Banksi a Woodl and Resto

Annual Weport

Januaﬁqcem@@ﬂ

\/' %

Conservation and Attractions WILDLIFE KarenJacksonMargaret

L . Mark Brundrett Vanda
Department of Biodiversity, - PARKS AND  LongmanAnna Wisolith
SERVICE CollinsandKaren Clarke

VERNMENT F ] . . .
WESTERN AUSTRALIA Department ofBiodiversity,

Conservation and Attraction:



Banksia Woodland Resttion Project Annual Report 2017

Department ofBiodiversity, Conservation and Attractions
Locked Bag 104

Bentley Delivery Centre WA 6983

Phone: (08) 9219 9000

Fax: (08) 9334 0498

www.dbcawa.gov.au

© Department ofBiodiversity, Conservation and Attractioos behalf of the State dVestern AustraliaMay 2018

This work is copyright. You may download, display, print and reproduce this material in unaltered form (retaining thjs notice
for your persong nonrcommercial use or use within your organisation. Apart from any use as permitted und€othegight

Act 1968 all other rights are reserved. Requests and enquiries concerning reproduction and rights should be addressed to the
Department ofBiodiverdty, Conservation and Attractions

This report was prepared by Mark Brundrett, Vanda Longman, Anna Wisolith, Karen Jat&sgeret Collins and Karen
Clarke.

Questions regarding the use of this material should be directed to:
Karen Clarke

Swan RegiorCrawley

Department ofBiodiversity, Conservation and Attractions

Locked Bag 104, Bentley Delivery Centre WA 6983

Phone: 942 0300

Email karen.clarke@dbca.wa.gov.au

Project Team 2012017 Mark Brundrett, Ana Wisolith,Vanda LongmarKaren Jackson, Karen Clarke, Sapphire McMullan
Fisher, Julie Fielder, Margaret Collihsf A OS h Q/ 2 y y 2 Ndacey¢tMogf@ Aracy $oRrddBayi,aulia Cullity, Karen
Bettink, Brett Glossop anMathew Woods.

Acknowledgements:

Thank you to the following volunteers who kindly donated their time to help us with our field w@®17 Tim Barling,
Rebekah Bigaila, Stephanie Floeckner, Emma Frost, iMdackisonDavid James, Leah Knapp, Kylie Payne, Jim PXiindén
Qi, Dan Rogers, Cate Tauss and Erich VolscMmkeceivedassistancavith spatial information anather aspects of our
projectfrom Ricky van Dongen, Bart Huntlayd Natasha TaySeed collections were managed Agne Cochrane, Andrew
Crawfordand Anne Monaghan of th&hreatened Flor&eed Centre.

The recommendeditation for this publication is:
Brundrett M, Longman V, iablith A, Jackson KGollins M, Clarke K018 Banlksia Woodland Restoration Proje&nnual
Report 6: January December 2017Department oBiodiversity, Conservation and Attractigri@erth.

Abbreviations

1 BWR¢ Banksia Woodland Restoration Project (this project)

1 CBQ/ I NYyloega 02011 (225 Calyptbiyyhchud lattostiist | 01 02011322 o

1 CoC City of Cockburn

1 CompletionCriteria¢ numeric targets or milestones for restoration projects used to report outcomes

1 DECg the Department of Environment and Conservatidater the Department of Parks and Wildlife ambw the
Department of Biodiversity, Conservation and Attractions

1 DBCA;, Department of Biodiversity, Conservation and Attractions

1 DPLH; Department of Planning, Lands and Heritage

9 DRFK Declared Rare Flora

1 JAHc Jandakot Airport Holdings Pty Ltd

1 PURSAGgPerth Urban Restoration Scientific Advisory Committee

1 Restorationg in this report refers to creating new habitat by establishing a specific type of native vegetation in tot
Of SFNBR IINBlFa gAGKAY GKS O2yaSNBFGA2y SadaliaSeo a2 Nl
recovery of an ecosystemahhas been degraded, ddmnB SR 2 NJ RS 200NRP & SRé o0{ 9w

