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Abbreviations: 
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¶ DPLH ς Department of Planning, Lands and Heritage 

¶ DRF ς Declared Rare Flora 

¶ JAH ς Jandakot Airport Holdings Pty Ltd  

¶ PURSAC ς Perth Urban Restoration Scientific Advisory Committee 

¶ Restoration ς in this report refers to creating new habitat by establishing a specific type of native vegetation in totally 
ŎƭŜŀǊŜŘ ŀǊŜŀǎ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ŜǎǘŀǘŜΦ aƻǊŜ ƎŜƴŜǊŀƭƭȅ 9ŎƻǎȅǎǘŜƳ wŜǎǘƻǊŀǘƛƻƴ ƛǎ ǘƘŜ άǇǊƻŎŜǎǎ ƻŦ ŀǎǎƛǎǘƛƴƎ ǘƘŜ 
recovery of an ecosystem that has been degraded, damŀƎŜŘ ƻǊ ŘŜǎǘǊƻȅŜŘέ ό{9w 2004).  

¶ RP ς Regional Parks (Department of Biodiversity, Conservation and Attractions) 

¶ SAC ς Scientific Advisory Committee 

¶ SCD ς Swan Coastal District (Department of Biodiversity, Conservation and Attractions) 

¶ SCP ς Swan Coastal Plain 

¶ TEC ς Threatened Ecological Community 

¶ TFSC ς Threatened Flora Seed Centre (Department of Biodiversity, Conservation and Attractions, Kensington) 

¶ UN ς Urban Nature Program (Department of Biodiversity, Conservation and Attractions) 

¶ WAPC ς Western Australian Planning Commission 
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Executive Summary  
The Banksia Woodland Restoration (BWR) Project is managed by the Department of Biodiversity, 
Conservation and Attractions (DBCA) to create new banksia woodlands, and repair existing woodlands in the 
tŜǊǘƘ ƳŜǘǊƻǇƻƭƛǘŀƴ ŀǊŜŀΣ ŜǎǇŜŎƛŀƭƭȅ ŀǎ Ƙŀōƛǘŀǘ ŦƻǊ ōƻǘƘ ǘƘŜ ƴŀǘƛƻƴŀƭƭȅ ǘƘǊŜŀǘŜƴŜŘ /ŀǊƴŀōȅΩǎ ŎƻŎƪŀǘƻƻ 
(Calyptorhynchus latirostris) and the grand spider orchid (Caladenia huegelii)Φ Lƴ нлмсΣ ά.ŀƴƪǎƛŀ ²oodlands 
ƻŦ ǘƘŜ {ǿŀƴ /ƻŀǎǘŀƭ tƭŀƛƴέ ǿŜǊŜ ŀƭǎƻ ƭƛǎǘŜŘ ŀǎ ƴŀǘƛƻƴŀƭƭȅ ǘƘǊŜŀǘŜƴŜŘ, further strengthening the need to 
protect, manage and restore these plant communities. In 2011, offset funds from Jandakot Airport Holdings 
Pty Ltd (JAH) established the BWR proƧŜŎǘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ƳƛƴƛǎǘŜǊƛŀƭ ŎƻƴŘƛǘƛƻƴǎ ǘƻ ƻŦŦǎŜǘ ǘƘŜ 
impacts of clearing 167 ha of banksia woodland at Jandakot Airport, Perth, Western Australia. Now managed 
by the Department of the Environment and Energy, this offset requires JAH to provide DBCA with funding of 
ϷфΣнллΣллл ŦƻǊ άǊŜƘŀōƛƭƛǘŀǘƛƻƴ ŀƴŘ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ōŀƴƪǎƛŀ ǿƻƻŘƭŀƴŘ ǿƛǘƘƛƴ пр ƪƳ ƻŦ ǘƘŜ ŀƛǊǇƻǊǘέΦ  
 
The BWR project was established in September 2011 and has initiated large-scale restoration and 
rehabilitation works in 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. Select areas for restoration using a prioritisation process based on conservation values and 
ǘƘǊŜŀǘŜƴƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ Ƙŀōƛǘŀǘǎ ŦƻǊ /ŀǊƴŀōȅΩǎ ŎƻŎƪŀǘƻƻǎ ŀƴŘ ǘƘŜ ƎǊŀƴŘ ǎǇƛŘŜǊ 
orchid.  

