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I should like to begin this editorial with a strong vote of thanks 

to Sandra Maynard who recently relinquished her role as our 

Development Offi cer. Sandra had been with the Association since 

its inception more than fi ve years ago and provided the administrative 

skill to get the organisation on its feet and keep all the members 

informed. Over the intervening years Sandra also put in a lot of 

work organising the AGM’s and the different seminars, country 

meetings and outings. Thanks a lot, Sandra, and we wish you all 

the best in your future activities. 

I would like to extend a warm welcome to the new Development Offi cer, 

Delia Baldock, who is a member of the team at Landcare Services. 

Delia’s contact details are included in this newsletter.

The revegetation season is fast approaching and the excellent rainfall 

in April may give cause for expectations of a good winter rainfall. Last 

year we received some initial good falls in the autumn but June was 

dry. I note with interest that the Elders long range forecast is predicting 

an above average chance of another dry June. Apparently La Nina is at 

it’s maximum peak in the Pacifi c and is the dominant infl uence on our 

weather. This scenario brings me to the topic of dynamics and how 

this affects our industry. Climate change is here to stay and probably 

lower rainfall for the South West. What effect will this have in the short 

and long term on our fl ora systems? Will we see extinction of species 

that cannot adapt to lower rainfall/ Will species migrate from drier 

regions? What effect will it have on how we go about our revegetation 

efforts? I believe that we will have to develop new techniques for plant 

establishment and in this regard it is essential that all practitioners stay 

abreast of latest research and are able to continually update to best 

industry practice. RIAWA can assist in this by helping to disseminate 

information to its members, by supporting training and accreditation 

initiatives and through effective networking. It’s up to us, the members, 

to provide the motivation and resources to make this happen. I urge all 

members to get involved in supporting RIAWA by offering to serve on 

the management committee, recruiting new members and attending 

events. “Many hands make light work” – and this is particularly true 

when running a volunteer organisation. Everyone you talk to in the 

industry is fl at out these days and this is just the time when we should 

be pushing ahead with making RIAWA a bigger and stronger association.

David Venning

EDITORIAL
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IMPORTANT NEWS!

WAFIAC meeting

I attended the WA Flora Industry Advisory Committee (WAFIAC) 

annual meeting on the 8th April at the DEC headquarters in 

Kensington, as the RIAWA representative. I was pleased to meet 

Pauline Goodreid who has taken over in the DEC Wildlife licensing 

section from Conor O’Neil. Pauline explained that she has now 

worked through a backlog of license applications and will ensure 

that all future applications are dealt with as quickly as possible. 

I also discussed with her issues raised by members who have 

concerns with regulation 4 authorities and applicable licensing 

and I will report back to members on any developments in this 

process.

Ken Atkins gave a very interesting talk about the change of name of 

WA Dryandras to Banksia. In essence the change has been brought 

about through examination of the genetic tree of Banksias. Traditional 

taxonomy views this tree in a two dimensional sphere and Dryandra forms 

a branch within this tree which links it to Banksia. However, if you view 

the tree in three dimensions there is a very large gap between Banksia 

and Dryandra! Perhaps the old taxonomical rules need to be changed 

to take advantage of contemporary technology and our ability to study 

fl ora with a lot more detail. I have heard murmurings that other genera 

could be changing name too – watch this space.

Florabank

The fi rst WA Florabank seed collection training course was held in WA 

early this month. The course was held at the Bold Park Environment 

Centre and the feedback from attendees I spoke with has been very 

positive. This training course has been developed by the CSIRO with 

funding from Florabank. It is hoped that it may help to evolve a process of 

introducing a nationally recognised training and accreditation certifi cate. 

David Venning

MEMBER BENEFITS

• Representation of industry issues with government agencies and 

NGO’s

• Professional recognition of adherence to highest industry standards 

and quality

• Networking with fellow industry professionals

• Opportunity for input into industry submissions, papers, guidelines 

and committees

• Information seminars

• Latest industry news for new techniques, methodologies and 

legislative changes

• Access to free advice through the committee and members

• Web site listing

• Free newsletter

• Use of Association logo on your own marketing material

• Positive contribution towards sustainable conservation outcomes 

by improvement to the standards of native plant revegetation
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DO YOU HAVE?

 PASSION FOR YOUR JOB AND THE NATURAL 
ENVIRONMENT & RESOURCE SECTORS. 

 SKILLS & EXPERIENCE TO PROGRESS YOUR 
REVEGETATION INDUSTRY.

YES! THEN WE ENCOURAGE YOU TO NOMINATE FOR 

A RIAWA COMMITTEE POSITION.

Why be on the Committee?

As a Committee member you have the opportunity to help guide and 

strengthen the development & progression of the Revegetation Industry 

in Western Australia.

In order to achieve these outcomes & ensure breadth of representation 

of the industry; RIAWA are calling for nominations for the RIAWA 

Management Committee. 

What do the Committee do?

• Develop & implement the key objectives of our Action Plan

• Meet a minimum of four times a year 

• Regularly communicate via email, meetings & phone

• Attend meetings as required with key agencies and organisations

Who is the Committee?

The Committee is made up of eight positions including the current 

offi cer bearers: 

• Chairman (Geoff Cockerton)

• Vice Chair (Bernard McLean)

• Secretary (Luke Sweedman)

• Treasurer (Julia Murphy)

• Committee members. (Brett Kuhlmann, David Venning and 

Danielle Risbey)

• RIAWA employs a part time Development Offi cer (Delia Baldock) 

to administer the Association’s business 

RIAWA has members representing 

• private enterprise

• state and local government agencies

• natural resource management organisations & professionals

• non-government organisations

• student and interested individual members 

We are looking for representation on our Committee from all sectors 

of the industry, including:

• revegetation operators

• mining sector

• native nurseries / plant propagators

• seed collectors / suppliers

• earthworks / surface cultivators

• translocation operators

• weed managers

• environmental consultancies

• landscape architects

• botanists, zoologists / ecologists

• industry regulators and decision makers

• anyone with an interest in the environment and it’s restoration

Who do I Call?

If you are interested in becoming a RIAWA Committee member contact 

Delia Baldock. Details are on the membership application in this 

newsletter. Nominations may be made up to and including the date 

of the AGM in September.