1 RPg Regional Parks (Department of Biodiversity, Conservation and Attractions)

1 SAC; Scientific Advisory Committee

1 SCO; Swan Coastal District (Department of Biodiversity, Conservation and Attrartion

 SCR; Swan Coastal Plain

1 TEGQ; Threatened Ecological Community

1 TFSC Threatened Flora Seed Centi2epartment of Biodiversity, Conservation and Attractioksnsington)

1 UNg Urban Nature Program (Department of Biodiversity, Conservation and Attrartions

1 WAPGQ; Western Australian Planning Commission



mailto:karen.clarke@dbca.wa.gov.au

Banksia Woodland Resttion Project Annual Report 2017

Executive Summary

The Banksia Woodland Restoration (BWR) Project is managed by the Department of Biodiversity,
Conservation and Attraction®BCAjo create newbanksia woodlands, and repair existing woodlands in the

t SNIK YSGNRLREAGIY FFNBFY SaLISOAFfte Fa KFEoAdldG A
(Calyptorhynchus latirostiiand the grand spider orchi@Caladenia huege)p LYy H n mcdodlands! y | a ;
2T GKS {gty [ 2Fadlt tfFAyé ¢S NherbtiergtBeniighte indedRto | &
protect, manage and restore these plant communities2011, d¢fset funds from Jandakot Airport Holdings

Pty Ltd (JAH) established the BWR®OUG Fa LI NI 2F GKS /2YY2y46SItiKQa
impacts of clearind.67 haof banksia woodland at Jandakot Airport, Perth, Western Austrstiav nranaged

by the Department of the Environment and Energy, this offset requires JAlbap DBCAwith funding of
PpZHnnInnn F2NJ GNBKFEOATAGFEGAZ2Y YR O2yaSNBFGAz2yYy |

The BWR project was established in September 2011 and has initiatedstaige restoration and
rehabilitation worksin banksia woodlands on the Swan Coastal Plain (SCP) within the conservation estate of
the Perth Metropolitan Region. The main objectives of this project are to:

1. Restore banksia woodland by creating and repairing lands within the conservation estate.

2. Selet areas for restoration using a prioritisation process based on conservation values and
OKNBFGSyAy3 LINRPOSaasSazr SalLlSOAlLfte Ay NBflIGAZ2Y
orchid.

Use scientific approaches to improve the cost effectasmnof restoring banksia woodlands.
Improve methods for restoration by applying knowledge gained from monitoring outcomes.
Maximise the area of banksia woodland created or repaired by efficient resource allocation.
Develop monitoring protocols for assasgibanksia woodland biodiversity and condition.
Support community groups in managing banksia woodlands.

Collate and share information on banksia woodland biodiversity, condition and management.

©ONOOh~W

Works undertaken or underway for the BWR project in the finstyears include:

1. Selection of restoration sites using a comprehensive prioritisation process based on the objectives of
the project.

2. Establishment of 50 ha of new banksia woodlamdireas without native vegetationsing various
combinations of topsoitransfer, direct seeding and planting of seedlings. Of this, a total of 16 ha
received topsoil directly transferred from Jandakot Airport.

3. Management of threatening processes in existing banksia woodland to protect habitat and improve
vegetation conditn in 25 siteqlocations shown in the Map below)jcluding

a. Control of the most serious environmental weeds in over 600 ha of busim&8iksites
b. Fencing of 12 km of reserve boundaries to reduce illegal access and associated threatening
processes such as spreadrifytophthoradieback.

4. Establishing a network of 31 plots at five sites for monitoring biodiversity and vegetation condition in
banksia wodland to determine thdongterm outcomes of weed management amdcovery from
bushfire.

5. Providing funding, seeds, seedlings and advice to community groups and local governments for
banksia woodland restoration d9 locations.

6. Enhancing conservation tiie grand spider orchidQaladenia huegeliithrough translocations and
populationsurveys.

In 2014, JAH renegotiated the offset with the Commonwealth leading to amended ministerial conditions that
modified the annual payment schedus® thatfuture payments were only required wherparcek of land

were cleared for developmentThis change to ministerial conditiosgnificantly affected ta BWR project

from 2015 onwardsbhy interruptingland management operations, research trials and staffing. As of 2018
96% of the funding has been received, with $383,333 associated with the final kegtresof clearing at
Jandakot Airport still outstanding (expected in 2020 or latém) 201718 a major restructure of state
government departments led to further changes to the BWR project. The project wilhbsitioningafter
June2018 intoa longterm monitoring project for restoration sites and banksia woodland.
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For restoration of banksia woodland in completely degraded
areas two sites with a total area &0 ha were selectethat
were dominated by weeds These are Anketell Road in
Jandakot Regional Park af@rrestdale Lake (sellap and
Tablg. Flora surveys of reference sites provided plant
diversity and density targets requirdd evaluate restoration
success and plaseed collection and nursery order§hese
reference sites wereat Jandakot Airport (where théopsoll
was sourced) and adjacettt the restoration sites.

