the plantation and wiichtemain was only in Good condition.
Similarly, West Gnangara has the largest numbeatifhes to the east, with most
stretching across the plantation and one largehpatthe centre. In contrast, West Pinjar
appears to be more uniform and East Yanchep has fedividual patches with generally
larger areas that are more prevalent to the wekkisouthern half of the subarea.

West Gnangara has the second highest proportipmefbushland out of all the subareas
surveyed, with West Pinjar containing the high&hangara and East Yanchep have
almost the same component of pine bushland patchesch subarea.

Vegetation Condition in Bushland Remnants

Overall there were a greater number of bushlanchpatrated as Excellent (67%) than any
other class. The condition Excellent-Very Good tresecond largest area attributed to it
(15%) and the total area within each conditiomigthen continued to decrease as the

condition declined (Figure 6).

Condition rating was not evenly distributed amortgstfour subareas. The Gnangara
subarea had the greatest number of patches indbd 6 Very Good categories whilst the
other subareas were predominantly Very Good to llerde For example, Ghangara was
the only subarea with less than 80% of bushlandhaens in Excellent condition (only
13% in Excellent condition). The East Yanchep sedd&ad 80% of the bushland
remnants in Excellent condition and a further 15k acellent-Very Good. In
comparison, the West Gnangara and West Pinjar sabdoth had greater than 80% of
bushland in Excellent condition, but had slighttyadler proportions in Excellent-Very
Good condition, and unlike East Yanchep they dieresmall percentage of remnants in

Good and Good-Degraded conditions.

The vegetation in the largest 45 patches (overa2i Bize) were all rated as Very Good to
Excellent condition. Excluding these 45 patchestdlwas no correlation between
bushland patch size (ha) and vegetation condititing. This is consistent with studies
conducted on the eastern side of the Swan Codaial Rhich indicated that even small

bushland patches, if not disturbed, can be veiligesto weeds and degradation
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(Government of Western Australia 2000b; Keighetral. 1997). Sites with heavy soils
containing a high percentage of clay often dispihay resilience which Keighemt al.
(1997) suggests is related to the following factdensity of cover of plant communities,

seasonal inundation and the dry impenetrable nafiuckay-based soils in summer.

The relationship between condition and landformeaded that the uplands were more
frequently in Excellent condition than the wetlan@f the uplands, 89% were rated
excellent or Excellent-Very Good however only 37%tlee wetlands fell within these

condition rating categories.

Pine Bushland Condition

2500

B Excellent® Excellent - V.Goodd Very GoodO V. Good - Goodll Good B Good - Degradeb

2000+

1500

Area(ha)

1000+

500

Gnangara West Gnangara West Pinjar East Yanchep
Subarea

Figure 6: Attributes for bushland remnants in eafcthe Gnangara Sustainability Strategy

subareas containing extensive areas of pine piantat

Landform and Vegetation Type

Overall, uplands make up 86% of the total areaested; however wetlands are distributed
unevenly across the four subareas. The bushlacntgsain the East Yanchep subarea are
almost all uplands (99%) with only three wetlandssent. The bushland patches in the
West Pinjar subarea are also predominantly upléPs) with only four wetland patches.
Whilst the patches in West Gnangara are predominaptand (82%), if the one large
patch (904 ha) is excluded then the percentagelahds decreases to 48% thereby
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making wetlands predominant in this subarea. \Withe Gnangara subarea, the majority
of bushland patches were upland sites (61%), howexrelst the total area covered by
wetlands in Gnangara is less than that of uplamelsitmber of individual patches

classified as wetlands outweighs that of uplands.

The wetland sites consisted predominantly bfedaleuca preissianaverstorey whilst the
majority of upland sites weiganksiawoodlands or limestone heaths. Within the
Gnangara and West Gnangara subareas, the uplaipatere predominantly Banksia
woodland on grey sands on Bassendean Dunes, ardithe no evidence of limestone
outcropping, yellow sands nor Spearwood vegetdtipes. West Pinjar and East Yanchep
subareas are situated on Spearwood Dunes ovega oaileddle Vegetation Complexes.
Thus they had greater diversity in the overstorfeayptand patches with scattered eucalypts
(Tuart, Blackbutt and Jarrah), Marri and CasuariAdditionally, limestone outcropping

was also common in these bushland remnants.

| mpact by Fire and Pine Wildings

Few bushland remnants have been burnt in the pasyéars and it would appear many
are long unburnt. Overall 70% of the pine bushlemnants are unburnt (in the last four
years) with Gnangara having a considerable pergerdbush unburnt (95%). Records of
prescribed burning by CALM / DEC in the Gnangararfeation originally indicated that
few bushland patches had been burnt in the lageafs (Mike Cantelo, District Fire
Coordinator pers. comm.) however a large amount¢mhant vegetation was burnt in
2008/2009, particularly within the West Gnangarbasaa. Both West Pinjar and East
Yanchep have 75% of their pine bushland remnartisinm whilst West Gnangara only
has 32%.

Pine wildings were noted in the majority of patghHeswvever in the larger patches this
tends to be concentrated along the perimeter. 8dgé effects are notable as the smaller
patches of bush tend to have higher wildings ratinbhe majority of bushland patches
received the lowest pine wilding rating of 1 (76862 (19%) with only a few having more
severe wilding infestation (leaving 5% with a rgti®+5). The majority were large saplings
3 — 4 m high, but there was a full range of pimresiffully grown trees to small seedlings
< 0.5 m high. Gnangara was the most affected hg wildings with 60% of patches rated
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as 2 and the highest number of patches with agafii3 (13%). The other three subareas
were not as badly infested as Gnangara with Weah@ara recording 91% of patches
rated as 1, and West Pinjar and East Yanchep with &d 90% of their patches rated as 1

respectively.