On behalf of the RIAWA Committee, we welcome your involvement in 

our association, and look forward to a positive future in the revegetation 

industry in W.A.

RIAWA COMMITTEE NOMINATIONS
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MARINE COUCH - Sporobolus virginicus

This native grass is a perennial species with a wide distribution 

around WA and throughout Australia. It grows in sand, clay and 

peat and is highly salt tolerant favouring beach dunes, fringe areas 

in salty wetlands and tidal/mud fl ats. 

Habit and description

It has a creeping habit and grows to about 0.5 m high. The leaves are 

green, glabrous, less than 1 mm wide. It fl owers in summer and produces 

plenty of seed which has an after-ripening period, requiring 8-24 months 

storage. Light may improve germination.

Propagation

Transplanting clumps of the grass works well or by use of the seed as 

described above.

Revegetation uses

May be used to stabilise estuarine banks and similar sites and is 

important as a native coloniser to keep out exotic weeds. If using 

tubestock it should be planted out at a rate of 25/m2. Seeding rates 

vary according to the site conditions and requirements for cover. It is 

palatable and nutritious to grazing animals.

PLANTS IN PROFILE
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WHICH MULGA IS THAT?

Many of us are familiar with the Granite Mulga Acacia quadrimarginea. 

It is a small spreading tree, often 4 to 8m high, has glossy dark 

green foliage and is found on and around granite rocks, granite 

plateaux and breakaways.

Over the past few years, works by several botanists for the mining 

industry in the Yilgarn and Mid-West recorded this species on ironstone 

hills and ranges. This was thought unusual. Recently, Dr Bruce Maslin, 

Department of Environment and Conservation, WA Herbarium, 

commenced a review of this species. What he has found to date is 

quite startling. The plant we commonly know as “Acacia quadrimarginea” 

is actually a complex of around 5 species. They have very similar foliage, 

have markedly different fruits and differing habitat requirements.

Typical Acacia quadrimarginea is always associated with granitic 

landforms. It has large fruits that are often 10 to 15 cm long, slightly 

constricted between seeds and with a very broad and prominent set of 

4 wings, “quadri-margins” running the length of the edges of the fruit.

The species found on the ironstone ranges of the northern Yilgarn has 

the temporary phrase name Acacia sp. Mt Jackson (B. Ryan 176). 

Beck Ryan, working for Mattiske Consulting on 4th Nov 2000, collected 

the specimen that has been chosen to describe the species.

Bruce has another 3 variants of this group, one occurring on low 

ironstone hills north of Kalgoorlie, that probably extends as far north as 

south of Wiluna.

This shows us that it is critical to keep good records of provenances of 

species used in revegetation and to match the species we supply not 

only within acceptable geographical bounds but also with a keen eye 

on landscape and parent rock types. In this case, genetic pollution 

would occur if A. quadrimarginea from granitoid landscapes was 

supplied to an iron ore mine in the Yilgarn for example.

The best place to fi nd current plant names in Western Australia is the 

DEC’s Florabase website: 

http://fl orabase.calm.wa.gov.au/

The general public has free access to the basic levels of this amazing 

website including a photo of many species, maps of distributions and 

a brief description. If you want more detailed information such as exact 

locations of collections, you’ll need to negotiate access with the WA 

Herbarium, contact the director, Mr Kevin Thiele, 9334 0500. There are 

fees applicable for higher levels of access.

Another excellent guide to Wattles is found on the World Wide Wattle 

website: 

http://www.worldwidewattle.com/

This has more information and photos on each species and has free 

access.

For species with distributions across Australia, the Australian Virtual 

Herbarium (AVH) website is an essential resource. The map interface 

shows distribution of all species across Australia and can be very 

useful if you are working in Central Australia or anywhere near the 

Northern Territory or South Australian borders as many species that 

are common on the east of the border are also found in WA.

http://avh.dec.wa.gov.au/

Geoff Cockerton

Acacia sp. Mt Jackson (B Ryan 176) tree at Windarling Range, 2003

Acacia sp. Mt Jackson (B Ryan 176) 

tree at Windarling Range, 2003
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WEED CONTROL TRIALS IN BLACK VERTOSOL SOIL AT FOLLY POOL, WESTERN AUSTRALIA

Aim/s and Introduction

Initial revegetation by Main Roads WA in an offset area in black 

Vertosol soil at Folly Pool, some 40 km south of Perth did not meet 

the completion criteria within the required time frame, due primarily 

to weeds suppressing many of the native plants, despite conventional 

pre- and post-planting herbicide applications.

The site, which was previously used as improved pasture, has a 

Mediterranean climate, and the surface typically becomes waterlogged 

in winter, but in summer becomes extremely dry and hard, with extensive 

surface cracking. Tests showed the soil to be very low in pH and soil 

carbon, but that trace elements and phosphorus were adequate, and 

groundwater salinity near the surface was low.

The main weeds previously identifi ed were Vicia sativa, Lotus spp, 

Polygonum aviculare, Lythrum hyssopifolia, Rumex spp, Solanum 

nigrum and Avena barbata, all of which can be diffi cult to control.

Trials to compare various treatments for the control of weeds and their 

effects on native species direct seeded and planted as seedlings 

commenced in 2006. Follow-up trials commenced in 2007. Main Roads 

WA kindly consented to the publication of the results of the research, 

which was contracted to Tranen.

Materials and Methods

Eight plots 100 m long by 4 m wide, separated by 1 m wide weeded 

previously-planted mounds, the plants in which were pruned to eliminate 

overhangs, were ripped to 200 mm depth and gypsum applied at a rate 

of 5 t/ha in an attempt to reduce cracking and improve the physical 

and chemical properties of the soil (Hamza and Penny 2002). Ripping 

can be excellent for controlling existing weeds (Pratley and Corbin 1994) 

(though it can also lead to the germination of buried seed populations 

(Scopel et al 1994), which can lie dormant in the ground for many years).

Unfortunately 2006 was the driest year in recent records, and planned 

herbicide sprayings before seeding and planting did not take place, as 

there were no signifi cant weeds visible.

Seven different weed control methods were trialled against a control. 