To support restoration workshe BWR project worked with
DBCA arhreatened Flora Seed Centre to manage seec
collections and resolve problems witteed germination for
some species. A major seed resource has been establishe
with over 1,200 seedaccession$or 164 species, of which 341
accessionsvere sent to nurseries550 were usedfor direct
seeding, and216 were provided tocommunity groupsor
other restoration projects

Restoration at Anketell Road and Forrestdale Lake included 1
ha of topsoiltransfer in ApriMay 2012,40 ha of planting of
nurseryraised seedlings from 2012 to 2Q01&8nd somehand
direct seeding(see Table below). In total, more than 46,000
nurseryraised local provenance native seedlings were
planted. In 2014 and 2016n additional 16.5 ha waglirect
seeded usingnachinery byGreening Australia WA

In total, 162 species of native plants grew the restoration
sites, of whicHL15came from the topsoil seed barnd most
others were from planting and direct seeding. At both sites,
native plantgerminationfrom topsoil peaked at over 700,000
stems perha in 2013, then declined substantialhdue to
extremely hot and drysummers. By late 2017 native
perennials hadeachedan averagedensity of 20,000 stems
per ha well exceeding the target density of 7,00@ists per
ha, butresults werehighly variablePlant densitytargetswere
reached in70% of monitoring plots with topsoil by the
summer of 2016/2017Target density oR50 stems per ha of
banksias (fof I N}/ I 6 @ Q& (Rrds)wadiréaghedfir? 2
most areasput later declined tal50-220 stems per ha due to
drought mortality. Native plant cover inheseareasincreased
graduallyto 20%by 2017 and prennialweed coverstabilised
at around 5%see Graph)Areas established by direct seeding
and plantingonly had lower plant diversity and cover than
areas with topsoil, buailso hal higher tree densityAll of the
areasrequire some ongoingweed managementparticularly
for couchgrass(Cynodon dactylgnFuture ronitoring willbe
neeced to confirm a selfsustaining ecosystem develops,
determine which restoration method#ere mostsuccessful
and cost effective as well ado inform future management.
These data are also required to meastine overall cost of
establishing banksia woodland with a diversalarstory and
resilient treecanopy

J ¢
Harrisdale ] t
Swamp

L M
i Forrestdale

Lake l%
(K Anketell Road

@)

5 10 15 20
Kilometres

A 0
Map showingBanksia Woodland Restorati
Project locations in the Perth Metropolitan
Region relative to Jandakot Airport (white
star). These includd@reerestoration areas
Anketell Road, Forrestdale Lake and
Harrisdale Swamfgreen stars), sites for
weedand othermanagement (yellow
circles), and funding provided to communi
groups for the restoration or repair of
banksia woodlands (orange triangles). Thi
map also shows remnant vegetation (light
green shading) and reserves managed by
Department of Biodiversity;onservation
and Attractions (light blue boundaries).
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Tableshowing the extent of each restation method in hectares at the two restoration sité¢ote: planting and direct
seeding overlapped in various combinatighsrefore total areagestoredare not sums of each method

Totalrestored by

Restoration method Timing Anketell Rd (ha) Forrestdale Lake (ha method (ha)
Topsoil transfer 2012 115 4.5 16
Planting 2012- 2015 32 7.5 39.5
Direct seeding 2012,2014 2016 155 1 16.5
Total area restored 39 11 50

25

= | jve weed cover ) )
Graphshowing vegetation cover

& 20 { [[———Live native covef trends overfour yearsfor areas with

4] respread topsoiin the largest

3 15 restoration site atAnketell Road. The
% increase in native plants is a result of
S 0 seed germination and plantinghile

weed cover (mainly perennial veldt
grassEhrhartacalycinaand couch
Cynodordactylor) has emained fairly

5 -
stable over the last thregearsbut
mayrequire ongoing management.
0

Autumn 2014  Autumn 2015  Autumn 2016 Autumn 2017

In 2017, the BWR Project was commissioned by the Department of Plaih@inds and Heritage help
manage restoration of a highly degrad@dha area at the southwestern boundary of Harrisdale Swamp.
Topsoilwas harvestedafter clearing at Jandakot Airpoend respreadat the Harrisdalén May 2017 We
monitored 24 quadratsto provide baseline datéor weed management ancestoration and obtainedeed

The BWR project also had a major role in establishment of the Roe 8 corridor restoration project, by helping
to develop the restoration plan and monitoring programes well asproviding trainingin restoration
monitoring forcommunity group memberand university students.