Ranking

The total scores, without the proximity score, ih§rom 6 to 22, with 22 being the
maximum score achievable. Only two patches sc@Pedith the majority scoring 16.
The scores were divided into classes (Table 8habthe proximity score could be added

to those in the top two classes.

Table 8: Total scores without proximity and scdesses

Score Polygon Count Polygon Count (%) Score Classes

6 3 0.8

7 2 0.5

Very Low

8 8 2.0

9 6 15

10 18 4.5

11 26 6.6

Low

12 30 7.6

13 30 7.6

14 38 9.6

15 33 8.3

Moderate

16 44 111

17 39 9.8

18 33 8.3

19 35 8.8

20 29 7.3 High
21 20 5.1

22 2 0.5

Once the proximity score was added the final se@® again divided into classes as seen
in Table 9.
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Table 9: Total scores, with proximity added to tWve highest classes, and their associated

score classes

Score Polygon Count Polygon Count (%) Scor e Classes
0 123 31.1 Very Low
16 7 1.8
17 7 1.8 Low
18 15 3.8
19 36 9.1
20 33 8.3
21 28 7.1 Moderate
22 28 7.1
23 31 7.8
24 25 6.3
25 24 6.1
26 22 5.6 High
27 15 3.8
28 2 0.5

This then indicated which patches may have higbelogical values by assigning them
higher scores. Figures 7-9 show the four subaedgheir associated bushland patches
(coloured to show their final ranking). These figmialso show the locations of the

proposed ecological linkages.

Once ranked, almost all of the pine bushland patehthin the high score class were
located within one of the ecological linkages elssaled by this study. Of the seven
patches that were not within a linkage, four wexaated outside of the pine plantation
(they are adjacent to remnant vegetation withinpihe plantation) and hence outside of
the subareas in which ecological linkages weregtesed. The percentage of patches
outside of the linkages continued to increaselfermoderate and low score classes then

decreased slightly for the very low score clas$9(@40).
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Table 10: Statistical analysis of final rank scoli@sses

No. of polygons No. of polygons % of polygons
Score Class in Score Class outside Ecological outside Ecological
Linkages Linkages
High 88 4 5
Moderate 156 54 35
Low 29 20 69
Very Low 123 68 55
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Figure 7: The East Yanchep subarea and its assddiashland patches (with final rank)
and ecological linkages
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Figure 8: West Pinjar and West Gnangara subardhgheir associated bushland patches

(with final rank) and ecological linkages
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Figure 9: Gnangara subarea and its associatedamasphtches (with final rank) and

ecological linkages
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Determining Representativeness of Vegetation

There are nine vegetation complex types represewtaah the four GSS subareas
containing commercial pine plantation, most of whaee poorly reserved within the GSS
area and the Swan Coastal Plain (SWAZ2 bioregioabl@11). Previous work, by both the
GSS and Ecological Australia (2008), allowed eaetpetation complex in the GSS area to
be assigned a vegetation complex score, of whietetivere four, however only three of
these are present within the four subareas ofdsté¢Figure 10). A vegetation complex

with a score of 1 requires no additional protectemoutlined in the methods above.

The Bassendean Complex-North is largely restritdieétie GSS study area (60% of pre-
European extent within GSS) however it is well esgnted in the pine bushland patches
and conservation reserves. Of the other two caxeglevhich are largely restricted to the
GSS study area, one is poorly represented witld@rpihe bushland patches but is well
reserved (Karrakatta Complex — North/Transitionne other, the Pinjar Complex, has
inadequate levels of retention both on the Swarstab®lain and within the GSS study
area with Jandabup Nature Reserve being the oséywed area. The Pinjar Complex
comprises less than 1% of the total pine bushlatches (33 ha) with small remnants
located within all four subareas, and only half aa®ndition rating of Very Good or
above.

Whilst not being restricted to the GSS study atteere are three vegetation complexes,
represented in the four subareas, which have inededevels of retention within the GSS
area (i.e. there is less than 30% remaining on th&tswan Coastal Plain and in the GSS
study area). The protected areas of the Karrakaitaplex-Central and South in the GSS
study area are Woodvale Nature Reserve, Kings &atlareas of State Forest. The
occurrence of this complex in State Forest, is pihwithin bushland patches (303 ha)
which comprise 5% of the remnants surveyed, th@ntgjof which are within the West
Pinjar subarea. Of these patches 143 ha are iellIErt condition with all other patches in
a better than Good condition. Whiteman Park aateStorest are the only areas of
Bassendean Central and South which are protedtedse in State Forest are pine
plantation, with only 4% of all pine bushland pasltomprising this vegetation complex.
Of the 206 ha of this complex, only 40 ha is in &lent-Very Good condition and 93 ha
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are in Very Good condition. All of these patchasédnbeen included in a proposed
ecological linkage.

The three remaining complexes which are poorlyrueskein the GSS are in the Spearwood
Dunes - the Cottesloe North, Cottesloe Central@mah and Karrakatta North complexes.
These complexes occur primarily within State Foaest Unallocated Crown Land, neither
of which are secure conservation reserves, howaeserall portion of Cottesloe North is
protected within Yanchep National Park. Cottesloenplex-Central and South has less
than 20% of its current extent within the GSS gmediected, with Neerabup National Park
being the major area protected. This complex csaprl6% of the pine bushland patches
with remnants located within the West Pinjar andtE&anchep subareas and all of which

are in Excellent condition. Only 15% of the pinesbhland patches contain the vegetation

type consist with the Cottesloe North complexpélvhich are within the East Yanchep

subarea. Similarly, all of the remnant patchethefKarrakatta complex occur within the

East Yanchep subarea. The pine bushland patchea#i Gdrthese complexes have been

encompassed in a proposed ecological linkage.

