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GSM NEWSLETTER no. 4 

16 December 2008 

A REMINDER THAT THE DEADLINE FOR GETTING YOUR RECORD 
SHEETS AND PUPAL CASES TO ANETT IS THE FIRST WEEK OF 

JANUARY. 
(The deadline has slipped from the original one of 31 December  

as Anett will be away then.) 

There are four options for handing in your records and samples: 

1. Deliver them to Anett at Room 51, Level C, Building 3 at UC –
contact her to confirm time and place for delivery before dropping
them off. See campus map on page 3 of this newsletter for the
location of Building 3.

2. Let Anett know that you would like her to pick them up from you.
Those of you who have already been in touch to request a pick up
should contact Anett to arrange this.

3. If you have only record sheets, mail them to her.

4. If you can’t get your records and pupal cases to her by the first
week in January because she is away, contact Sarah Hnatiuk on
hnatiuk1@cyberone.com.au, 6251 2228 or 0424 263 565 for
alternative arrangements. 

Anett’s contact details are: 
(Please note she will not be at UC from 20 December to 3 January.) 

Institute for Applied Ecology, University of Canberra, ACT 2601 
Phone  6201 2937 or 0401 233 801 

Email  Anett.Richter@canberra.edu.au 

Thanks to those of you who have already indicated their preferences for how 
they will get their records to Anett. 

WE WOULD LIKE SOME FEEDBACK FROM YOU ABOUT YOUR 
EXPERIENCES WITH SUN MOTH COUNTING.
Please find attached to this newsletter a questionnaire covering different aspects of 
the sun moth project. It is also attached to this email as a stand alone document. If 
you could find time to fill it in, it would greatly help us improve and refine the 
procedures we have been trialling this season. Please return your questionnaire to 
Sarah at hnatiuk1@cyberone.com.au. 

mailto:hnatiuk1@cyberone.com.au
mailto:Anett.Richter@canberra.edu.au
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And if you have any funny or interesting sun moth counting stories, please 
share them with us. 

SOME COMMENTS ABOUT SUN MOTH COUNTING 
Many people have said when commenting on the progress they are making with their 
counts, that they would appreciate better weather on days when they are available
to go out and count. However, despite the unfavourable conditions, most people 
have completed two moth and pupal case counts. With only two more to do, the
counts should be finished by the end of the year, though it may take longer to get all 
the vegetation surveys done. While quite a number of moths were seen at ACT 
sites in the warm weather in early November, fewer seem to be flying now.

Several people report having seen no moths or pupal cases and are not hopeful of
seeing any. The sites that they are monitoring include Umbagong Park near Kippax, 
Kaleen horse paddocks, the Pinnacle in Hawker, and Campbell near CSIRO’s 
headquarters.  

The horses in the horse paddock present some interesting challenges – there is one 
particularly curious Shetland pony that chews on the bamboo pegs and picks up and 
chews the neatly laid out stakes marking the metre square plots AND he won’t go 
away. Having been given a whack on his backside to encourage his departure, he 
stuck even more tenaciously to the action. 

Ian Clark writes about Gundaroo Common: What I have noted is the lack of 
moths compared with last season. Very few are been flushed out as I walk from
plot to plot and most are males. There have been correspondingly few pupal cases 
not only in the plots but in a general search to try to find some. This is in great 
contrast to the dozens that I found as road kill in previous years. I am, however, able 
to announce that the mossies are the worst for years. 

There is also some good news. Michael Mulvaney has seen quite a number of
moths over a wide area as he roamed through grassy places from the Yarralumla 
Woolshed to the golf course, north and south of the Cotter Road in the Dudley and 
Guilfoyle Street areas, and east of Novar Street, south of Alexandrina Drive.  

A REMINDER ABOUT THE PHOTO COMPETITION. Please send Anett your
photos of moths, people, plants, animals, and anything else that caught your 
attention while sun moth counting.  

PAST NEWSLETTERS ARE NOW ONLINE at
http://aerg.canberra.edu.au/teams/osborne/moth-count/?page_id=28. 