The second major component of th&\BR project is to undertake managementimprove the condition of
existing banksia woodland in the conservation est&#es for management actions such as weed control
and fencing were selectedfter a strategic assessment of banksia woodland areas on the Swan Coastal Plain,
site visits and weed mappingVeed control using selective herbicidés perennial veldt grassEfrharta
calycing and other major environmental weedscurredat 27 siteswithin 23 reservegrom 2013to 2017

(over 600 ha in total - see Map. Offset funding was also used to establish fherth Banksia Woodtal
Community Restoration Grantshich has provided$300,000to community groupdor restoration weed
management or dieback control &0 additionallocationsin 2015(seeMap).

A banksia woodland monitoring program was established in 2013 to measure changes to plant diversity,
cover, density and condition following perennial veldt grass contrbl [{®ts atfive locations).Effective

weed control initially increasethe dominance of annual plantas well as somperennial native plantand
banksiaseedlings Fauna monitoring in restoration areas and banksia woodland reference sites established
that there were few native mammals, but substantial numbers of birdgtiles and amphibians in all areas

and that these were already beginning to use the restoration sites.

A severebushfirein Banjup in February 2014 burnt seven monitoring plots in ShBlalla SwampThis
createdan opportunity to study theimpact of fire onbanksia woodland plant diversity, cover and density.
There was a 39% mortality rate for banksia trees, but also a very high natsstdfre germination of banksia
seed (6000 seedings per ha). Posftire, more plant species recovered by seed germination thiaough
resprouting,howeverthe later resulted in greatefoliage cover. Major benefits tonative plants cover and
diversity due toveed management weralsomeasuredpost-fire.
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1. Introduction and Background

The Jandakot Airport Offset Plan was develope@010by Jandakot Airport Holdings Pityd (JAH) as an
offset for the clearing of up to 167 haf native vegetation at Jandakot Airport in Western Australiae
approval for thisexpansion of Jandakot Airport wagbject to a number of conditions specified in the EPBC
2009/4796 approval documer{Government of Australia 2@). The conditions of the approval need to be
fulfilled to the satisfaction of th&CommonwealthDepartment ofthe EnvironmentIn addition to banksia
woodland restoration (Condition 4p)the offset also funded the acquisition of/ | NJ/ | ockatda O
(Calyptahynchus latirostrisfeeding habitat (Conditiodc),/ I NJ/ | azkatBdirec@very actions (Condition
4e) andCaladenia huegeliesearch by the Botanic Gardens and Parks Authority (ConditiofTBis) report

only concernsCondition 4bwhich was supported ly payment of $9,200,000 tahe Department of
Environment and ConservatioEG, now the Department ofBiodiversity, Conservation and Attractions
(DBCA) for the restoration andrehabilitation of banksia woodland within 45 km of Jandakot Airport. A
memorandum of understanding between JAH and DEC, signed in &&tdut the manner in whichhey
would work together to satisfy @hdition 4b. In 201 1DEGCnitiated the Banksia Woodland Restoration (BWR)
project to undertake thesetaskk Y HAMc2 82R{YY§¥REBE 2F (GKS {ély /21 a&dl
nationally threatened further strengthening the need to protect, manage and restore thesgystems

Approximately 686 of the natre vegetationn the Swan Coast#RA Bigrgionhas been clearednuch of
which was banksia woodlar{tlocal Biodiversity Program 2018).the Perth Metrpolitan area, less than a
quarter of the original banksia woodland remains and all of th&slLJ2 G Sy G A | f ockalodNZBC) & Q &
feeding habitat. The BWR project h#se overall objective of increasing the area aimdproving the
condition of banksia woodlandsith similar biodiversity values to the Jandakot Airpadodiands, to help
mitigate the most sigificant impacts from clearinghis location These impacts indlie the loss of CBC
feeding habitat and hatat for the endangered orchi€aladenia huegeliThe BWR project has the following
principal objectives:

1. Restore banksia woodland by creatingw vegetationand repairingexisting woodlandwithin the

conservatio estate.