Three of the plots were tilled, and one was scalped, and these plots 

were either direct seeded or planted at various densities with various 

species, or a combination of the two. Three plots had surface coverings 

applied, namely woven black plastic weed mat and jute mat (620 g/m2) 

both secured with 150 mm steel pins, and mulch (100 mm thick), all of 

which were planted with seedlings of six species of native plants, with 

40 seedlings/plot, and 20 g of dynamic lifter fertiliser per plant. The 

control was similarly planted. Seedlings were watered in.

In follow up trials commenced in 2007, one third of the plastic weed 

mat was removed, and the area is being monitored for weed growth. 

Weed growth in surface soil samples is also being evaluated in a 

glasshouse, to eliminate the possible effects of weed propagules 

blown onto the test plot.

Results

In direct seeded plots and planted plots without applied surface 

coverings, weeds grew prolifi cally soon after seeding and planting, 

completely dominating the sites, and effectively preventing the 

emergence of native germinants from seed and severely affecting the 

planted tubestock. Only the three plots with applied surface coverings, 

which were not as badly affected by weeds, and the control are 

considered further.

Figure 1 shows the state of these three plots and the control after 8 

months. The control was completely covered with weeds of numerous 

species. No weeds had grown through the plastic weed mat, where 

only one signifi cant weed had grown in a planting hole, and lateral 

encroachment of some Polygonum aviculare over the surface of the 

mat from the intermediate mounds had no effect on the plants. Weeds 

which had grown in the mulched plot were 152 Latuca saligna, 26 

Polygonum aviculare, and lesser numbers of other weeds including 

Rumex spp. There were fewer weeds in the jute mat, with several 

Polygonum aviculare growing through it and encroaching laterally from 

the intermediate mounds, as well as several Rumex spp growing 

through the jute and in planting holes.

Continued over page…
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Only 20% of the plants had survived in the control, compared to 90%, 

85% and 95% respectively for the weed mat, mulch and jute mat. 

Mean plant height ranged from 1.3 m for the weed mat to 1.1 m for the 

mulch and 1.0 m for the jute mat, and differences in mean height are 

not signifi cant at the 95% confi dence level. Viminaria juncea grew 

marginally better in the weed mat, and Eucalyptus rudis in the mulch, 

but there were no statistically signifi cant differences between the 

growth rates of Acacia saligna, Casuarina obesa, Melaleuca viminea, 

and Kunzea ericifolia in any of the plots.

Mean surface temperatures taken during a prolonged hot dry spell in 

early March 2007, at ambient 36ºC, were 62ºC for the control, 55ºC for 

the weed mat, 54ºC for the mulch and 60ºC for the jute mat. Mean 

temperatures at 25, 50, 75 and 100 mm below ground level were 

reasonably consistent for the control and all of the treatments (except 

for mulch), dropping to around 40ºC at 50 mm depth and 30ºC at 100 

mm. For the mulch, corresponding temperatures were lower, with 25ºC 

at 50 mm and 23ºC at 100 mm.

Preliminary indications from 2007 tests on the area of the plot from which 

the weed mat was removed are that subsequent weed growth is much 

lower than in new trial areas recently ripped.

Discussion

Ripping alone was not effective in the control of weeds, and likely 

promoted weed growth in the control.

Black plastic weed mat was by far the best at controlling weeds, and 

had no negative effects on plant growth. However, its use is at variance 

with recommendations of Simcock et al (2005), who advise against 

using plastic weed mat on degraded sites, especially those with low 

carbon contents, like this one. Although there were signifi cant numbers 

of weeds in the mulch and jute mat, selective post-planting herbicide 

applications, which would usually be expected to be specifi ed for 

revegetation projects, but in this case were not, would have easily 

controlled the weeds, if applied timeously.

Many studies on solarisation with plastic (space precludes citing them 

all here) report signifi cant reductions in weed populations, but these 

mostly involved the use of impermeable clear plastic sheeting placed 

on plots, usually with the edges fi rmly sealed onto the ground, for a 

given number of days prior to removal before planting. The black 

plastic used here was tightly woven and somewhat permeable. 

Although no permeability data was available from the manufacturer, 

tests showed that water could seep through it. This permeability and 

lack of edge sealing probably contributed to lower soil temperatures 

than in typical tests in the literature, given that the site gets quite windy 

in summer, with afternoon sea breezes typical. Below-ground 

temperatures had been expected to be signifi cantly higher in the case 

of the black weed mat than in the control and jute mat, but this was 

not the case - it had been anticipated that higher ground temperatures 

would have led to increased mortality of weed propagules. Blair (1997) 

found that the average temperature of the soil, over the 10 minutes 

heating required to prevent over 90% germination, varied between 

48ºC and 65ºC for the weed species tested. Current tests with part of 

the black plastic weed mat removed should give an indication of the 

extent to which the viability of weed propagules has been affected by 

solarisation.

WEED CONTROL TRIALS IN BLACK VERTOSOL SOIL AT FOLLY POOL, WESTERN AUSTRALIA (Continued)

Continued over page…

Trial plots.
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WEED CONTROL TRIALS IN BLACK VERTOSOL SOIL AT FOLLY POOL, WESTERN AUSTRALIA (Continued)

As the black plastic weed mat was the most effective in controlling 

weeds and its use was not detrimental to the growth of seedlings 

planted into it, it is proposed to use it on a larger scale on the site, 

subject to some further tests which are underway. The use of black 

plastic is slightly cheaper than the mulch used, and much cheaper 

than the jute mat, even allowing for the cost of its ultimate removal (the 

mulch and jute mat degrade over several years and do not need to be 

removed). The mat should be removed when the plants reach canopy 

closure, as weeds will tend to be suppressed naturally by the increased 

shade of the canopy (Simcock et al 2005). Its removal will also permit 

the recycling of leaf litter into the soil and increase the amount of water 

entering the soil (when the soil is not waterlogged).
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MAIN ROADS WA KANGAROO DETERRENT TRIALS AT NEERABUP IN 2007

Introduction

Main roads WA is committed to revegetating a site at Neerabup in 

2008, as an offset for clearing of nearby land for a freeway extension. 

A large kangaroo population from a nearby national park frequents 

the area, and their grazing of planted seedlings was identifi ed as a 

potential threat to the success of the revegetation. NMCG Inc were 

contracted to conduct trials on a small (4.6 ha) part of the site in 

2007 to test various means of deterring predation by kangaroos 

for implementation on a larger scale in 2008. Although kangaroos 

were seen as posing the main threat by predation, emus and rabbits 

were also present in the area.