3. Use scientific approaches to improve the cost effectiveness of restoring banksia woodlands. 
4. Improve methods for restoration by applying knowledge gained from monitoring outcomes.  
5. Maximise the area of banksia woodland created or repaired by efficient resource allocation. 
6. Develop monitoring protocols for assessing banksia woodland biodiversity and condition. 
7. Support community groups in managing banksia woodlands. 
8. Collate and share information on banksia woodland biodiversity, condition and management. 

 
Works undertaken or underway for the BWR project in the first six years 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 woodland in areas without native vegetation using various 
combinations of topsoil transfer, 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 condition in 25 sites (locations shown in the Map below) including: 

a. Control of the most serious environmental weeds in over 600 ha of bushland in 23 sites. 
b. Fencing of 12 km of reserve boundaries to reduce illegal access and associated threatening 

processes such as spread of Phytophthora dieback. 
4. Establishing a network of 31 plots at five sites for monitoring biodiversity and vegetation condition in 

banksia woodland to determine the long-term outcomes of weed management and recovery from 
bushfire.  

5. Providing funding, seeds, seedlings and advice to community groups and local governments for 
banksia woodland restoration at 19 locations. 

6. Enhancing conservation of the grand spider orchid (Caladenia huegelii) through translocations and 
population surveys. 

 
In 2014, JAH renegotiated the offset with the Commonwealth leading to amended ministerial conditions that 
modified the annual payment schedule so that future payments were only required when parcels of land 
were cleared for development. This change to ministerial conditions significantly affected the BWR project 
from 2015 onwards, by interrupting land management operations, research trials and staffing. As of 2018 
96% of the funding has been received, with $383,333 associated with the final seven hectares of clearing at 
Jandakot Airport still outstanding (expected in 2020 or later). In 2017/18 a major restructure of state 
government departments led to further changes to the BWR project. The project will be transitioning after 
June 2018 into a long-term 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 of 50 ha were selected that 
were dominated by weeds. These are Anketell Road in 
Jandakot Regional Park and Forrestdale Lake (see Map and 
Table). Flora surveys of reference sites provided plant 
diversity and density targets required to evaluate restoration 
success and plan seed collection and nursery orders. These 
reference sites were at Jandakot Airport (where the topsoil 
was sourced) and adjacent to the restoration sites.  
 
To support restoration works, the BWR project worked with 
DBCAΩǎ Threatened Flora Seed Centre to manage seed 
collections and resolve problems with seed germination for 
some species. A major seed resource has been established 
with over 1,200 seed accessions for 164 species, of which 341 
accessions were sent to nurseries, 550 were used for direct 
seeding, and 216 were provided to community groups or 
other restoration projects.  
 
Restoration at Anketell Road and Forrestdale Lake included 16 
ha of topsoil transfer in April-May 2012, 40 ha of planting of 
nursery-raised seedlings from 2012 to 2015, and some hand 
direct seeding (see Table below). In total, more than 46,000 
nursery-raised local provenance native seedlings were 
planted. In 2014 and 2016 an additional 16.5 ha was direct 
seeded using machinery by Greening Australia WA. 
 
In total, 162 species of native plants grew in the restoration 
sites, of which 115 came from the topsoil seed bank and most 
others were from planting and direct seeding. At both sites, 
native plant germination from topsoil peaked at over 700,000 
stems per ha in 2013, then declined substantially due to 
extremely hot and dry summers. By late 2017 native 
perennials had reached an average density of 20,000 stems 
per ha, well exceeding the target density of 7,000 stems per 
ha, but results were highly variable. Plant density targets were 
reached in 70% of monitoring plots with topsoil by the 
summer of 2016/2017. Target density of 250 stems per ha of 
banksias (for /ŀǊƴŀōȅΩǎ ŎƻŎƪŀǘƻƻ ŦƻƻŘ plants) was reached in 
most areas, but later declined to 150-220 stems per ha due to 
drought mortality. Native plant cover in these areas increased 
gradually to 20% by 2017 and perennial weed cover stabilised 
at around 5% (see Graph). Areas established by direct seeding 
and planting only had lower plant diversity and cover than 
areas with topsoil, but also had higher tree density. All of the 
areas require some ongoing weed management, particularly 
for couch grass (Cynodon dactylon). Future monitoring will be 
needed to confirm a self-sustaining ecosystem develops, 
determine which restoration methods were most successful 
and cost effective, as well as to inform future management. 
These data are also required to measure the overall cost of 
establishing banksia woodland with a diverse understory and 
resilient tree canopy.  
  