2. Select areas for management using a ranking process based on environmental values, especially
concerning habitats for CBC a@dladenia huegelii
Use scientific approaches to maximise the cost effectiveness of ecosystem management.
Improve methals for rehabilitation using knowledge gained by monitoring outcomes.
Maximise the area of banksia woodland restored or managed by efficient resource allocation.
Develop monitoring protocols and criteria foassessingbanksia woodland condition and
biodiversity.
Support community groups who help to manage banksia woodlands.
8. Collate and share information on banksia woodl&mbliversity and condition.

o 01w

N

The BWR project hasinitiated large scale natural habitat restoratioand rehabilitation work in the
conservation estate to meet the objiees listed above. Thesactionstarget banksia woodland habitats in
the Perth MetropolitanRegion giving highest priority to areasiost similar to those at Jandakot Airp@s
well as areas of very high conservatizalue such as Threatened Ecological Communitiese site
prioritisation process anthe establishment of reference plots used to provide targets for restoratie
describedn separatereports (Brundrett et al 2017, Clarke et al. 201 lanagement adons include
1. Site selectiorollowing a rigorous criteridvased ranking process
2. Establishment of new banksia woodlandciearedareas using topsoil from Jandakot Airport, direct
seeding and planted seedlings.
3. Banksia woodland rehabilitation to prote@nd substantially increase areas in good condition
through:
a. Weed management of bushland to control the most serious environmental weeds.
b. Fencing of reserve boundaries to reduce illegeadess and the associateldsturbanceand
rubbish dumpingas well asveed andPhytophthoradieback spread.
c. Infill planting of banksia trees in areas where existing native canopy cover is.sparse
4. Establishing a network tlanksia woodlan@¢onditionmonitoring sites.
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5. Providing support for community groups or local governnterdo any of the above.

1.1. Issues with Offset Fundirgnd LongTerm Restoration Outcomes

For this project, a large portion of the offset funding arrived at the beginning, with subsequent payments
delayed by changes in the schedule of clearing at Jandsikmdrt. In 2014,JAH renegotiated the offset with
the Commonwealthand the ministerial conditions for the offsat/ere amendedasa variation to approval
EPCB 2009/479@epartment of the Environment 2014). Thilowed JAH to postpone payments tize
departmentuntil clearing occurred, rather than make annual payments from 2Z1bas agreedinder the
original schedulavith a 5yeardeadline to finalise paymenDepartment of the Environment 2014fig 1).
This major change to the offset, without caigtion with the department, significantly affected theroject
from 2015 onwardslt created uncertainty about completion of project objectives, loss of continuity of land
management operations and researdhials, and caused major disruption to staffinghe specialist
restoration team A major factor in thalepartment originally committing to this thirgarty offset was the 5
year funding schedule and limit to finalisation of payment.

100% Figure 1.The original 5ear

staged funding schedule
(green) ofthe Jandakot
Airport Offset and the
revised schedule of funding
(red) under the amended
offset, determined by o-
50% A ground clearing operations
at Jandakot Airport. The
question markabove 2020
indicates the earliest the

o | ! .
25% Original offset final paymentis expected.

75% A

Funding proportion

e Revised offset

o% T T T T T T T T T T T
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

As shownin Figure 1funding was interrupted between 2012 and 20W#hen a relatively small area of
Jandakot Airport (14ha) was cleared, resulting in a smaterim payment to thedepartment. This allowed
re-employment of key staff and some limited restoratioctigities to continue into 2016in July 2016, the
Commonwealth Department of the Environment and Energy conducted a Compliance Audit at Jandakot
Airport of approval conditions under EPCB 2009/4796 (and EPBC 2013/ma8#)g the audit, JAH
confirmed theywere committed to payment of the full $9.2 million to DBOAedepartment advised that

full or partial payment was required before the end of September 2016 for the BWR Project to continue and
allow key objectives to be achieved as required by the n@retconditions of the offset (EPCB 2009/4796).