SUN MOTH MONITORING WRAP UP. We are planning a gathering in the early
part of next year for moth counters and other interested people. We would like to let 
you know some of the preliminary results from analysing the data, including the 
feedback you provide us with about the project; discuss ways of improving how we 
do things; and above all thank you for your participation. 

http://aerg.canberra.edu.au/teams/osborne/moth-count/?page_id=28




 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

Feedback Form 
1. Personal information

1.1 Name   _____________________________  1.2 Sex    male  female 

1.3 Age  < 30  30-45 46-60 > 60   1.4 Profession_____________

1.5 Are you a member of … ? 
 Friends of Grasslands 
 Governmental agency 
 University 
 Other community group: ____________________ 
 No membership 

1.6 How did you find out about the Sun Moth Count program? 
 Friends of Grasslands Newsletter 
 Internet 
 Personal communication 
 Public events (e.g. Presentation) 
 Others____________________ 

2. Workshop

2.1 Did you attend a Sun Moth Count workshop? 
 01.11.2008  05.11.2008  08.11.2008  No, I didn’t. 

2.2 If yes, please indicate your opinions about the workshop: 
   ☺ ☺☺

1. I obtained information about identification of the moths and
pupal cases.

2. I learned something about the Golden Sun Moth biology and
ecology and native grasslands in the ACT.

3. I gained an understanding about the importance of this
monitoring program.

4. I gained information about the proposed methods within the
GSM monitoring.

5. I found the information presented interesting, relevant &
understandable.



 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

2.3 How might the workshop be improved? Let us know. 

Did you attend a Sun Moth Count training session? 
 Date 1   Date 2   Date 3  No, I didn’t. 

2.4 Did you attend a Sun Moth Count training session? 
 01.11.2008       08.11.2008      15.11.2008   16.11.2008  No, I didn’t. 

2.5 If yes, please indicate your opinions about the training session: 
   ☺ ☺☺

1. The instructions about the monitoring techniques were clear
and understandable.

2. After the training session I felt confident to conduct the moth
counts.

3. After the training session I felt confident to conduct the
pupal case counts.

4. After the training session I felt confident to conduct the
vegetation survey.

2.6 How might the training sessions be improved? Let us know. 



 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

3. Fieldwork

3.1 Please indicate your experience during the field work: 
   ☺ ☺☺

1. The prepared map was helpful.

2. I set up the permanent plots without problems.

3. At each visit I found the plots again easily.

4. It was simple to count the moths.

5. I found pupal cases without difficulty.

6. The time I needed for establishing the plots was acceptable.

7. The time I needed to determine the vegetation was
acceptable.

8. The time I needed to count the moths (each visit) was
acceptable.

3.2 Comments or suggestions that would improve the field procedure: 

3.3 Please indicate your experience with the recording sheets: 
   ☺ ☺☺

1. Recording sheets for pupal case counts and flying adults
were easy to follow.

2. Recording sheet for vegetation survey was easy to follow.

3. Recording sheet for habitat quality assessment was easy to
follow.

3.4 Comments or suggestions that would improve the recording sheets: 



 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

3.5 Please indicate your experience with the monitoring kit: 
   ☺ ☺☺

1. It was helpful having the monitoring kit.

2. Bamboo sticks worked well in order to permanently mark the 
plots.

3. The provided recording sheets were applicable in the field.

3.6 Comments or suggestions that would improve the monitoring kit: 

4. Website & Online Newsletter

4.1 Please indicate your experiences with the website/online Newsletter: 
   ☺ ☺☺

1. The webpage was easy to find on the internet.

2. The webpage is simple to use.

3. The information on the webpage is helpful.

4. The webpage adequately represents the project.

5. The design of the webpage is appropriate.

6. I have visited the website often.

7. I always felt informed and updated about the project
progress because I received and read the newsletters
circulated via email.

8. I have regularly access to internet.

4.2 Comments or suggestions that would improve the website and online 
communication through Newsletter: 



 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

 = Strongly Disagree  = Disagree  = Neutral ☺ = Agree ☺☺ = Strongly Agree 

5. Further involvements

5.1 Please indicate your interest in the future: 
   ☺ ☺☺

1. I would like to be involved in the GSM project in the future.

2. I feel that I have significantly contributed to the conservation
of an endangered insect species and natural temperate
grassland conservation.

3. I really enjoyed the Golden Sun Moth monitoring.

4. In kind help was accessible and available throughout the
project.

5.2 General comments or suggestions for further project improvements: 

5.3 I have had experience with conservation and protection of endangered 
species in the past. 

 Yes 
 No 

5.4 It was the first time I had heard about the endangered Golden Sun Moth. 
 Yes 
 No 

5.5 It was my first time volunteering in environmental conservation. 
 Yes 
 No 

5.6 Would you like to be notified about the Sun Moth Count program in the 
future? 

 Yes 
 No 

We highly appreciated your contribution to this study. Thank you very much. Please send form to: 

Anett.Richter@canberra.edu.au or ring me (0401233801) to pick it up. 

mailto:Anett.Richter@canberra.edu.au
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GSM NEWSLETTER no. 5 

13 January 2009 

THE FINAL EVENT FOR THIS SEASON’S SUN MOTH COUNT IS A WRAP-UP of 
the project, to be held on Saturday, 14 February at CSIRO’s Discovery Centre, 
Clunies Ross Street, Black Mountain, from 2pm – 4.45pm.  