 
Map showing Banksia Woodland Restoration 
Project locations in the Perth Metropolitan 
Region relative to Jandakot Airport (white 
star). These include three restoration areas: 
Anketell Road, Forrestdale Lake and 
Harrisdale Swamp (green stars), sites for 
weed and other management (yellow 
circles), and funding provided to community 
groups for the restoration or repair of 
banksia woodlands (orange triangles). This 
map also shows remnant vegetation (light 
green shading) and reserves managed by the 
Department of Biodiversity, Conservation 
and Attractions (light blue boundaries). 
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Table showing the extent of each restoration method in hectares at the two restoration sites. Note: planting and direct 
seeding overlapped in various combinations therefore total areas restored are not sums of each method. 

Restoration method Timing Anketell Rd (ha) Forrestdale Lake (ha) 
Total restored by 

method (ha) 

Topsoil transfer 2012 11.5 4.5 16 

Planting 2012 - 2015 32 7.5 39.5 

Direct seeding 2012, 2014, 2016 15.5 1 16.5 

Total area restored* 39 11 50 

 

 

Graph showing vegetation cover 
trends over four years for areas with 
respread topsoil in the largest 
restoration site at Anketell Road. The 
increase in native plants is a result of 
seed germination and planting, while 
weed cover (mainly perennial veldt 
grass Ehrharta calycina and couch 
Cynodon dactylon) has remained fairly 
stable over the last three years but 
may require ongoing management. 

 
In 2017, the BWR Project was commissioned by the Department of Planning, Lands and Heritage to help 
manage restoration of a highly degraded 7 ha area at the southwestern boundary of Harrisdale Swamp. 
Topsoil was harvested after clearing at Jandakot Airport and respread at the Harrisdale in May 2017. We 
monitored 24 quadrats to provide baseline data for weed management and restoration and obtained seed. 
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 programs, as well as providing training in restoration 
monitoring for community group members and university students. 
 
The second major component of the BWR project is to undertake management to improve the condition of 
existing banksia woodland in the conservation estate. Sites for management actions such as weed control 
and fencing were selected after a strategic assessment of banksia woodland areas on the Swan Coastal Plain, 
site visits and weed mapping. Weed control using selective herbicides for perennial veldt grass (Ehrharta 
calycina) and other major environmental weeds occurred at 27 sites within 23 reserves from 2013 to 2017 
(over 600 ha in total - see Map). Offset funding was also used to establish the Perth Banksia Woodland 
Community Restoration Grants, which has provided $300,000 to community groups for restoration, weed 
management or dieback control at 19 additional locations in 2015 (see Map). 
 
A banksia woodland monitoring program was established in 2013 to measure changes to plant diversity, 
cover, density and condition following perennial veldt grass control (31 plots at five locations). Effective 
weed control initially increased the dominance of annual plants, as well as some perennial native plants and 
banksia seedlings. Fauna monitoring in restoration areas and banksia woodland reference sites established 
that there were few native mammals, but substantial numbers of birds, reptiles and amphibians in all areas 
and that these were already beginning to use the restoration sites. 
 