Table 11: Area in hectares of each vegetation cexwithin each subarea with

proportions (%) shown in brackets.

Vegetation Complex Gnangara | West Gnangara | West Pinjar | East Yanchep | Grand Total
Bassendean Complex-Central

And\South*% 206 (16) 206 (4)
Bassendean Complex-North+% 717 (57 1145 (87) H(O 1868 (32)
Bassendean Complex-North-\Transition 319 (26 =y 476 (8)
Cottesloe Complex-Central And\South% 385 (60) (6221%] 929 (16)
Cottesloe Complex-North% 864 (33) 864 (15)
Karrakatta Complex-Central And\South*9 0.02 260)(4 43 (2) 303 (5)
Karrakatta Complex-North% 1122 (43) 1122 (19)
Karrakatta Complex-North-\Transition+ 3(0.1) (0305)
Pinjar Complex+*% 9(1) 17 (1) 1(0.2) 5(0.2) 33 (
Grand Total 1251 1319 646 2588 5804

"+ largely restricted to the GSS study area (>60%re-European extent within GSS)
* inadequate levels of retention (< 30 % SCP a3 €6 GSS)
% poorly reserved - less than 30 % of their curextéent within the GSS protected
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Figure 10: Remnant vegetation and its associatgdtagon complex score within the four

subareas.
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Once the proposed ecological linkages have beeabiléhted the area of remnant
vegetation within each vegetation complex will bereased. For seven of the nine
complexes, the area of remnant vegetation withoh sabarea (listed in Table 11) will
double (Table 12). Of these complexes, four wellicreased more than two-fold. The
Karrakatta complex North\Transition will increaserfi 3 ha to 164 ha. The Karrakatta
complex Central and South, which has inadequatddenf retention and is poorly
reserved, will increase from 303 ha to 1222 hath@ftwo complexes which will not
experience a two-fold increase, the Pinjar compliéixhave only a portion of its
occurrence within the pine plantations incorporatean ecological linkage (7 ha). The
majority of this vegetation complex occurs on tloetdary of State forest in very small
isolated patches which are not in close proxinmotgther pine bushland patches, therefore

making it difficult to include.
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Table 12: Vegetation complex composition of eadppsed ecological linkage, once rehabilitated @dres).

Bassendean Bassendean Cottedoe Karrakatta Karrakatta
. _ Complex- Bassendean Complex-North- Complex- Cottedoe Complex- Karrakatia Complex-North- Pinjar Grand
Ecological Linkage Complex- o Complex- Complex- o
Central \Transition Central Central \Transition Complex Total
And\South North Vegetation Complex | And\South North And\South North Vegetation Complex
Gnangara — 9 755 0 756
Gnangara — 6B 165 115 281
Gnangara — 6A 699 36 736
Gnangara — 4 126 82 189 397
Gnangara — 8 151 59 4 213
Gnangara — 7 420 52 472
Gnangara — 1 312 68 58 438
West Gnangara — 5C 212 212
West Gnangara — 5A 707 121 4 832
West Gnangara — 5D 259 45 303
West Gnangara — 5B 399 399
East Yanchep — 2 9 399 747 306 1461
East Yanchep — 4 1201 748 57 2006
East Yanchep — 6 23 149 1101 164 1437
East Yanchep — 8 12 1233 912 2157
East Yanchep — 10 517 779 1296
East Yanchep — 11 668 599 1267
West Pinjar — 21 64 174 238
West Pinjar — 23 354 244 599
Grand Total 438 3960 676 2168 3166 1222 3698 164 7 15499
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Native Understorey and Overstorey Assessment

Of the 7 364 ha of pine plantation assessed fovenanderstorey and overstorey 3 152 ha,
or 43%, had a cover greater than 10% for eitheerstdrey or overstorey. West Gnangara
had the highest percentage (66%) of assessed fubantath native understorey and
overstorey greater than 10%, followed by West Pi(§8%). The Gnangara subarea had
the lowest percentage (26%) of assessed area withderstorey or overstorey greater
than 10%. It is expected that East Yanchep wikibd@lar to Pinjar and West Gnangara in

terms of its persistent native vegetation.
Determining Ecological Linkage Locations

Within each subarea approximately half of the gilaantation has been proposed to be
included within an ecological linkage. The areasyhnant vegetation, ‘good quality’
understorey and/or overstorey and the percentagaatf linkage requiring complete
rehabilitation are displayed in Table 13 belowhathie details for the remaining areas
displayed in Appendix 1. This shows that withie t® proposed ecological linkages
(Figures 7-9) which cover 15 500 hectares, only{4 Bectares, or 60% of the total linkage
area, requires complete rehabilitate. Table 14n@ast some brief spatial characteristics of

each of these proposed linkages (see Appendix thédinkage associated with each ID).

While the percentage of each subarea designataa @sological linkage is similar, the
area of each of these linkages which require rditetion is variable between subareas.
The Gnangara and West Gnangara subareas havedhessiportions (43%) assigned to
ecological linkages however Gnangara requires faremehabilitation of its linkages, with
53% requiring rehabilitation, whilst West Gnangandy requires 10% of the linkages to
be completely rehabilitated. West Pinjar hasghdlly higher portion assigned to linkages
(50%), followed by East Yanchep (55%). Again théfer in the amount of rehabilitation
required within these areas. West Pinjar only sgtido of the area designated as a

linkage rehabilitated, whilst East Yanchep requit®%o, at this stage of analysis.