We would like to: 
• let you know some of the preliminary results from analysing the data, including

the feedback you have provided us with about the project;
• discuss with you ways of improving how we do things; and
• above all thank you for your participation.

Please invite friends, family and anyone else who you think might be interested. 
Afternoon tea will be provided. For catering purposes, please let Sarah know if you 
are coming: phone 6251 2228 or email sarah.hnatiuk@fog.org.au. 

HAVE YOU GIVEN YOUR RECORD SHEETS AND PUPAL CASES TO ANETT? 

If not, please get in touch with her NOW to arrange when to bring them to her 
or for her to pick them up from you  

DO YOU NEED HELP WITH YOUR VEGETATION SURVEY? 

Contact Anett by phone  6201 2937 or 0401 233 801 or 
email Anett.Richter@canberra.edu.au 

ALSO A REMINDER TO FILL IN THE FEEDBACK FORM if you haven ‘t already 
done so and return it to sarah.hnatiuk@fog.org.au. It is attached to the email sent 
with this newsletter.  

AND PLEASE SEND YOUR PHOTOS FOR THE PHOTO COMPETITION TO 
ANETT: your photos of moths, people, plants, animals, and anything else that caught 
your attention while sun moth counting. The award for the best photo, a copy of 
Butterflies of Australia, will be presented at the Wrap Up afternoon. 

INFORMATION ABOUT THE SUN MOTH COUNT PROJECT is available: 
• at the website: http://aerg.canberra.edu.au/teams/osborne/moth-count/; and
• in a poster prepared by Anett for display at the current Snakes Alive exhibition at

the Botanic Gardens, not included with this newsletter as it is large (1,213KB). Let
Sarah know if you would like it and she will forward it to you
(sarah.hnatiuk@fog.org.au)

Photos by Anett Richter 
Newsletter compiled by S. Hnatiuk 

mailto:Anett.Richter@canberra.edu.au
http://aerg.canberra.edu.au/teams/osborne/moth-count/
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GSM NEWSLETTER no. 6 

23 February 2009 

CASH FOR YOU!  Friends of Grasslands have received a grant from the Federal 
Government’s Volunteer Grants Program that helps volunteers with some of the 
expenses incurred when volunteering. We are therefore able to provide some money 
to those of you who have not yet received any to cover some of the costs of traveling 
by car (or motor bike) to and from Golden Sun Moth events. If you would like to make 
a claim, please let me know (hnatiuk1@cyberone.com.au). For payment to be made 
to you, I need the details that will enable us to make an electronic transfer to your 
account (account name, BSB and account number) or postal address to send you a 
cheque. We’d prefer to pay you by electronic transfer. 

GOLDEN SUN MOTH PROJECT FOR CLEAN UP AUSTRALIA DAY 

We have registered with the Clean Up Australia Day campaign to clean up the 
rubbish that has blown into a sun moth grassland from surrounding building 
sites in Franklin and Harrison.  

When:    Sunday, 1 March from 10am – 12 noon 

Where    Grassland in the south east corner of Franklin . Access from Flemington 
Road (NOT Sandford Road as indicated in the Clean Up Australia Day’s web site). 
Look on the west side of the road between Lysaght Street and Nullabor Avenue for 
Anett’s blue Holden station wagon with balloons attached.  

What to bring and wear:   Gardening gloves, long pants, sturdy shoes, hat and 
something to drink – FOG will provide some goodies for morning tea at 10am.  

Check before you come to the clean up:  Log on to our page on Clean Up 
Australia Day’s website at http://events.cleanup.org.au/?fog to check on any change 
to the arrangements. You can get into the page with user name fog, password FOG. 
Or contact Anett Richter on 0401 233 801. 