A severe bushfire in Banjup in February 2014 burnt seven monitoring plots in Shirley Balla Swamp. This 
created an opportunity to study the impact of fire on banksia woodland plant diversity, cover and density. 
There was a 39% mortality rate for banksia trees, but also a very high rate of post-fire germination of banksia 
seed (6,000 seedlings per ha). Post-fire, more plant species recovered by seed germination than through 
resprouting, however the latter resulted in greater foliage cover. Major benefits to native plants cover and 
diversity due to weed management were also measured post-fire.  
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1. Introduction  and Background  

The Jandakot Airport Offset Plan was developed in 2010 by Jandakot Airport Holdings Pty Ltd (JAH) as an 
offset for the clearing of up to 167 ha of native vegetation at Jandakot Airport in Western Australia. The 
approval for this expansion of Jandakot Airport was subject to a number of conditions specified in the EPBC 
2009/4796 approval document (Government of Australia 2010). The conditions of the approval need to be 
fulfilled to the satisfaction of the Commonwealth Department of the Environment. In addition to banksia 
woodland restoration (Condition 4b), the offset also funded the acquisition of /ŀǊƴŀōȅΩǎ Ŏockatoo 
(Calyptorhynchus latirostris) feeding habitat (Condition 4c), /ŀǊƴŀōȅΩǎ Ŏockatoo recovery actions (Condition 
4e) and Caladenia huegelii research by the Botanic Gardens and Parks Authority (Condition 6e). This report 
only concerns Condition 4b which was supported by payment of $9,200,000 to the Department of 
Environment and Conservation (DEC), now the Department of Biodiversity, Conservation and Attractions 
(DBCA), for the restoration and rehabilitation of banksia woodland within 45 km of Jandakot Airport. A 
memorandum of understanding between JAH and DEC, signed in 2011, set out the manner in which they 
would work together to satisfy Condition 4b. In 2011, DEC initiated the Banksia Woodland Restoration (BWR) 
project to undertake these tasks. Lƴ нлмс ά.ŀƴƪǎƛŀ ²ƻƻŘƭŀƴŘǎ ƻŦ ǘƘŜ {ǿŀƴ /ƻŀǎǘŀƭ tƭŀƛƴέ ǿŜǊŜ ŀƭǎƻ ƭƛǎǘŜŘ ŀǎ 
nationally threatened further strengthening the need to protect, manage and restore these ecosystems.  

Approximately 66% of the native vegetation in the Swan Coastal IBRA Bioregion has been cleared, much of 
which was banksia woodland (Local Biodiversity Program 2013). In the Perth Metropolitan area, less than a 
quarter of the original banksia woodland remains and all of this is ǇƻǘŜƴǘƛŀƭ /ŀǊƴŀōȅΩǎ Ŏockatoo (CBC) 
feeding habitat. The BWR project has the overall objective of increasing the area and improving the 
condition of banksia woodlands with similar biodiversity values to the Jandakot Airport woodlands, to help 
mitigate the most significant impacts from clearing this location. These impacts include the loss of CBC 
feeding habitat and habitat for the endangered orchid Caladenia huegelii. The BWR project has the following 
principal objectives:  

1. Restore banksia woodland by creating new vegetation and repairing existing woodland within the 
conservation estate. 

2. Select areas for management using a ranking process based on environmental values, especially 
concerning habitats for CBC and Caladenia huegelii.  

3. Use scientific approaches to maximise the cost effectiveness of ecosystem management. 
4. Improve methods for rehabilitation using knowledge gained by monitoring outcomes.  
5. Maximise the area of banksia woodland restored or managed by efficient resource allocation. 
6. Develop monitoring protocols and criteria for assessing banksia woodland condition and 

biodiversity. 
7. Support community groups who help to manage banksia woodlands. 
8. Collate and share information on banksia woodland biodiversity and condition.  

The BWR project has initiated large scale natural habitat restoration and rehabilitation work in the 
conservation estate to meet the objectives listed above. These actions target banksia woodland habitats in 
the Perth Metropolitan Region, giving highest priority to areas most similar to those at Jandakot Airport as 
well as areas of very high conservation value such as Threatened Ecological Communities. The site 
prioritisation process and the establishment of reference plots used to provide targets for restoration are 
described in separate reports (Brundrett et al. 2017, Clarke et al. 2017). Management actions include:  

1. Site selection following a rigorous criteria-based ranking process. 
2. Establishment of new banksia woodland in cleared areas using topsoil from Jandakot Airport, direct 

seeding and planted seedlings. 
3. Banksia woodland rehabilitation to protect and 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 illegal access and the associated disturbance and 

rubbish dumping, as well as weed and Phytophthora dieback spread. 
c. Infill planting of banksia trees in areas where existing native canopy cover is sparse. 