Eight different treatments were trialled in 150 m2 unreplicated plots, 

with buffer areas between plots. After initial weed spraying, each 

treatment plot was planted with 100 seedlings. Fortnightly maintenance 

and monitoring visits were to be conducted over 26 weeks to maintain 

the treatments and collect data, but the period was shortened to 16 

weeks due to the high mortality rate of seedlings in all treatment plots 

by that time. No weed control was carried out after planting, though 

some weeds did appear in all plots.

All of the plots were planted with the same numbers of 19 species, 

except for one plot, where the fi ve of the species that were Myrtaceous 

were supplemented by three other Myrtaceous species and the numbers 

adjusted to total 100. This was to test the hypothesis that kangaroos 

avoid Myrtaceous species. Planting was done using an auger, with 

about 7 g of fertiliser applied prior to planting and watering plants in.

The treatments were as follows, with their estimated costs over a three 

year period allowing for replenishment/maintenance as required:

Treatment Details Cost

Control no kangaroo deterrent treatment $0

Exclusion fencing 1.8 m high chain link mesh, 30 m 
x 30 m fence with access gate

$3,800

Myrtaceous species 
only 

$0

Naphthalene 2 tablespoons of naphthalene per 
plant

$5,700

D-Ter animal 
repellant

2 g of D-Ter sprinkled at the base 
of each plant

$6,900

Egg / acrylic paint mix 4 eggs, 100 ml acrylic paint 
and 400 ml water, apply 5 ml per 
plant by syringe to the ground at 
the base of the plant

$7,600

Kangaroo meat 500 g of kangaroo meat in 10 
metal mesh cages distributed 
evenly throughout the plot

$8,200

Tree guards 2 L milk cartons secured around 
each plant with two bamboo 
stakes, to be removed when the 
plant had become too large

$400

Plant survival

Ultimate survival and mortality rates are shown in the table below. In 

general mortality through natural attrition was low in all plots up until 

week 12, but as water stress increased, it rose ultimately to an average 

of 24%, except for the tree guard plot,, where it was 79%, which is 

attributable to overheating of the plants. The tree guard plot was the 

least grazed, while the D-Ter plot was the most grazed.

Continued over page…
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MAIN ROADS WA KANGAROO DETERRENT TRIALS AT NEERABUP IN 2007 (Continued)

Treatment Survival (%)
Mortality 
- natural 

attrition (%)

Mortality 
- predation (%)

Control 14 21 65

Exclusion 
fencing

27 31 42

Myrtaceous 
species

27 26 47

Naphthalene 3 27 70

D-Ter animal 
repellent

4 20 76

Egg / acrylic 
paint

13 24 63

Kangaroo meat 41 19 40

Tree guards 11 79 10

Richness of surviving species was best in the fenced plot, and generally 

poor in the other plots, with mainly Eucalyptus rudis, surviving.

Water stress increased over time across the whole site, showing some 

reprieve in week 6 after good rains over the previous fortnight, and 

regeneration of plants that had been grazed was observed across the 

whole site.

Observations on the various treatments

Control: Most deaths due to predation (50%) occurred in the fi rst 10 

weeks, rising ultimately to 65%. Kangaroo activity was highest in the 

fi rst month after planting.

Exclusion fencing: This treatment had the highest species diversity of 

all treatments with Banksia spp., Hakea spp., Gompholobium 

tomentosum, Allocasuarina fraseriana as well as Eucalyptus spp. 

surviving. The percentage of deaths due to grazing in the fi rst two 

weeks was zero, rising to only 7% after 10 weeks, but ultimately to 

42%. While there was no kangaroo activity, there were signs of rabbit 

activity on all monitoring visits, except in week 12.

Myrtaceous species only: The ultimate 27% survival rate was the 

second highest, identical to that for exclusion fencing. This plot had a 

low number of seedling deaths due to grazing initially, but the mortality 

rate rose from 7% to 25% between weeks 8 and 10. This was also the 

fi rst time rabbit activity was evident in the plot. Ultimately the mortality 

rate from grazing was 47%. Kangaroo activity was medium to high for 

the majority of the trial period, and emu and rabbit activity was also noted.

Naphthalene: At the end of the trial the naphthalene treatment had the 

lowest survival rate of all the treatments (3%). Species richness was 

very low, with the only surviving species being Eucalyptus. The 

naphthalene treatment showed a high rate of mortality from grazing in 

the fi rst monitoring visit (15%) and this continued until the end of the 

trials where 70% of seedlings died from grazing. Kangaroo activity was 

high in the fi rst month after planting and low to medium up until week 

14, when it increased to medium. Rabbit activity was observed on the 

majority of monitoring visits, along with more infrequent emu, corella 

and galah activity.

D-Ter animal repellent: At the end of the trial the D-Ter treatment had 

the second lowest survival rate of all the treatments (4%). Species 

richness was also very low with only Eucalyptus surviving. The D-Ter 

treatment had the highest rate of mortality from grazing throughout the 

trial, typically averaging 10% higher mortality from grazing for each 

monitoring than any other plot. Mortality rates from grazing ranged 

from 16% in the fi rst fortnight to 76% by the end of the trial. Kangaroo 

activity was high in the fi rst month after planting and low to medium / 

medium to high up until week 12, where medium activity was observed 

until the end of the trials. Rabbit activity was observed on the majority 

of monitoring visits and emu activity was observed on two of the visits.

Egg and acrylic paint mix: The fi nal seedling survival rate for the egg 

and paint mix was 13%. The only species ultimately surviving were 

Eucalyptus, mainly Eucalyptus rudis. Mortality from grazing was high in 

the fi rst fortnight after planting (12%) compared to other treatments 

Seedlings continued to die from grazing at a steady rate each fortnight 

(averaging 8 seedlings / fortnight). The overall mortality rate due to 

grazing was 63%. Kangaroo activity varied over the trial period, from 

high through the fi rst month to low / medium until week 10, and then 

medium till the end of the trials. Emus were the other predominant fauna 

at the plot, while rabbit activity was observed on one monitoring visit.