Appendix 3 provides a list of the strengths andkmeases for each of the 19 proposed

ecological linkages on the ex-pine plantation lameishe Gnangara groundwater system.
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Table 13: Basic statistics on each ecological lggkancluding the area requiring complete rehalbitita

Area of Area Total area | % as Total area | % assessed | Area % of linkage | Costto

Subarea and Total area OS | Total area US
_ Bushland | Cleared | of linkage Rem with OSor | with good requiring requiring rehabilitate

LinkageID >10% (ha) >10% (ha) o .

(ha) (ha) (ha) Veg US>10% USor OS rehab (ha) rehabilitation | ($millions)
Gnangara—9 169 586 756 229 0 202 202 38% 384 51% 3.84
Gnangara — 6B 131 149 281 479 0.1 0.7 0.8 1% 148 % 53 1.48
Gnangara — 6A 229 507 736 319 0 153 153 34% 353 % 48 3.53
Gnangara — 4 171 226 397 439 18 20 37 20% 189 48% .89 1
Gnangara — 8 72 141 213 349 0 22 22 20% 119 56% 1 1
Gnangara — 7 147 325 472 319 7 81 82 30% 242 51% 42 2.
Gnangara — 1 106 332 438 249 10 31 32 13% 300 69% 3
West Gnangara—5C 61 151 212 299 14 109 110 79% 41 19% 0.41
West Gnangara — 5A 756 75 832 919 12 38 38 73% 37 % 4 0.37
West Gnangara — 5D 158 145 303 529 0 61 61 47% 84 28% 0.84
West Gnangara — 5B 181 218 399 459 46 198 198 98% 1 2 5% 0.21
East Yanchep — 2 52 1409 1461 4% 1409 96% 4.091
East Yanchep — 4 682 1324 2006 349 1324 66% 12.34
East Yanchep — 6 102 1335 1437 7% 1335 93% 13.35
East Yanchep — 8 675 1482 2157 319 1482 69% 14.82
East Yanchep — 10 545 751 1296 429 751 58% 7.51
East Yanchep — 11 348 919 1267 279 919 73% 9.19
West Pinjar — 21 176 61 238 749 28 23 34 71% 28 12% 0.28
West Pinjar — 23 382 216 599 649 39 65 68 65% 8 14 25% 1.48
All proposed eco
linkages 5143 10352 15500 33% | 174 1004 1038 40% 9314 60% 92.15
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Table 14: Maximum length and mean width for eadblagical linkage

Subarea and Linkage ID Maximum Length (metres) Mean Width (metres)
Gnangara — 9 5542 1386
Gnangara — 6B 3358 930
Gnangara — 6A 5328 1488
Gnangara — 4 6 091 741
Gnangara — 8 3236 688
Gnangara — 7 5748 700
Gnangara — 1 3560 1550
West Gnangara — 5C 1880 1060
West Gnangara — 5A 3950 2422
West Gnangara — 5D 2945 1110
West Gnangara — 5B 2 962 1141
East Yanchep — 2 5 668 3216
East Yanchep — 4 7 355 2113
East Yanchep — 6 6 458 2 263
East Yanchep — 8 10 508 2194
East Yanchep — 10 5740 2 260
East Yanchep — 11 6 492 1915
West Pinjar — 21 3585 536
West Pinjar — 23 4 360 1286
Discussion

Condition of Wetlands

A greater proportion of uplands were assessed to Bgcellent or Excellent-Very Good
condition than that of wetlands. This may be bseahe wetlands are in poorer condition
due to the drying climate and decreasing wateetabbecause the majority of the
wetlands occur in the Gnangara subarea, whichhea®ivest area of bushland with an
Excellent condition category. These wetlands nt#iybg viable as wetland habitat as

once they are released from dense pine plantirfgsibeen observed that the groundwater
table recovers locally and wetland vegetation teéndsgenerate well. Alternatively, in an
increasingly drying climate with declining grounderlevels, as proposed by the
modelling undertaken by the GSS (Government of WasAustralia 2009), this may not

be the case. The composition of wetland vegetatiayp experience a shift towards

species more tolerant of drier condition (terredisation) (Groonet al. 2001).
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Impact of Fire on Bushland Remnants

Often when the plantations are clear felled, mbést® surrounding bushland remnants are
severely burnt in the subsequent hot clearing bTinis practice is considered to be a
threatening process to the species diversity agdtaéon condition of the bushland
remnants. Burning these patches of remnant vegetatlikely to cause degradation

which will be difficult to reverse due to the fragnted nature of the patches. Whilst there
was a large proportion of unburnt patches (witlur fyears) at the time of assessment, this

has since increased. It is vital that these patbleeprotected from any further burning.

Bushland Ranking and Ecological Linkages

Ranking of all bushland patches has confirmeddbatlon of the proposed ecological
linkages through ex-pine plantation, as they ineltlce most highly ranked bushland
patches. However, further local refinement of lig&kdooundaries could include some more
of the ‘unprotected’ bushland patches, if necess@vhile the majority of patches which
scored very low in the final ranking were outsille eécological linkages there were still
many included in these linkages. Where poorer rdkeshland patches occur on, or near
the boundary of a linkage, and if the persistintiveavegetation is low surrounding them,
there is the possibility of deleting them from timkage. This will only be undertaken if
the linkage can still maintain a minimum width &0bm, and only if this is required
financially, due to rehabilitation costs.