4. Establishing a network of banksia woodland condition monitoring sites. 
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5. Providing support for community groups or local government to do any of the above. 

1.1. Issues with Offset Funding and Long-Term 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 Jandakot Airport. In 2014, JAH renegotiated the offset with 
the Commonwealth and the ministerial conditions for the offset were amended as a variation to approval 
EPCB 2009/4796 (Department of the Environment 2014). This allowed JAH to postpone payments to the 
department until clearing occurred, rather than make annual payments from 2010-2015 as agreed under the 
original schedule with a 5-year deadline to finalise payment (Department of the Environment 2014) (Fig. 1). 
This major change to the offset, without consultation with the department, significantly affected the project 
from 2015 onwards. It created uncertainty about completion of project objectives, loss of continuity of land 
management operations and research trials, and caused major disruption to staffing the specialist 
restoration team. A major factor in the department originally committing to this third-party offset was the 5-
year funding schedule and limit to finalisation of payment. 
   

 

Figure 1. The original 5-year 
staged funding schedule 
(green) of the Jandakot 
Airport Offset and the 
revised schedule of funding 
(red) under the amended 
offset, determined by on- 
ground clearing operations 
at Jandakot Airport. The 
question mark above 2020 
indicates the earliest the 
final payment is expected. 

 

 
As shown in Figure 1, funding was interrupted between 2012 and 2015 when a relatively small area of 
Jandakot Airport (14 ha) was cleared, resulting in a small interim payment to the department. This allowed 
re-employment of key staff and some limited restoration activities to continue into 2016. In 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 2013/7032). During the audit, JAH 
confirmed they were committed to payment of the full $9.2 million to DBCA. The department 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 ministerial conditions of the offset (EPCB 2009/4796).  
 
In August 2016, JAH paid a further $2.3 million to the department (Fig. 1). This allowed the specialist 
restoration team to be retained and ongoing restoration works to be continued. However, the delays and 
changes to funding had already affected project outcomes significantly. To date, 96% of the agreed funding 
has now been received (Fig. 1). A total of $383,333 remains outstanding associated with the final seven 
hectares of clearing at Jandakot Airport. Timing of this payment is under negotiation with JAH and is 
expected at the earliest in 2020 (Fig. 1). In 2017 a major restructure of state government departments led to 
further changes to the BWR project. The project will be transitioning after June 2018 into a long-term 
monitoring programme for restoration sites and banksia woodland.  
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2. Seed Management and Germination Research  

Restoring banksia woodland is difficult because some of the most important species, including banksias, do 
not usually recruit 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 
seed viability, or are difficult to germinate. Seed collecting is a major expense for all restoration projects and 
seed quality assessment is required to ensure this activity is undertaken efficiently. The BWR project set up a 
collaboration with DBCAΩǎ Threatened Flora Seed Centre (TFSC) to organise and store the large 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 restoration. Work at the TFSC was managed by Anne Cochrane 
and Andrew Crawford.  
 
Seed collected from the Coastal Plain for this project includes large quantities of seed from Jandakot Airport 
and over 50 other locations (Table 1). Over the project, 1,238 accessions of seed from 164 species have been 
received. Germination testing to confirm viability of 607 accessions of 87 species has also been conducted. 
Seed collections to supply nursery orders and direct seeding for the BWR project, as well as other restoration 
projects are stored at the TFSC in a refrigerated and humidity-controlled environment. Currently there are 
680 accessions of 135 different species (totalling 100 kg) in storage where they will remain available for use 
by restoration projects. Over the life of the project, over 30 kg of seed (excluding Macrozamia seed) from 
over 80 species have been used for direct seeding (Table 2). Approximately 6.4 kg of seed from 49 species 
have been sent to nurseries resulting in over 46,000 plants (Table 3). The BWR project also provided seed to 
two other major restoration projects for the Roe 8 corridor and Harrisdale Swamp in 2017/18 (Table 2), and 
also to support seven community group or local government restoration projects. 
 
 
Table 1. Seed inputs and outputs of the TFSC for the BWR project from 2011-2018, including seed quantified and 
germination tested, as well as seed placed into long-term freezer storage. 