In August 2016, JAH paid a further $2.3 million to tlepartment (Fig 1). Thisallowed the specialist
restoration team to be retained and ongoing restoration works to be continued. Howdwerlelaysand
changes to funding had already affected project outcomes significardlylate, 96% of the agreed funding
has now been received (Fit). A total of $383,333 remains outstanding associated with the final seven
hectares of clearing at Jandakot Airporfiming of this payment is under negotiation with JAH and is
expected at the earliest in 2020 (Fig. In 2017 a major restructure of state government departments led to
further changes to the BWR projecthe project will betransitioning after June 2018nto a longterm
monitoring programmefor restoration sites and banksia woodland.
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2. Seed Management andGermination Research

Restoring banksia woodland is difficult because some of the most important species, including banksias, do
not usuallyrecruit from topsoil and so must be introduced through direct seeding or by planting tubestock.
However, growing plants from seed can also be challenging as many species have low seed availability, poor
sed viability, or are difficult to germinate. Seedltecting is a major expense for all restoration projects and
seed quality assessment is required to ensure this activity is undertaken efficiBr@BWR project set up a
collaboration withDBCA &hreatened Flora Seed Centre (TFSC) to organise armdtlseotarge quantities of
incoming seed, as well as to quantify the seed, assess its quality through germination testing, prepare seed
batches for direct seeding and nursery orders, and to conduct trials testing different germination and
storage conditions This research will be useful for maximising germination and ensuring efficient use of
seeds, which are an expensive resource in restoratidark at the TFSC was managedAnne Cochrane

and Andrew Crawford.

Seed collectedrom the Coastal Plaiffor this project includesarge quantities of seed from Jandakot Airport
andover 50other locations Tablel). Over the project]l,238accessions of seddbm 164 species have been
received Germination testingto confirm viabilityof 607 accession®f 87 species haalso been conducted.
Seed collections to supply nursery orders and direct seeding for the BWR project, as weilker restoration
projectsare stored at the TFSC in a refrigerated and humichitytrolled environmentCurrently there are
680 accessions of 135 different species (totalling 100rkg)oragewhere they will remain available for use
by restoration projectsOver the life of the projectover30 kgof seed(excludingMacrozamiaseed) from
over 80 species have been used for dirseeding(Table 2) Approximately6.4 kg of seed from 49 species
have been sent to nurserigssulting in over 46,000 plan{§able3). The BWR project also provided seed to
two other major restoration projects for the Roe 8 corridor and Harrisdale Swar@p17/18(Table 2) and
alsoto supportseven community group or local government restoration projects

Table 1 Seed inputs and outputsf the TFSGor the BWR project from 2012018, including seed quantified and
germination tested, as wedlsseed placed into lonterm freezer storage.

Number of Accessions Number of Species
Total collections received 2012018 1,238 164
Germination tested 20122018 607 87
Accessions currently in storage 680 135
Nursery total 341 49
Direct seeding total 550 83
Seed given to other projects 216 59

Table2. Amounts of seed (g) used for direct seeding by year and location (exclmbn@0 kg oMacrozamiaseed).
Harrisdale Swamp

Year Anketell Road  Forrestdale Lake Roe 8 All sites
(planned)
2012 2,403 593 - - 2,996
2013 3,508 - - - 3,508
2014 10,359 - - - 10,359
2016 13,606 777 - - 14,383
2017/18 - - 629 1,400 2,029
TOTAL 29,876 1,370 629 1,400 33,275
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Table3. Total number of nurseryaisedtubestockplanted over four years at Anketell Rqodebrrestdale Lake arfdony
place & smallrestoration areanear AnketellRoad.

Year Anketell Road Forrestdale Lake Pony Place All sites
2012 2,867 2,252 - 5,119

2013 8,287 4,425 175 12,712
2014 12,136 5,256 467 17,392
2015 9,474 1,337 425 11,236
TOTAL 32,764 13,270 1,067 46,459

2.1. Banksia Seed Germination Tisa

In 2015, a research trial was set uptty to increase the speed and reliability of banksia seed germination in
the field. A total of 1440 Banksia attenuataseeds were plantedcrossfour plotsat Anketell Road. Half the
seeds were prasoaked in water, while the othdralf wasuntreated (control). In addition, twosowingtimes
(June and July) were compardd. 2016 the trial was repeated using the same methods usimgearlier
sowingtimes (May and June).