Continued over page…
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MAIN ROADS WA KANGAROO DETERRENT TRIALS AT NEERABUP IN 2007 (Continued)

Kangaroo meat: At the end of the trial, this treatment had the highest 

seedling survival rate, 41%. However species richness was low, with 

the only surviving species being Eucalyptus, mainly Eucalyptus rudis. 

The mortality of seedlings from grazing rose gradually, increasing 

towards the end of the trial where 40% of seedlings died (average 5 

seedlings / fortnight). Kangaroo activity varied over the trial period, 

being high through the fi rst month, and then low / medium until week 

10, where it was medium until the end of the trials. A kangaroo carcass 

was dragged onto site in week 6, and a decrease in kangaroo activity 

was observed. The kangaroo meat treatment was the only one where 

fox activity was observed, and on some visits cages were open and 

the meat was gone. Rabbit activity was frequently observed at this 

site, and on two occasions emu activity was also observed.

Tree guards: At the end of the trial the tree guard plot had a low 

seedling survival rate of 11%. Natural attrition caused the majority of 

deaths in this plot. The seedling mortality from natural attrition was low 

until week 12, but then increased to 34% by week 14. The plants 

suffered from either heat stress or lack of light. No remedial action was 

taken, and a fortnight later the mortality rate had more than doubled, 

to 79%. This natural attrition rate was considerably higher than all the 

other treatment plots. The overall mortality rate attributable to grazing 

was only 10%. Kangaroo activity was high in the fi rst fortnight and 

decreased to low for the majority of the trial. There was no evidence of 

rabbit activity in this plot. Emu activity was evident on two visits.

Plant mortality attributable to natural attrition

Water stress was a major factor contributing to plant mortality by 

natural attrition. The seedlings were planted at the appropriate planting 

time (break of season), to make the most of winter rains. There was 

good rain one month after planting, which reduced water stress across 

the whole site. The mortality rate of seedlings due to natural causes 

began to increase markedly after 12 weeks. Perth rainfall and 

temperature data showed a dry 3 week period with some hot days 

before the week 14 site visit, when the number of seedlings that died 

from natural attrition increased signifi cantly. As water stress and plant 

health are both subjective visual assessments, no correlation can be 

statistically determined, but there appears to be a close relationship 

between increasing water stress and high plant mortality. With the 

water table being 3 to 13 metres below the surface, the seedlings were 

unable to utilise this source of water, and were reliant on rainfall. 

Watering of seedlings in soil with poor moisture retention may be 

necessary to aid survival through the fi rst summer.

While the tree guards appeared to prevent heavy grazing by fauna, the 

results may have been infl uenced by the high number of seedlings that 

died from natural causes, and so do not accurately depict the 

effectiveness of this treatment. The use of the tree guards was 

successful, to an degree. When conditions were good (ie some rain 

and not too hot), they reduced water stress and maintained good plant 

health. The 2 L recycled milk carton tree guards were a new product, 

with the small opening at the top preventing grazing by kangaroos and 

rabbits. However, the cartons were opaque, and had only a few small 

ventilation holes, which, with no rainfall and a few hot days, resulted in 

high mortality. Tree guards normally used around Perth are larger, and 

are of transparent green plastic, which allows diffused light to 

penetrate the sides, and they have more holes for ventilation.

Plant mortality attributable to grazing

The naphthalene, D-Ter and egg / acrylic paint treatments were the least 

effective at deterring kangaroos and other fauna. The fi nal mortality rates 

due to grazing were similar to the control plot, indicating that these 

treatments are ineffective as deterrents.

The Myrtaceous species, particularly Eucalyptus rudis, planted in all 

the sites were the only surviving species that had not been grazed 

(apart from other species in the fenced area). This indicates that planting 

myrtaceous species as a deterrent does work to some extent, although 

it is not entirely effective. The plants were still grazed, possibly by rabbits 

or emus, and planting an entire site with Myrtaceous species would 

reduce species diversity.

While the kangaroo meat treatment had the lowest number of deaths 

attributed to grazing, the close proximity of this plot to the main road 

may have skewed the results, as passing traffi c may have also 

deterred the kangaroos. The fox activity in this site alone is not 

unexpected, as foxes are known scavengers. Replenishment of the 

meat was necessary every fortnight for maximum effectiveness and, 

Continued over page…
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MAIN ROADS WA KANGAROO DETERRENT TRIALS AT NEERABUP IN 2007 (Continued)

on a few of the site visits, it was evident that the fox-proof cages had 

not been fastened properly, allowing foxes to take the meat quite 

easily. In some cases the meat was likely taken by ants and/or other 

carnivorous insects. The kangaroo meat treatment is labour intensive, 

and must be maintained on a regular basis to be effective. It does not 

deter rabbits.

The fenced area showed the lowest number of seedlings dying from 

grazing compared to other treatments (with the exception of the 

kangaroo meat treatment). Rabbits are the most likely cause of 

seedling deaths from grazing in the fenced area. Rabbit activity was 

mainly confi ned to treatments at the southern end of the site (ie D-Ter, 

naphthalene, fencing and roo meat). Signs of rabbit activity were 

continually present in the fenced area from the fi rst monitoring visit, at 

which time only minimal faunal activity was observed in all of the other 

treatment sites. In terms of species richness, fencing was the only 

treatment where a number of different species survived and thrived.

Comparison of treatment costs and effectiveness

The naphthalene, D-Ter and egg / acrylic Paint treatments, though 

relatively cheap, were ineffective at deterring herbivory. 

While the tree guards used in this trial were unsuccessful, the more 

normal green plastic tree guards have been successfully used in other 

revegetation projects to protect seedlings from herbivory and the 

elements. The installed cost of the green plastic tree guards 

(approximately $2.00 each) and ongoing maintenance costs could 

be prohibitive for the larger scale project.

While no treatment produced high survival rates, the kangaroo meat 

treatment produced the best results. However over the long term this 

treatment was the most expensive. There was a need for constant 

replenishment of the meat every fortnight and there would also need to 

be hundreds of metal cages, or much larger cages, made up to cover 

the entire revegetation area, increasing the cost of this treatment. If 

cages were to be used, they would need to be completely secured 

from foxes, not only to maintain effectiveness of the treatment, but 

also to eliminate a direct increase in the fox population of the area. 