Native Vegetation Assessments

By assessing the native vegetation which has pedsigithin the pine plantations we have
been able to improve not only the location of tbelegical linkages but also the likely
requirements of rehabilitation. Due to the preed®ined cover ranges and the impact this
had on determining the threshold for ‘good qualitsitive vegetation, there will still be
variation in the degree to which areas with ‘goodldy’ understorey and overstorey
regenerate and therefore the requirements of rigiaibn in these areas. Additionally, the
varied diversity of species within these areas,thegossible impacts of clearfelling and
burning on the vegetation will affect the rehahtiibn requirements of these ‘good quality’

areas.
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If the persistent native vegetation is to provideruitment, and therefore a reduced
rehabilitation effort it is important that it is mserved, particularly during pine removal.
Care will need to be taken to ensure that distuwdas minimal, particularly for individual
trees, to facilitate the rehabilitation processkitacnative vegetation (Woodman 2008).
These trees and other native vegetation will cbate to vegetation structure, enabling
residency of fauna species, and act as a souseedfif they are maintained (Woodman
2008).

Determining the restoration techniques most applécéor areas with ‘good quality’ native
vegetation will depend on the species presentiéiseed rehabilitation outcomes and the
treatment of these areas during, and immediatéty ssmoval of pine. The diversity of
species within each area of ‘good quality’ natiegetation varies, which is likely to
impact on the rehabilitation requirements. Whenrly a few species are present, the
structural diversity and the range of possible gseecruitment is limited. In these cases,

infill planting will be required.

For native vegetation in pine compartments whidhrsguire harvesting, the disturbance
from fire, as well as harvesting itself, is liketydisturb much of the vegetation. Fire is
needed to minimise the reoccurrence of pine, amdrtmve pine litter, which combined
with the impact from clearfelling, means that thehiniques used in restoring these areas
may be similar to sites without ‘good quality’ negivegetation (Maher 2009). However,
if seed remains in the soil after these treatmeniss highly likely that a greater number of
species and/or seedlings may recruit after restoraictivities have been carried out
(Maher 2009).

In compartments which have already been cleargahefthere is also uncertainty about
the restoration techniques most applicable. Thotesatisfactory levels of native
vegetation (e.g. ‘good quality’ areas) could bairetd, at least in the short term (Maher
2009). Ifitis decided that the species diveraggds to be increased, infill planting may
be utilised, or alternatively a full suite of restbon efforts may need to be considered,
depending on the desired outcome and the levaffafudty of applying these efforts
whilst also preserving the current vegetationa il suite is required, the compartment

may require burning and treatment as for othes giaher 2009).
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Whilst East Yanchep is currently estimated to rexjidb% of the areas designated as
ecological linkages to be completely rehabilitatédk is likely to change upon further
assessment. Once the native understorey and onerstas been assessed, and factored in
to the calculations for rehabilitation, it is higlgrobable that this percentage will decrease
to a level more consistent with other subareasiléftis information is not currently
available, it will be incorporated once received ahrequired, the boundaries of the
ecological linkages may be moved to further enhdinedinkage as well as reduce the area

requiring rehabilitation.

Evaluation of Rehabilitation Techniques

DEC has established rehabilitation trials usingdiseeding across cleared plantation
compartments annually since 2001. The succes®séttrials has recently been assessed
by Murdoch University (Maheet al. 2008). This included assessing which species
established and the success of their establishasentll as the effect of fire and rainfall
on establishment rates. Additionally, the impdatveeds on establishment was recorded.

Maheret al. (2008) found that although rates of establishraentdensity for each species
were variable, many species had good establishrategt with 19 of the 44 species planted
at three or more sites, successfully establishimgaae than 75% of the sites ion which
they were sown. There were five species whicledkib establish at any of the sites at
which they were sown and three species which hadcekiablishment rates (<35%). The
success and density of establishment for mostespeeiried considerably among sites
however factors such as burning treatments anditgoiatype did not explain this

variation.

Whilst rainfall did not appear to have an effecttiba vegetation assemblages that
established, weed cover explained some of theti@riabserved in species establishment
and density among sites. Maletral. (2008) found that higher levels of weed cover
reduced the percentage of species establishmemtemsity ofBanksia attenuatand
Eucalyptus todtianghat established within the trial plots. For treason it was

recommended that reducing weed cover should bereapr goal of restoration activities.
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Further work has been undertaken to determinegpeogriate native species selections,
establishment techniques and the costs of rehatholit for the disturbed areas within the
ecological linkages, post-pine clearing. This waently completed by the University of
Western Australia (Maher 2009). This report pregighreliminary recommendations for
seed species lists and discusses possibilitieg&toration, including the use of topsoil

from nearby sites under development.

Management between Ecological Linkages

Outside of proposed ecological linkages and theksi@n the edge of State forest targeted
for excision, it has been proposed that clearedtalin areas should be managed to
protect the groundwater resource and to increaserge around bore fields for public
water supply. There are numerous issues to claéafgre the light coverage of native
vegetation mixed with agricultural grasses and el weeds can be managed
sustainably and without adversely impacting thenamh bushland in the ecological
linkages and surrounding bushland blocks. Thisyasmaforms part of another study by the
GSS lead by the Water Corporation and the Depattofehgriculture and Food.

Management Actions

There is a need to prepare a policy document aswteded prescriptions relating to the
ongoing management and maintenance of ecologidadies and their incorporated
bushland blocks through the ex-pine plantations.Hakee listed a few appropriate
management actions in Appendix 4 as a start tetlissussions. These will need to
address a whole range of threatening processesoasérvation issues, including:

* Phytophthoradieback hygiene, survey, control and reducing ichpa

Prescribed burning, fire access and wildfire respanethods.