In both the 2015 and 201@rials, the presoaked seeds emerged faster awith a total emergences-7%
higherthan the control seeds(data not showi). Despite these quicker germination times and greater total
emergenceof the presoaked seedlingsll seedlings started dying off in large numbers over their first spring
and summer.Seedling deathscommencedshortly after emergencewith mortality from June to October
(Fig. 2)primarily caused by snail and insect herbivory,easdenced by chewing damage ¢otyledonsthat
were partly orcompletely eatenSeedling deaths peakdtbm October2016to March2017. This coincided
with rapidly declining rainfal{see Section 4.1)which presumablycaused major drought stres$n total
around 60% of seedlingslied before the end otheir first summer(Fig. 3. By March 2017 (44 weeks after
seeding) average survivalf emergedseedlingsacross all treatments wasnly 4% for the 2016 trialThese
trials accurred infour areasat Anketell Roadwvith very low plant densitylt is possible that pooplant
establishment indicatesinidentified soil or hydrologicgiroblems in these areasthough previous results
from other trials elsewheresuggestthat low survival of banksias is figi typical everywhereat this site,
especally due to severe droughh late spring and summer

40

35 === Control May '[

—i— Pre-soaked May

Control June

Figure2. Seedling deathfom
—> Pre-soaked Jung the 2016 banksia seed
germination trial. Deaths that
occurred from June t®ctober
are thought to be largely
caused by snail and insect
grazing, with a peak in deaths
occurring from October to
March due to drought stress.

Seedling deaths
(% of max. emergence)
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3. Banksia Woodland Restoration

Resbration activities covered a total of 50 e Anketell Road and Forrestdale Lake between 22116

(Table 4)Figures3 and4 show theextent and layoubf restoration works athese sitesTransferred topsoil
was spreadacrossl11.5 ha at Anketell Road dm.5 ha at Forrestdale Lake. In 2012, small aadathe

transferred topsoil at both sitesotalling 2.5 hawere direct seeded as a trial ruetween 2012015,

planting at each site took place in both topsoil and #iopsoil areaswith atotal of 32 haat Anketell Road
and 7.5 ha at Forrestdale Lakat Anketell Road, 22 haf landwasrestored in nortopsoil areaspf which

13 hawere direct seededand planted,and 9 ha were planted only. At Forrestdale Lakeground 2.5 ha of
already vegetated areggmontopsoil areasyvere infill planted withoverstoryspeciesMore details an each

restoration activity are described below.

3.1 Topsoil Transfer

The Departmenteceivednotification from JAH in September 2011 that they planned to clear Peg¢&nin

ealy 2012, an area 042 ha that included abou20 ha ofsuitableexcellent to very goodondition banksia
woodland. This was a year ahead of the original schedule in the offset plan. This provided the only
opportunity to use transferred topsoil teestore banksia woodland, ste topsoil in otheareas at Jandakot
Airportwas either no longer available scheduled for clearingears later (Section 1.1fonsequentiyDBCA

was required to rapidly develop a soil transfer tender and select recipient sites that totalled approximately
20 ha.

All areas restored by topsoil transfer initially were open, weedhinated fields atAnketell Road and
Forrestdale LakéFig. 6).Topsoilfrom Jandakot Airport was spread to a uniform depth of either 50 or
100 mm in ApriMay 2012 after a thin layer of existing tops@i10 cm)was scraped off to reduce the weed
soil seed bankTopsoil from Jandakot Airport was only applied to upland agreasitcontained seeds of
speciesunsuited to dampland habitatsAt Anketell Road11.5 ha received transferred topsoil and at
Forrestdale Lake 4.5 h&ontrol of grazing animals was found to be essential, so rgipbdf fencing was
installed around 26.%a of land to protect the direct seeded areas)d most of thetopsoil andplanted
areas (Figs3, 4).

3.2 Plantingand Weed Control

The first planting took place 2012 after the topsoil transferwith larger planting and seeding programs
from 20132015(Table 4. At both sites separate species lists were used for planting and direct seéualing
upland andtransitionaldampland areas. These lists resulted frtme assessment of flora and vegetation in
reference sites that ranked species accordingheir importance in each zongBrundrett et al. 2017). All
seeded and planted species are listed in Appendix 2.