 Number of Accessions Number of Species 

Total collections received 2011-2018 1,238 164 

Germination tested 2011-2018 607 87 

Accessions currently in storage 680 135 

Nursery total 341 49 

Direct seeding total 550 83 

Seed given to other projects 216 59 

 
 
Table 2. Amounts of seed (g) used for direct seeding by year and location (excluding over 30 kg of Macrozamia seed). 

Year Anketell Road Forrestdale Lake Roe 8 
Harrisdale Swamp 

(planned) 
All sites 

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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Table 3. Total number of nursery-raised tubestock planted over four years at Anketell Road, Forrestdale Lake and Pony 
place (a small restoration area near Anketell Road). 

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 Trials 

In 2015, a research trial was set up to try to increase the speed and reliability of banksia seed germination in 
the field. A total of 1,440 Banksia attenuata seeds were planted across four plots at Anketell Road. Half the 
seeds were pre-soaked in water, while the other half was untreated (control). In addition, two sowing times 
(June and July) were compared. In 2016 the trial was repeated using the same methods but using earlier 
sowing times (May and June).  
 
In both the 2015 and 2016 trials, the pre-soaked seeds emerged faster and with a total emergence 6-7% 
higher than the control seeds (data not shown). Despite these quicker germination times and greater total 
emergence of the pre-soaked seedlings, all seedlings started dying off in large numbers over their first spring 
and summer. Seedling deaths commenced shortly after emergence, with mortality from June to October 
(Fig. 2) primarily caused by snail and insect herbivory, as evidenced by chewing damage to cotyledons that 
were partly or completely eaten. Seedling deaths peaked from October 2016 to March 2017. This coincided 
with rapidly declining rainfall (see Section 4.1) which presumably caused major drought stress. In total 
around 60% of seedlings died before the end of their first summer (Fig. 2). By March 2017 (44 weeks after 
seeding), average survival of emerged seedlings across all treatments was only 4% for the 2016 trial. These 
trials occurred in four areas at Anketell Road with very low plant density. It is possible that poor plant 
establishment indicates unidentified soil or hydrological problems in these areas, though previous results 
from other trials elsewhere suggest that low survival of banksias is fairly typical everywhere at this site, 
especially due to severe drought in late spring and summer. 

 

 

Figure 2. Seedling deaths from 
the 2016 banksia seed 
germination trial. Deaths that 
occurred from June to October 
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. 
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3. Banksia Woodland Restoration  

Restoration activities covered a total of 50 ha at Anketell Road and Forrestdale Lake between 2012-2016 
(Table 4). Figures 3 and 4 show the extent and layout of restoration works at these sites. Transferred topsoil 
was spread across 11.5 ha at Anketell Road and 4.5 ha at Forrestdale Lake. In 2012, small areas of the 
transferred topsoil at both sites totalling 2.5 ha were direct seeded as a trial run. Between 2012-2015, 
planting at each site took place in both topsoil and non-topsoil areas, with a total of 32 ha at Anketell Road 
and 7.5 ha at Forrestdale Lake. At Anketell Road, 22 ha of land was restored in non-topsoil areas, of which  
13 ha were direct seeded and planted, and 9 ha were planted only. At Forrestdale Lake, around 2.5 ha of 
already vegetated areas (non-topsoil areas) were infill planted with overstory species. More details on each 
restoration activity are described below. 

3.1 Topsoil Transfer  

The Department received notification from JAH in September 2011 that they planned to clear Precinct 5 in 
early 2012, an area of 42 ha that included about 20 ha of suitable excellent to very good condition banksia 
woodland. This was a year ahead of the original schedule in the offset plan. This provided the only 
opportunity to use transferred topsoil to restore banksia woodland, since topsoil in other areas at Jandakot 
Airport was either no longer available or scheduled for clearing years later (Section 1.1). Consequently, DBCA 
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, weed-dominated fields at Anketell Road and 
Forrestdale Lake (Fig. 6). Topsoil from Jandakot Airport was spread to a uniform depth of either 50 or  
100 mm in April-May 2012 after a thin layer of existing topsoil (5-10 cm) was scraped off to reduce the weed 
soil seed bank. Topsoil from Jandakot Airport was only applied to upland areas, as it contained seeds of 
species unsuited to dampland habitats. At Anketell Road, 11.5 ha received transferred topsoil and at 
Forrestdale Lake 4.5 ha. Control of grazing animals was found to be essential, so rabbit-proof fencing was 
installed around 26.5 ha of land to protect the direct seeded areas, and most of the topsoil and planted 
areas (Figs. 3, 4). 