* Removal and relocation of tracks and roads

* Response to proposals for linear developments giirbokages (roads,
powerlines, pipelines)

* Weed control

* Public access and off road vehicles.
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Funding the Establishment and Management of Linlsage

Our preliminary estimates for the rehabilitatioreafpine sites on the Gnangara
groundwater system using direct seeding of natora is $8 000 to $10 000 per ha.
Further clarification of these costs will occur ertbe prescriptions and rehabilitation
techniques suggested by Maher (2009) are finafsedach individual area requiring
restoration. If we were to rehabilitate all thearksd ex-pine in our study area (23 000 ha) it
would cost up to $230M over 25 years. There arland purchase costs as all commercial
pine plantations on the Gnangara groundwater syateron State forest vested in the

Conservation Commission and managed by DEC.

Through the process of targeted ecological linkgeposed in this paper, 19 linkages
would require partial rehabilitation over a totalo314ha (42% of the total pine
plantation) thus reducing gross cost by 60% or atr3@37M. However, this would still
cost approximately $93M based on preliminary edtsaf $10 000 a hectare. There are
several potential sources of this substantial fogdi
1. Additional budget allocation to DEC from State Gowaent
2. Allocation of sale price, to linkage rehabilitatidrom identified areas on the edge
of Crown land with the view to their excision fatban deferred or industrial
development to provide employment generating landgtrategic employment
categories.
3. Offsets from developments adversely impacted envikental values on the Swan
Coastal Plain.
4. Funding sources
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Appendix 1
Table 1: Basic statistics on all areas assessésting proposed ecological linkages (green).
Total % Area Total area | % of area
. Not Total Area | Area ) . Area %
Subarea and Corridor Area as with OS | of linkage assessed o o
] o Upland | Wetland | Assessed Cleared | areaof OS> | US> . requiring | requiring
Linkage D Priority of . Rem or US> | assessed for | with good
Bush linkage 10% | 10% rehab rehab
Bush Veg 10% OSand US | USor OS
Gnangara - 9 1 8 161 0 169 586 756 22% 202 202 537 38% 384 51%
Gnangara — 6B 1 126 3 131 149 281 47% | 0.01 | 0.7 0.8 126 1% 148 53%
Gnangara — 6A 1 105 124 1 229 507 736 31% 153 153 445 34% 353 48%
Gnangara — 4 2 154 2 14 171 226 397 43% | 18 20 37 183 20% 189 48%
Gnangara — 8 2 72 0 72 141 213 34% 22 22 113 20% 119 56%
Gnangara — 7 2 56 91 147 325 472 31% | 7 81 82 273 30% 242 51%
Gnangara — 1 2 67 26 13 106 332 438 24% | 10 31 32 251 13% 300 69%
Gnangara — 14 3 29 36 65 1006 1071 6% 6Q 139 161| 40 8 19% 845 79%
Gnangara — 10 3 17 0 17 235 252 7% 34 34 210 16% | 202 80%
Gnangara — 11 3 18 15 0 34 885 919 4% 113 113 304 37% 772 84%
Gnangara — 13 3 18 26 1262 1288 2% 9 11 35 32% | 1251 97%
Gnangara — 12 3 11 0 12 703 716 2% 184 186 617 30% 517 72%
Gnangara — 15 3 0 0 111 111 0% 10 10 30 34% 100 | 91%
West Gnangara - 5A 1 709 47 756 75 832 91% | 12 38 38 53 73% 37 4%
West Gnangara - 50 1 136 23 158 145 303 52% 61 61 130 47% 84 28%
West Gnangara - 58 1 110 68 2 181 218 399 45% | 46 198 198 201 98% 21 5%
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West Gnangara - 5C 43 18 1 61 151 212 29% | 14 109 110 139 79% 41 19%
West Gnangara - 17| 3 6 12 179 191 6% 31 31 170 18% 148 78%
West Gnangara - 18 3 17 21 383 405 5% 6 299 299 | 358 84% 84 21%
West Gnangara-19| 3 31 16 50 986 1036 56 48 75Y54 883 85% 232 22%
West Gnangara - 16| 3 0 17 18 703 721 2% 6 182 187 | 606 31% 517 2%
West Gnangara - 20| 3 14 6 20 257 277 % 44 24 59 31 2 26% 197 71%
West Gnangara - 21 176 0 176 61 238 74% | 28 23 34 48 71% 28 12%
West Gnangara - 22| 3 19 19 531 550 3% 103 262 269| 478 56% 262 48%
West Gnangara - 23 338 44 0 382 216 599 64% | 39 65 68 104 65% 148 25%
East Yanchep — 1 3 552 552 09 552 100%
East Yanchep — 2 52 0 52 1409 1461 4% 1409 96%
East Yanchep — 3 3 5 6 185 192 39 185 97%
East Yanchep — 4 680 2 682 1324 2006 34% 1324 66%
East Yanchep — 5 3 4 4 2352 2356 09 2352 %100
East Yanchep — 6 102 1 102 1335 1437 7% 1335 93%
East Yanchep — 7 3 50 16 73 3572 3644 2% 2357 | 98%
East Yanchep — 8 673 0 1 675 1482 2157 31% 1482 69%
East Yanchep — 9 3 3 3 1154 1157 09 1154 0%10
East Yanchep — 10 540 4 545 751 1296 42% 751 58%
East Yanchep — 11 343 348 919 1267 27% 919 73%
Grand Total 4680 765 80 5525 | 25410 30935 | 18% | 452 3043 | 3152 7364 43% 22258 72%
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Appendix 2
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Figure 1: Linkage ID for all areas assessed withiaggical linkages shown in green.
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Appendix 3
Table 1: Strengths and weaknesses of each propeséapical linkage through the ex-pine plantatiamds on the Gnangara Groundwater
System.
Ecological Linkage Linkage Strengths Linkage Weaknesses
Links to remnant vegetation on south (Whiteman Parkl north in Major east-west barrier at Gnangara Road (propfmsedane road) and
Melaleuca Park across ex-pine plantation. sealed road through centre (Gaskell Ave). A nunatbether unsealed
roads. [Total 6.6km of roads]
Gnangara 1 Contains ex-sand mined and rehabilitated area CenBRM Priority Area (with large block already reih)
Forms a bushland break between Ellenbrook towasitethe large Area contains Water Corporation production bores
expanse of the ex-Gnangara plantation
Contains two Bush Forever sites
Aligned with or adjacent to proposed ecologicakdige for most of Approx ¥z is Basic Raw Materials (BRM) Priority Aredth mining
corridor tenements
Links several large blocks of rem veg along thetermsedge of State Significant areas of pine plantation already feltdth little native
Gnangara 4 forest, including Gnangara Lake, and to the sowthifeman Park) vegetation and adversely impacted by weeds
Links two Bush Forever sites A proposed major transport corridor is proposedhenState forest
boundary but alignment not yet determined. A nundfemsealed roads|
through linkage (approx 8.4 km)
Contains 1 production bore (not operating)
Gnangara 6B Approx ¥z is Bush Forever Site in very good conditio Almost entirely BRM Priority Area with a largeci®n of the remaining
upland bushland planned for removal during sandigipirocess.
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Adjoins large block of proposed ecological linkg@mangara 6A and 9)
Links into the Melaleuca Park ‘core’ area to thetea