A total of over 46,000 plants were planted over four years (22AP25) at Anketell Road and Forrestdale
Lake (Table3). Nursery orders primarilgonsisted of trees and shrubs with canegipred seed that were
unlikely to regenerate from topsoil. Tubestock was plantedBCAstaff, volunteers from the Friends of
Forrestdaleas well agcojobs (Green Skills Inc.) and Green Army crew members.

Most planting occurred within the fenced areas, though some tubestock was planted with tree guards
outside fences tanfill sparse canopin vegetated areasat Forrestdale Lakeofange areas ifrig. 3)andto
increase restored areaat both sites(unfenced shadedareas inFigs. 3 and4). Survival of these plants was
very low in most areas due to drought and grazing, despite the use of tree giardexamplein the two
largestplanted andunfenced areas at Anketell Roahé&ded orange ifig. 4) survivalwasextremely low in

the western area (below 1%) with onlgne surviving plant, andn the eastern area, survival was
approximately 10% with 57 surviving platssulting in a density of only 20 stems pej).fEhese areas were
mostly planted withirees thatshould eventually helpo restore canopy covealthough furtherwork may be
requiredto improve areas with the worst survival rates
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Work to manage weeds in restoration areas is ongoing, with perennial species targeted because of their
invasveness and competitive ability. Perennial veldt gré@&srharta calycing pigface Carpobrotusedulis)

and couch Cynodon dactylgnwere sprayed using herbicidgdrom 2012 to 2017. There was a substantial
increase in weed cover due alisrupted funding in2015that limited the activities at the sitesut most

areas were sprayed again in 2016. Other invasive weeds (all litdipsiorbia, PelargoniunCarpobrotus
Lupinusetc.) were removed by hand each year including 2017. It is anticipated that seveamlyeears of

weed controlwill be sufficient to control major weeds at these sit€&ge Section 6 for further details about
weed managemenmethods and outcomes

Table4. Total areas that received topsoil, seed or plants by yelanting occurred in alireag.

Restoration activity Timing Anketell Rd (ha) Forrestdale Lake (ha) Total (ha)
Topsoil transfer 2012 11.5 4.5 16
Planting 2012 2.5 15 4
2013 9 7 16
2014 32 7.5 39.5
2015 26 3 29
TOTAL 32 7.5 39.5
Direct seeding 2012 2 0.5 25
2013 10 - 10
2014 12 - 12
2016 12.5 1 135
TOTAL 155 1 16.5
Fencing TOTAL 23 35 26.5
Total for all activities 39 11 50

3.3 Direct Seeding and Hand Seeding

In some areas of the restoration sites, topsoil transfer was not an option because topsoildimakot

Airport was not available at suitable times, in sufficient quantities, or because vegetation types of the topsoil
source areas did not suit the soil conditions of potential recipient locations. In these cases, direct seeding
was the most efficienbption for revegetating large areas with few pegisting native plants. In 2012016,

a total of 16.5 ha at Anketell Road and Forrestdale Lake were direct seeded by Greening Australia WA using
machinery. Seeds were mixed with wetting agent, fertilisedl &anlking agents (sand and vermiculite), and
applied using seedrill technology (see Fig. 5A)

To infill smaller areas, a hand direct seeding method was developed for use iugdg6seed mixed with
bulking agents as described aboviéhis wascarried ait by DBCA staff and volunteeby digging a shallow
furrow with a hoe and then funnelling the seed mix through a 1 m plastic pipe while walking down the rows
(Fig. 5C)The seeds were then covered with a thin layer of soil. In total, more than 30 kgd{esecluding
seeds of the cycallacrozamig was used for direct seeding Anketell Road and Forrestdale Lake over 2012
2016 (Table).

In general, direct seeding by machine was successful at restoring a moderate diversity of banksia woodland
plants (Fig. B), but plant diversity and density was substantially lower in areas without respopadil (see

Section 4.6)Several years of planting and seeding were required in each area because of high summer
attrition. Resultsof seedingwere often uneven, with some areas of very dense seedlings (see Fig. 5D) and
other areas where seedlings were widely spadddwever, ve were able to fill in large gaps by a second
application of seed in 2016 using machine direct seedinigand seeding in open areak was possible to

drive around established plants to avoid damaging theitren reseeding large areas
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Figure 3 Forrestdale Lake restoration site showing total areas fenced, direct seeded and planted from 2012 to 2016.

Figure 4 Anketell Road restoration site showing total areas fenced, direct seeded and planted from 2012 to 2016.
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