COPIES OF GRASSLAND FLORA AVAILABLE FOR MOTH COUNTERS. 
Mary Appleby and Rod Pietsch have offered a copy of Grassland Flora: A Field 
Guide for the Southern Tablelands to each sun moth counter. The flora is a great 
book for helping you to become familiar with the local flora. If you would like one, 
please let me know (hnatiuk1@cyberone.com.au) and give me your postal address. 
And very many thanks to Mary, Rod and the Golden Sun Moth research project of 
the NSW Department of Environment and Climate Change for their support. 

http://events.cleanup.org.au/?fog
mailto:hnatiuk1@cyberone.com.au


WRAP-UP WORKSHOP, 14 FEBRUARY 2009 
About 30 people attended the workshop at CSIRO’s Discovery Centre. Anett 
provided an overview of the preliminary results from her analysis of the data we 
collected. More details are in her power point presentation that is being sent out with 
the same email as this newsletter.  

Anett’s presentation was followed by a discussion among the people present about 
their experiences with the project and their suggestions for improving our approach in 
future monitoring. Some of the issues raised included:  
• Why are we collecting the data? How will it be used?
• The length of time required to carry out the vegetation survey and the detail of the

data to be collected.  Many suggestions were made for improving the vegetation
survey. For example, would photos of plots be useful? Could details of fewer
plant species be recorded?

• The timing of data collection. Should there be a minimum time between moth and
pupal case counts? Is it alright to spread the vegetation survey out over as long
as six weeks?

• How were sites selected for monitoring?
• Are 12 plots enough to assess the presence of moths?

Anett addressed some of these points in her presentation when she outlined the 
Coordinating Group’s thoughts on future monitoring. She also noted that the ACT 
Government is most interested in the outcome of our project and is seeking funding 
so that it can be continued in future. 

We also heard from Ted Edwards about the discovery in the ACT this summer of a 
very small population of a sun moth species new to this area. Synemon collecta is 
known from sites in Queensland, NSW and Victoria and, unlike the Golden Sun 
Moth, is not an endangered species. He described its appearance and reassured us 
that we are unlikely to mix it up with the Golden Sun Moth when monitoring as it is 
extremely rare in the ACT. 

Compiled by S. Hnatiuk 
Photos by A. Richter 
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GSM NEWSLETTER no. 7 

10 November 2009 

UPDATE ON GOLDEN SUN MOTH MONITORING IN THE ACT AND 
REGION. As some of you have been asking about what is happening with 
Golden Sun Moth monitoring, we (the GSM Coordinating Group of Anett 
Richter, Geoff Robertson, Will Osborne and Sarah Hnatiuk) thought we would 
provide you with this brief update. 

REPORT ON LAST SUMMER’S MONITORING. A 53-page report on the 
results of the monitoring is in the final stages of production for WWF which 
funded the project. The report covers: 

• The recruitment and training of volunteers, and an assessment,
including a self assessment, of their efforts,

• The methods used in the survey,
• What was learnt about the ecology of the moth,
• Recommendations for further monitoring, and
• Recommendations for improved management of sites where the moth

occurs hat will assist in the moth’s conservation.

We will send a pdf copy of the report to all the volunteers who contributed to 
the survey. We also plan to produce hard copies. Please let Sarah 
(hnatiuk1@cyberone.com.au) know if you would like a hard copy as 
soon as possible and no later than Friday, 20 November, and provide 
her with your postal address. 

FUTURE GOLDEN SUN MOTH MONITORING 
Will GSM monitoring continue? The results of last season’s monitoring 
produced valuable results. The ACT Government in particular sees them as 
providing information that is useful in advancing understanding of the moth’s 
distribution, biology and management. It would welcome continued GSM 
monitoring and is interested in being involved in planning with Friends of 
Grasslands for this to happen. In addition, many of last season’s volunteers 
have indicated that they would like to monitor again. 
New procedures. You may remember from Anett’s presentation at the ‘Wrap 
Up’ session held last February that our experience with the monitoring 
procedures used had convinced us that they should be modified, including 
making part of the process simpler.  We have started discussing the details of 
the new procedures with relevant experts but progress has been hampered by 
the absence overseas of a number of the more significant people we would 
like to consult. As a result we are sadly not ready to trial the new procedures 
for the start of this season’s GSM flying. However … 

mailto:hnatiuk1@cyberone.com.au


We would be delighted if you would let us know of any sightings of GSM 
(and failures to sight GSM) you make this summer. Send any 
information to Sarah (hnatiuk1@cyberone.com.au; 6251 2228; 0424 263 
565; or 13 Ellis Place, Cook, ACT 2614). Any information you accumulate 
would be welcome, either from the same sites as you visited last year or from 
grasslands, or parts of large grasslands, you have not visited before. In 
contrast to what you did last year, we would encourage you to wander far and 
wide.  