The effectiveness of the kangaroo meat as a deterrent for rabbits, 

which frequent the site, was not clearly defi ned.

Fencing was the most expensive treatment in terms of initial cost. 

However, projected over a 3-year period, it was the most cost effi cient 

treatment. Unlike the other treatments, the fence was a one-off purchase, 

requiring no additional expenditures for infi ll plantings or replenishment 

of materials. Additionally, the materials could be re-used elsewhere in 

the future. The fenced area was completely successful at excluding 

kangaroos from the planting site, but, the herbivory by rabbits reduced 

the survival rate substantially. While fencing the site off from kangaroos 

and emus is restricting their habitat in the short term, in the long term 

the area will be better able to be utilised by all fauna.

[The NMCG Report was edited by the RIAWA Webmaster for the website]
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AUSTRALIAN SEEDS THROUGH TIME

Extract from ‘Australian Seeds – A Guide to their Collection, 

Identifi cation and Biology’ by Luke Sweedman and David Merritt

Chapter 2 Australian seeds through time

Stephen D. Hopper, Kingsley W. Dixon and Robert S. Hill

The evolution of seeds was a major step in enabling plants to colonise 

land beyond wetland habitats or their margins. Seeds provided an escape 

from the requirement for free water to ensure sexual reproduction. This 

requirement still applies to present-day mosses, liverworts, ferns and 

fern–allies, and explains why these plants are confi ned to habitats where 

water is prevalent when they reproduce. 

The other advantages of seeds are the protection from desiccation, 

predators and pathogens they afford to the embryo, and the nutrients 

they provide for germination and early growth. With this revolutionary 

reproductive strategy, seed plants have been able to occupy most 

terrestrial landscapes.

The essential precursor to seeds was the transition from plants producing 

spores of the same size (homospory) to producing two sizes – 

megaspores and microspores (heterospory). This occurred around 400 

million years ago in groups such as the horsetails, tassel ferns, spike 

mosses, quillworts, ferns and other groups now extinct. Megaspores 

were precursors to ovules and microspores were precursors to pollen.

By 370-354 Ma (million years ago), fossil megaspores had developed 

an outer protective coating, and had become the fi rst ovules or unfertilised 

seeds. At the same time, pollen was evolving from microspores. The 

latter release fl agellated structures that swim through water to fertilize 

immobile female gametes, whereas pollen produces a tube through 

which male gametes are transferred directly into the ovule. 

The ovules also evolved pollen reception mechanisms, such as hairs, 

funnels and lobes to trap wind-dispersed pollen, and sticky pollination 

droplets borne on tentacle-like projections. The latter characterise cycads, 

conifers and their relatives to this day, whereas fl owering plants have 

an enclosed protective coating with a single pore (the micropyle) to 

provide access to the pollen tube. This has the advantage of extra 

protection from desiccation, predators and pathogens, and enables 

evolution of elaborate seed coats to facilitate dispersal away from the 

mother plant.

At the same time as these revolutionary reproductive innovations were 

evolving, terrestrial plants had also increased their size and stature, 

attaining heights to 35 m. This was a time of remarkably high atmospheric 

CO2 concentrations and therefore high global temperatures. As plants 

evolved ovules and seeds, and increased their biomass as trees, they 

were able to survive and reproduce over many landscapes, mesic and 

arid, and extensive colonisation of the land occurred. This global greening 

of the land caused atmospheric CO2 to plummet, resulting in global 

climatic cooling in the ensuring period. 

Thus, the massive glaciation of the Australian part of the global 

supercontinent Pangea from 320 to 270 million years ago may be directly 

attributable to the effects of the evolution of the seed. For this reason, 

our fl at deeply-weathered continent, the product of unimaginable ancient 

glacial forces, owes its essential character to the humble seed.

The earliest seed plants were pteridosperms (seed ferns) and cordaites. 

Seed ferns had fern-like foliage (but were not closely related to ferns) 

produced on plants ranging from vines to trees. They survived for more 

than 200 million years, overlapping in time with the earliest fl owering 

plants. Cordaites were trees with strap-like leaves similar to today’s 

araucarian conifers. Although prominent in Australian periglacial forests 

together with seed ferns and giant horsetails, cordaites were extinct by 

240 Ma.

Other groups of seed plants, including gymnosperms such as the 

cycads, ginkgoes and conifers, fi rst appeared as fossils about 280 Ma, 

but did not achieve dominance of global vegetation for 80 million years 

until the world became a hothouse at 200 Ma (Fig. 1). 

Continued over page…
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This global warming that melted the glaciers is attributed to widespread 

aridity and increased continentality due to the formation of Pangea, 

which was centred on equatorial latitudes. Massive mountain ranges 

pushed up due to the collision of Gondwana with its northern hemisphere 

counterpart Laurasia are also likely to have increased continentality, 

blocking moisture-laden oceanic winds from penetrating inland, and 

increasing aridity, even at the equator. The earth was inherited by plants 

capable of surviving and reproducing in arid environments. The age of 

seed plants had arrived.

Interestingly, today seed dormancy predominates in arid to semi-arid and 

temperate environments but is not so prevalent in tropical rainforest2,3. 

The move into arid environments thus undoubtedly was facilitated by 

the evolution of dormancy mechanisms among early seed plants.

Physiological dormancy, where the embryo has low growth potential 

and cannot overcome the mechanical constraint of the seed or fruit 

coat, occurs widely among extant seed plants2,3. Less common but 

equally widespread phylogenetically (except for rosids) are morphological 

dormancy and morphophysiological dormancy. Physical dormancy, 

involving the presence of water-impermeable palisade-like layers of 

cells in seed or fruit, has evolved only in select angiosperms, 

especially Malvales.

AUSTRALIAN SEEDS THROUGH TIME (Continued)
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Figure 1. The number of species recorded through time of major 

land plant groups from 450 Ma to the present1. 

Figure 2. Chronogram showing the radiation of fl owering plants 

(angiosperm families) based on large DNA sequence analyses and 

calibrated with fossils of known age. X axis is in millions of years. 

Names of orders are given to the right. Monocot orders near the 

base (Liliales-Alismatales). Eudicots from Ranunculales upwards. 