A number of sealed and unsealed roads (approx 3 km)

Contains 700m of powerlines

Banksia woodland in this general area has beerdlyro#ected by
Phytophthora dieback.

This linkage has numerous small blocks of bushkamtiwetland

forming a basis for linkage

Small area is BRM Priority Area

Adjoins large block of proposed ecological linkg@mangara 6B, 7 and

9. Links into the Melaleuca Park ‘core’ area toteas

Contains 1.4km of powerlines

Gnangara 6A Contains small portion of Bush Forever site A numifesealed and unsealed roads (approx 10.6 krh)dimg
Warbrook Road through the middle of the linkage.
Contains a production bore (not currently operating
Banksia woodland in this general area has beerdlyro#ected by
Phytophthora dieback.
No BRM Priority areas A number of sealed and unsealed roads (approx 9km)
Bordered by extensive ‘core’ bushland areas tanthéh and by Contains almost 3.5km of powerlines
Gnangara 9 Melaleuca Park and State forest. Adjoins Gnangakadie 6A.
This linkage has numerous small blocks of bushkamtiwetland Banksia woodland in this general area has beerdlyro#ected by
forming a basis for linkage Phytophthora dieback.
Contains a Bush Forever site A number of sealed and unsealed roads (approxrd)3 k
Gnangara 7 No BRM Priority areas Land to the west is likely to be excised from sfarest
This linkage has numerous small blocks of bushkmtiwetland Contains 3 production bores (not operating)
forming a basis for linkage. Is a north-south ligka
Gnangara 8 Almost ¥ is Bush Forever A proposed major transport corridor is proposedhenState forest

boundary but alignment not yet determined. A nundfesealed and
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unsealed roads (approx 2.3 km)

Proposed ecological linkages to the western bartiState forest close

to Lake Jandabup Nature Reserve.

Land to the north is likely to be excised from stétrest

Contains small portion of Pinjar complex whichasgely restricted to

the GSS and poorly reserved

Contains 2 production bores (not operating)

West Gnangara 5A

Almost entirely one large Bush Forever site witkeedlent bushland and

wetland vegetation.

Contains approx 2.2 km of powerlines

No BRM Priority areas

A number of sealed and unsealed roads (approxn3p

Contains small portion of Pinjar complex whichasgely restricted to

the GSS and poorly reserved

Contains 4 production bores (nhot operating)

West Gnangara 5B

Almost ¥ the linkage is a Bush Forever site

A nundfesealed and unsealed roads (approx 900 m)

Eastern border shared with UCL (RAAF) remnant t&tien that forms
part of the ‘core’ arc of excellent condition buefd. Links west into

bushland area (linkage West Gnangara 5A)

No BRM Priority areas

West Gnangara 5C

Contains 3 Bush Forever sites, and portions ofterd (almost 1/3 of
the linkage)

Contains 1 production bore (not operating)

No BRM Priority areas

Contains approx 1.6 km of powerlines

Eastern border shared with Melaleuca Park and livést into large ared
of bushland (linkage West Gnangara 5A)

West Gnangara 5D

Approximately ¥z is Bush Forever

Contains approx. 300m of powerlines

Eastern border shared with Melaleuca Park and livést into large ared

of bushland (linkage West Gnangara 5A).

A number of sealed and unsealed roads (approxm)6 k

No BRM Priority areas

Contains 2 production bores (not operating)
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Land to the west is likely to be excised from sfatest and become

industrial

West Pinjar 21

Over half the linkage is a Bush Forever site witheflent vegetation

cover

Adjacent to BRM priority area for limestone incladia number of

existing limestone mines (to west of linkage)

Borders remnant vegetation to the south-west

Caspprox 3.1 km of major powerlines and a gaslipp@long its

eastern boundary.

Adjoins the major Bush Forever site over Lake Rinja

Sealed roads through northern portion of link@ifesco Road), along it
western boundary (Old Yanchep Road and along iithson boundary

(Road). Total road network is approximately 6km.

U7

Whole linkage covers Spearwood Dune vegetation texap
(Karrakatta and Cottesloe Central and South coreglethat are poorly

represented in the conservation reserve system.

Barbagallos Raceway to the SE and the Pinjar OfdRéehicle Area

over most of the linkage

No Water Corporation commercial bores in or adjatethis linkage.