If you feel particularly energetic and enthusiastic, you might make four visits 
over the next four weeks and record: 

• date;
• start and finish times of visit;
• location - a map/Google image showing area covered would be very

helpful in the case of large grasslands;
• numbers of moths seen in 20 minutes walking (0, 1-5, 6-20, 21-50, 51-

100, >100);
• if moths are not evenly distributed across the site, where the greatest

concentrations are;
• comments on vegetation - if you are able (is wallaby grass or Chilean

needle grass present? Is the area grazed, mowed? Are there
intertussock spaces);

• any threats to GSM; and
• any other comments you  would like to make.

Any information will be gratefully received. 

MOTHS ARE ALREADY FLYING!! Will Osborne reports that he saw six GSM 
flying today in Latham. 

Compiled by S. Hnatiuk 
Photos by A. Richter 
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GSM NEWSLETTER no. 8 

27 November 2009 

HAVE YOU SEEN ANY GOLDEN SUN MOTHS 
FLYING? 

From all reports, it is a bumper year for Golden Sun Moths and a chance 
to observe how widespread and numerous they are. 

PLEASE KEEP YOUR OBSERVATIONS COMING IN TO 
ME, HOWEVER SMALL THEY MAY SEEM. 

Sarah Hnatiuk (hnatiuk1@cyberone.com.au, 
6251 2228, or 13 Ellis Place, Cook, ACT 2614 

Here are some of the reports we have received from the most recent back 
to the first ones from 9 November. You can see how numbers are building! 

25/11/09 from Julian Robinson. ‘There are 'lots' at the park bounded by Ebden, 
Herbert, Duffy and Hassall Sts in Ainslie. Also many in small patches, mostly the 
unmown footpaths, in Cowper St between Limestone and Bonney/Foveaux St.  … 
While I was on the footpath of … Cowper I saw two moths get skittled by cars, and 
one eaten by a Yellow-rumped Thornbill.’ 

20 November 2009 from Murray Evans. ‘I was out at the airport yesterday with 
Alison Rowell doing sun moth counts and there were thousands at one area (large 
grassland SE of runways). Alison believes this is the largest population in the ACT. 
We frequently counted in excess of 200 moths per 100 m walked ... Lots of females, 
mating and females scurrying through the grass with trains of 3 or 4 males following. 
And yes, it was hot. The moths were flying early - peak was about 10.30 - 11.30, with 
noticeably less moths flying by about 12.30.  This is a bumper year and new 
sightings are turning up in roundabouts, median strips and leases over much of the 
central/northern ACT.’ 

19 November 2009 from Will Osborne. ‘I was at Woden property (Jerrabomberra 
West) today … and did some sun moth counts... Temperature was 38 o C there were 
sun moths … over the entire paddock as I stayed on for two hours and did a 
comparison of walking around slowly with stopping to do ten half minute circle counts 
…  walking is a great way to see how widely distributed the moths are and would 
provide information on area of occupation at a site. Lots of pupal cases sticking out of 
the ground as well.’ 

mailto:hnatiuk1@cyberone.com.au


‘I have also continued my weekly counts at Dudley St and York Park and there are 
very large numbers flying there now.’ 

9 November from Alison Rowell. ‘There were ‘a few flying at Dudley Street ... Also 
a female on the median strip on the eastern extension of Sydney Avenue in Barton.’ 
And from Will Osborne: ‘6 moths flying in Latham’. 

SO WHAT IS HAPPENING IN YOUR NECK OF THE 
WOODS?  

HOW ABOUT RETURNING TO THE SITE YOU 
MONITORED LAST YEAR AND SEE WHAT IS 

HAPPENING THERE.  

OR GO SOMEWHERE NEW. 

THERE MAY EVEN BE MOTHS WHERE NONE WHERE 
FOUND BEFORE. 