Note the explosive diversifi cation of families from the mid- to 

late-Cretaceous (100- 65 Ma)4. 

Continued over page…
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Seed plants rule

By the Jurassic (208-144 Ma), the Australian fl ora was dominated by 

seed plants such as araucarian and podocarp conifers, bennettitaleans, 

and cycads, as well as ferns (Fig. 1). Dinosaurs diversifi ed, as did the 

fi rst birds, with likely signifi cant impacts on the disturbance regime 

experienced by plants. Such disturbance continued into the Cretaceous 

(144-65 Ma), which was a period of climatic change in Gondwana to 

warm conditions. Conifer-dominated vegetation was progressively 

replaced by rapidly radiating angiosperms, especially in the latter half 

of this period (Figs 1, 2). 

An excellent example of an angiosperm genus with seeds adapted for 

a disturbance-based ecology is Nothofagus5 (Fig. 3). This genus has 

one of the longest fossil records among fl owering plants, reaching back 

approximately 80 million years to its fi rst appearance somewhere around 

the Antarctic Peninsular and southern South America (at a time when 

this was continuous land). The early fossil record of Nothofagus is 

provided by the very distinctive pollen and later by leaves. However, 

in southeast Australia there is a very good record of fossil cupules that 

bear the very simple fruits (Figs 4, 5). 

CH2001. Fig. Southern Beech (Nothofagus cunninghamii), Tasmania. 

The fossil record of Nothofagus in Australia demonstrates that the genus 

was very diverse here especially around 25-40 Ma. This included all 

four of the extant subgenera (three are shown in fi gs 4A-C and 5A,B,E,F), 

and probably some extinct subgenera as well. Today Australia has just 

three Nothofagus species, in two subgenera. This decline in diversity 

underestimates the true decline in the genus over this time period, 

since at its height Nothofagus must have dominated large tracts of 

vegetation, with its pollen dominating spatially and temporally over 

much of Australia for tens of millions of years.

CH2002 Fig. 4. Cupules of fossil and extant species of Nothofagus 

subgenus Brassospora. In this subgenus, the cupules have two 

woody valves that enclose one or three fruits. A = N. peduncularis 

(Early Oligocene ca 30 Ma, Little Rapid River, Tasmania), B = N. 

cooksoniae (Early Oligocene ca 30 Ma, Little Rapid River, Tasmania), 

C = N. smithtonensis (Early Oligocene ca 30 Ma, Little Rapid River, 

Tasmania). Note that this specimen still has the single fruit present, 

which extends beyond the reduced cupule valves (one arrowed), D = 

N. brassii (extant, New Guinea), E = N. pullei (extant, New Guinea). 

Note that this specimen has a single fruit present between the cupule 

valves, which are less than a third the length of the fruit. The scale 

bar to the left is for all fi gures except D, which has its own scale bar.

CH2003 Fig. 5. Cupules of fossil and living species of Nothofagus 

subgenus Lophozonia (A-D) and Nothofagus (E,F). In these subgenera, 

the cupules usually have four cupule valves enclosing three fruits. 

A. N. glandularis (Late Oligocene-Early Miocene ca 24 Ma, Balfour, 

Tasmania), B. N. glandularis (Early Oligocene ca 30 Ma, Little Rapid 

River, Tasmania), C. N. moorei (extant, northern N.S.W. – southern 

Qld), D. N. cunninghamii (extant, Tasmania, southern Victoria), E,F. 

N. bulbosa (Early Oligocene ca 30 Ma, Little Rapid River, Tasmania). 

The fi rst scale bar is for A-D, the second is for E and F.

The disturbance-based regeneration ecology of fossil Australian 

Nothofagus is supported by two lines of evidence. Firstly, large-scale 

land disturbances may have been much more common in Australia 

when Nothofagus was dominant in the vegetation. Apart from the 

impact of large dinosaurs, geological processes were also active. 

This was the time when Australia was separating from Antarctica and 

the extensive rift valley across southern Australia would have been a 

highly disturbed region. Furthermore, Australia had a much more active 

volcanic history during much of the past 65 million years compared 

with today and some of these volcanoes were very large. 

Secondly, the cupule and fruit morphology of many of the fossil 

Nothofagus in southern Australia (Figs 4,5) were almost identical with 

those produced by species that live today in very disturbance-prone 

areas. It is likely, therefore, that Nothofagus evolved in an area with a 

high rate of natural disturbance and throughout its history this has 

continued to be an important factor in its distribution. The relatively 

recent shift away from high natural disturbances in Australian wet 

forests (excluding fi re) has led to a decline in Nothofagus diversity 

and dominance.

AUSTRALIAN SEEDS THROUGH TIME (Continued)
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There are many Australian fossil seeds whose relationships with living 

species are not as clear as for the Nothofagus fossils (e.g. Fig. 6). This 

signals great opportunities for further research on the evolution of 

Australian seeds.

CH2004. Fig. 6. Fossil seeds from the Early Oligocene (ca 30 Ma) 

Little Rapid River sediments in northwest Tasmania. None of these 

have been identifi ed with certainty, and they are representatives of a 

very diverse seed fl ora at this locality. All scale bars = 1 mm. 

A = LRR1-302, B,C = LRR1-2216, D = LRR1-306, E = LRR1-356, 

F = LRR1-308.

It is clear that seeds have provided a mechanism of fundamental 

importance to plants during major periods of global aridity. The earliest 

seed plants colonised arid lands about 400 Ma and their sheer abundance 

reduced atmospheric CO2 levels so much as to precipitate global cooling 

and the greatest and longest glaciation seen on earth (320-270 Ma). 

Then conifers, cycads and ginkgoes came to dominate the subsequent 

hothouse world. Angiosperms likewise rose to ascendancy over conifers 

during the warming Cretaceous. Most recently in Australia, the onset 

of aridity around 30 Ma and its intensifi cation since 15 Ma has similarly 

seen the proliferation of arid-adapted angiosperms at the expense of 

rainforest taxa.

Selection pressures on Australian seeds

Seeds are produced as part of the reproductive system of plants. A 

familiar experience of many Australian seed collectors is the relatively 

low numbers of seeds produced by some genera such as Banksia, 

Macropidia, Verticordia and Lechenaultia. Often this is due to complex 

genetic systems associated with inbreeding in small populations6, 

especially on the ancient landscapes of southwest Australia7. Careful 

experimentation and observation is needed to resolve the precise causes.