West Pinjar 23

Contains a Bush Forever site, and the majoritynotler larger remnant

of high ranking (approx. % of linkage of excelleondition)

A sealed road on its eastern boundary (Old Yané&twgd) with a total

length of sealed & unsealed roads (approx 4 km)

Includes a major wetland (Camel Swamp) and the lptipas of the

Limestone Ridges TEC.

Contains approx 2 km of powerlines

Whole linkage covers Spearwood Dune vegetation texap
(Karrakatta and Cottesloe Central and South coreglethat are poorly

represented in the conservation reserve system.

Half linkage a BRM priority area for limestone inding a number of

existing limestone mines

Links remnant vegetation to the west and north-east

East Yanchep 2

Only remaining patch of remnant veg is part of alBEorever site

Small portion of linkage in BRMdPity area for limestone

Borders remnant vegetation to the east (statetfaresproposed 5(1)(h)
reserve which are Bush Forever sites) and linkagrigh West Pinjar

linkage 23.

A number of sealed and unsealed roads (approx k2bincluding

sealed Old Yanchep Road on the southern boundary
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Large portion covers Spearwood Dune vegetation éxep (Karrakatta
and Cottesloe Central and South complexes and kaiteaNorth) that

are poorly represented in the conservation resgyseem.

Almost 8 km of powerlines servicing the Pinjar djasd power station to

the east of linkage. Major gas pipeline.

East Yanchep 4

Seven Bush Forever sites with vegetation in exaetendition, and

parts of two others, comprising almost ¥z of linkage

A number of unsealed roads (approx 11.2 km)

Borders proposed extension (Ridges) to YanchepmNailtiPark to the

west.

Under pine native vegetation cover not yet surveyed

No BRM Priority areas, production bores or powesdin

Whole linkage covers Spearwood Dune vegetation texap
(Karrakatta and Cottesloe Central and South coreglexd Cottesloe

North) that are poorly represented in the consamakserve system.

East Yanchep 6

Borders remnant vegetation to the north-east (&a¢st and proposed

addition to Yeal Nature reserve) and to East Yapehinkage

A number of unsealed roads (approx 11 km)

No BRM Priority areas, production bores or powesdin

Under pine native vegetation cover not yet siade

Contains 3 Bush Forever sites and part of another

East Yanchep 8

No BRM Priority areas or production bores

Contapprox 6.2 km of powerlines

Bordered to the south by State Forest and Yanclagiomal Park and to
the NE by Yeal Nature reserve and its proposediaddi

A number of sealed and unsealed roads (approx }inktuding a major
sealed road (Wanneroo Road) which cuts througkvdstern side of the

linkage

Contains 2 Bush Forever sites, and part of andtligdf Sites

Under pine native vegetation cover mbisyrveyed.

East Yanchep 10

Bordered to north-east by remnant vegetation (X&lproposed

addition) and to the west by proposed Wilbinga @ovetion Park.

Almost entirely BRM Priority area

No production bores present

Contains approx 3.7 km of powerlines

A number of sealed and unsealed roads (approxkibd) 8ncluding
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Wanneroo road which cuts through the western didieedinkage and

Military road, which cuts through the northern pamtof the linkage

East Yanchep 11

Small portion of Bush Forever site to the west

Chadf is BRM Priority area

Remnant veg on three sides (west, north and easKcellent condition.

Contains approx 3.8 km ofvpdines

Contains proposed addition to Yeal Nature resefvelwprovides a
strong east-west linkage between Yeal Nature resamd the proposed

Wilbinga reserves.

A number of sealed and unsealed roads (approxré)3ricluding a
major sealed road, Wanneroo rd, which cuts thrabgtwestern side of

the linkage
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Appendix 4

Management Actions

1.

Prepare policy on managing remnants and wildlifgidors Phytophthora
cinnamomi no burning, pine removal in bush and within byffemove or relocate

tracks).

All residual pine trees and wildings over 1m highan ecological linkage (and
perhaps buffer) either be pushed over with a macbircut by chainsaw (pending
Phytophthora dieback status). Undertake in partimgmsith Water Corporation and
FPC. Make a decision about burning the crowns wtierg fall or preferably to

remove the whole tree from good quality bushlandgia tractor with forks.

No prescribed burning or clearing burns throughrrant bushland in the
plantation.

Most remnants have not been burnt for a long temejn good condition and retain
significant faunal diversity. However, this floracafauna diversity plus mature tree
health can be lost with one excessively hot buthatime of pine clear felling.
Thus it is essential to protect remnants at the tfnthe clearing burn by a previous
low intensity prescribed burn beforehand and pugherck the pine debris away
from the edge of the remnant. Active fire protectinay be warranted during the

clearing burn.

In addition, isolated sapling or mature native $raethe plantation need to be
protected during harvesting and the subsequentirgeglurn. Minimize pine debris
from around the base of such trees. Active firdgotion may be warranted during

the clearing burn.
Remove all rubbish from within and adjoining thelegical linkage.

Contract survey and mapping fiehytophthoradieback in all Very Good to

Excellent condition bushland

No soil heaps on edge or inside of any patch oflamsl (remove or flatten with
bobcat, given excessive damage is not done to égland the risk of
Phytophthoraspread is appropriately managed). Similarly, reeniive mound of
soils along the edge of any graded tracks throhglbushland.
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9. Review all current vehicle access through eachalyyelk particularly through
bushland remnants with the view to closing non-etsslktracks (except where a

decision is made to break the patch up for firedrabor a major road already
exists).

10. Establish an appropriate boundary track arounditkage.

11.Undertake more detailed vegetation condition, flmd fauna surveys using

tertiary students.

Ecological Linkages within Pine Plantations

59