3.2 Planting and Weed Control 

The first planting took place in 2012 after the topsoil transfer, with larger planting and seeding programs 
from 2013-2015 (Table 4). At both sites, separate species lists were used for planting and direct seeding in 
upland and transitional dampland areas. These lists resulted from the assessment of flora and vegetation in 
reference sites that ranked species according to their importance in each zone (Brundrett 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 (2012-2015) at Anketell Road and Forrestdale 
Lake (Table 3). Nursery orders primarily consisted of trees and shrubs with canopy-stored seed that were 
unlikely to regenerate from topsoil. Tubestock was planted by DBCA staff, volunteers from the Friends of 
Forrestdale, as well as Ecojobs (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 to infill sparse canopy in vegetated areas at Forrestdale Lake (orange areas in Fig. 3), and to 
increase restored areas at both sites (unfenced shaded areas in Figs. 3 and 4). Survival of these plants was 
very low in most areas due to drought and grazing, despite the use of tree guards. For example, in the two 
largest planted and unfenced areas at Anketell Road (shaded orange in Fig. 4), survival was extremely low in 
the western area (below 1%) with only one surviving plant, and in the eastern area, survival was 
approximately 10% with 57 surviving plants (resulting in a density of only 20 stems per ha). These areas were 
mostly planted with trees that should eventually help to restore canopy cover, although further work may be 
required to 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 
invasiveness and competitive ability. Perennial veldt grass (Ehrharta calycina), pigface (Carpobrotus edulis) 
and couch (Cynodon dactylon) were sprayed using herbicides from 2012 to 2017. There was a substantial 
increase in weed cover due to disrupted funding in 2015 that limited the activities at the sites, but most 
areas were sprayed again in 2016. Other invasive weeds (all bulbs, Euphorbia, Pelargonium, Carpobrotus, 
Lupinus, etc.) were removed by hand each year including 2017. It is anticipated that several more years of 
weed control will be sufficient to control major weeds at these sites. See Section 6 for further details about 
weed management methods and outcomes.  
 
Table 4. Total areas that received topsoil, seed or plants by year (planting occurred in all areas).  

Restoration activity Timing Anketell Rd (ha) Forrestdale Lake (ha) Total (ha) 

Topsoil transfer 2012 11.5 4.5 16 

Planting 2012 2.5 1.5 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 2.5 

2013 10 - 10 

2014 12 - 12 

2016 12.5 1 13.5 

TOTAL 15.5 1 16.5 

Fencing TOTAL 23 3.5 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 topsoil from Jandakot 
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 efficient option for revegetating large areas with few pre-existing native plants. In 2012-2016, 
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, fertiliser and bulking agents (sand and vermiculite), and 
applied using seed drill technology (see Fig. 5A).  

To infill smaller areas, a hand direct seeding method was developed for use in 2016 using seed mixed with 
bulking agents as described above. This was carried out by DBCA staff and volunteers by 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 kg of seed (excluding 
seeds of the cycad Macrozamia) was used for direct seeding Anketell Road and Forrestdale Lake over 2012-
2016 (Table 2).  

In general, direct seeding by machine was successful at restoring a moderate diversity of banksia woodland 
plants (Fig. 5B), but plant diversity and density was substantially lower in areas without respread topsoil (see 
Section 4.6). Several years of planting and seeding were required in each area because of high summer 
attrition. Results of seeding were often uneven, with some areas of very dense seedlings (see Fig. 5D) and 
other areas where seedlings were widely spaced. However, we were able to fill in large gaps by a second 
application of seed in 2016 using machine direct seeding or hand seeding in open areas. It was possible to 
drive around established plants to avoid damaging them when 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.   
























































