The tremendous variation in seed size, shape and structure evident in 

this book is the product of evolution through a complex and varied 

environmental history. Seed attributes represent a compromise between 

selection pressures for seed development, for seed dispersal and for 

germination and establishment of seedlings8.

Seed development may be so reduced as to be rudimentary, as in 

orchids, or elaborately complex, to ensure against desiccation, 

predation or disease infection. Dispersal by wind, water or animals 

selects for diverse seed architecture and biochemistry. Germination 

requirements do likewise, be they heat, smoke, scarifi cation, vernalization, 

aging or other factors. Seedling establishment brings to bear selection 

for suffi cient resources and hormonal systems to ensure growth.

Arriving on cue! 

Seeds conferred the ability to early Australian land plants to disperse 

an embryo and attendant food stores into habitats depleted of nutrients 

and experiencing sometimes extremes of seasonality in temperature 

and moisture availability. Overcoming nutrient defi ciency in the soils 

was accommodated by ensuring the seed possessed suffi cient 

on-board nutrient resources to sustain the seedling until the young 

plant could resort to de novo uptake and synthesis. In some cases this 

has been taken to the extreme with Australian Proteaceae capable of 

surviving on maternally derived nutrients for the fi rst year and half of 

seedling growth. 

But coping with aridity and high temperatures presented particular 

problems for the seed – ingeniously solved by the adoption of a complex 

array of dormancy release cues in Australian species including 

temperature and external agents such as heat, nitrate and smoke. 

The seeds of terrestrial orchids are unique among plants in linking 

dormancy release to the intervention of a biological agent – in their 

case a specifi c mycorrhizal fungus and for some species in a partnership 

with particular soil bacteria thought to produce growth factors for 

promotion of germination. The biological costs for this level of 

specialisation is indeed high. Orchid seed to be able to locate the 

fungus in the soil has reduced to the smallest seed in the fl owering 

plants (some less than a microgram in weight) to enable production of 

seeds per pollination event in the thousands and even millions. These 

seeds fall into crevices and spaces in the soil profi le and await infection 

by a benefi cial fungus. With seed of such a small size with little or no 

embryonic differentiation has resulted in seed of Australian terrestrial 

orchids being particularly short-lived in nature – months or weeks 

following soil wetting with the opening rains. Without a fungal partner 

these terrestrial orchid seeds rapidly decay and lose viability.

AUSTRALIAN SEEDS THROUGH TIME (Continued)
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The degree of habitat specialisation between seed and biological agents 

has been taken to the extreme in the Western Australian underground 

orchid (Rhizanthella gardneri), where not only is a fungus of a precise 

type required but that germination will only occur if the fungus is in 

association with the root system of a particular and specifi c shrub, the 

broom honey myrtle (Melaleuca uncinata)9. With this level of ‘habitat 

matching’ by the orchid, it is no wonder that the underground orchid is 

also one of Australia’s most endangered orchids! 

Seed size and its evolutionary implications

Seed mass is one of the most important aspects of ecological variation 

among coexisting species. Sizes range from the dust-like seeds of 

orchids weighing a millionth of a gram to the double coconut whose 

seeds can attain 20 kg. 

There are fundamental tradeoffs between producing many small seeds 

each with a low probability of establishment or fewer larger seeds better 

provisioned and able to withstand greater environmental stress once 

germinated10. Seed mass tends to increase in shaded environments 

such as forests, whereas no clear trend applies to nutrient-poor versus 

nutrient-rich environments. Aridity and seed mass similarly exhibit little 

correlation. Indeed, apart from differences due to shade, the major arena 

of variation in seed mass is within habitats usually. 

Predation is another consideration pertinent to seed size variation. 

Intuitively, large seeds would be expected to endure higher predation 

risks, but data acquired for 170 Australian species from arid, subalpine 

and temperate east-coast environments indicated no signifi cant 

relationship between seed mass and survivorship after exposure for 

24 hours to seed. Causes of variation in seed size must lie elsewhere, 

unless the extinction of consumers of large seeds such as giant 

Australian mihirungs (goose-like birds) explains this surprising result.

Other explanations might relate to available sunlight. Under low light 

conditions, for example, small-seeded species etiolate rapidly at the 

expense of root mass, exposing the plant to mechanical breakage and 

fungal attack to maximise the search for light, whereas large-seeded 

species do not grow as fast, and invest more in root systems. Should 

low light persist, large-seeded species have a clear advantage at this 

early stage of the life cycle. Unravelling the selective regimes and 

evolutionary complexity of such patterns remains a challenging task 

for seed biologists. 

Australian seeds have an exciting and as yet poorly explored evolutionary 

history. Seeds represent a revolutionary innovation for global plant life 

in enhancing abilities to survive and reproduce in arid environments. 

Australia, as the most arid vegetated continent, presents signifi cant 

opportunities to discover new and surprising things about seeds. 

In particular, most of the western two-thirds of the continent has 

experienced 270 million years of uninterrupted terrestrial life on 

predominantly old, fl at, weathered, nutrient-defi cient landscapes. 

This has provided conditions for the evolution of seed attributes that 

are globally unusual, especially in the southwest where a pocket of 

oceanically-buffered mesic climate has persisted despite the onset of 

aridity 30 Ma. Such unusual evolutionary conditions have been matched 

perhaps only by those seen in South Africa. As a result, deep dormancy 

syndromes in Western Australian species are among the most complex 

known with more major families with intractable dormancy than other 

similar areas of species richness. Mechanisms for dormancy release 

are equally complex and involve single and combinational dormancy 

cues that are environmental, climatic and/or biological with discoveries 

of new combinations being a regular occurrence. 

Such discoveries are not only of intrinsic interest. They will be of 

enormous applied value as well in horticulture, landcare and restoration 

of disturbed sites. The discovery of smoke as a stimulant for germination 

of large numbers of previously intractable Australian species is a telling 

example11. Its application to Australian plants is barely a decade old. 

Yet smoke has rapidly become an essential part of routine operations 

in Australian nurseries, landcare and minesite restoration. The range of 

Australian seeds illustrated in this volume undoubtedly have other 

stories to tell.
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