Compiled by S. Hnatiuk 
Photos by A. Richter 
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A comparative study of habitats of the Golden Sun Moth Synemon
plana Walker (Lepidoptera: Castniidae): implications for restoration

C. O'Dwyer*, P.M. Attiwill

School of Botany, University of Melbourne Parkville, Victoria 3052, Australia

Received 23 July 1998; received in revised form 28 October 1998; accepted 16 November 1998

Abstract

The Golden Sun Moth (Synemon plana) is currently known from about 10±12 sites in the Australian Capital Territory, 5±6 sites
in Victoria and 1 site in New South Wales. It is listed as endangered and is protected in these states. Soils and vegetation of sites
inhabited by S. plana and of two historical locations were compared. The habitat of S. plana is native grassland dominated by

Austrodanthonia spp., in particular A. carphoides, A. auriculata, A. setacea, and A. eriantha. The percentage cover of Aus-
trodanthonia spp. at currently inhabited sites was greater than 40%. Soils were variable, ranging from sands and clays to loams. The
pH of the soils was slightly acidic to basic but concentration of available P at inhabited sites was always less than 14 mg gÿ1. At the

historical sites concentrations of available P were greater than 14 mg gÿ1 and were associated with weeds that have a competitive
advantage over Austrodanthonia spp. and hence reduced the habitat occupied by S. plana. Lolium perenne (perennial ryegrass), an
exotic species introduced for agriculture is common in many areas occupied by A. eriantha. A pot experiment was established to

determine the e�ects of added phosphorus on competition between A. eriantha and L. perenne. The application of phosphate did
not a�ect growth of A. eriantha but increased the growth of L. perenne. The growth of A. eriantha decreased when grown with L.
perenne and it is hypothesised that allelochemicals exuded by the roots of L. perenne decreased the rate of uptake of P and N by the

roots of A. eriantha. # 1999 Elsevier Science Ltd. All rights reserved.

Keywords: Synemon plana; Austrodanthonia eriantha; Restoration; Moths; Habitat; Phosphorus; Soil chemistry

1. Introduction

The Golden Sun Moth (Synemon plana Walker),
endemic to Australia, is a small brightly coloured diur-
nal moth (family Castniidae, order Lepidoptera). At the
time of European settlement, S. plana was widespread in
southeastern Australia and relatively continuous
throughout its range, showing a close correlation with
the distribution of native grasslands dominated by Aus-
trodanthonia spp. (Edwards, 1993; formerly Danthonia
DC: Linder, 1997). Historical records show that S.
plana was found as far north as Winburndale near
Bathurst and the Yass Plains in New South Wales
(NSW) (Edwards, 1991). S. plana once inhabited vast
areas of central Victoria from Bright in the east to Nhill
in the west, through to Bordertown in South Australia

(Fig. 1). It also occupied large areas of the Australian
Capital Territory (ACT) (Edwards, 1991). Con-
currently, native grasslands covered about a third of
Victoria (Groves, 1979). Today these grasslands occupy
less than 0.5% of their original range, persisting as
small remnants along railway lines, on road verges, and
in cemeteries (Kirkpatrick, 1993). Fragmentation of the
grassland habitat dominated by Austrodanthonia spp.
has resulted in S. plana becoming restricted in its range
(Falconer, 1991). In 1994 S. plana was known from ten
sites in the ACT, 5 sites in Victoria and 1 site in NSW
(Fig. 1). The decline of S. plana is largely caused by the
loss of suitable food plants. The widespread replace-
ment of native vegetation with pasture plants and
changes in vegetation due to ploughing, wetland drai-
nage, the addition of agricultural chemicals, ®re and
grazing regimes and urbanisation have resulted in the
decline of native grasslands and the loss of their asso-
ciated invertebrate fauna. S. plana is now classi®ed as
endangered and protected under the Flora and Fauna
Guarantee Act, 1988, Victoria, the Threatened Species
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Conservation Act, 1995, NSW and the Nature Con-
servation Act, 1980 ACT.
There is little information about the biology, ecology

and, in particular, the habitat requirements of S. plana.
Common and Edwards (1981) described the life history
of S. magni®ca Strand and the life history of S. plana is
probably similar (E.D. Edwards, pers. comm. 1996).
The aim of this study is to analyse the vegetation, cli-
mate and soil of sites currently inhabited by S. plana
and of historical sites (sites previously but not currently
inhabited by S. plana). The data will then de®ne com-
mon properties that make currently inhabited sites sui-
table for S. plana. Comparison of data between
currently inhabited and historical sites will identify
changes that make the historical sites no longer suitable
for S. plana. The data are then used in an investigation
of the e�ects of changed soil conditions in modi®ed
grasslands on the growth of Austrodanthonia spp. in
competition with weed species.

2. Methods

2.1. Study sites in the Australian capital territory

Eight sites in the ACT were visited during September
1995 (Table 1). All of the sites were around the urban
areas of Canberra. Areas within each site where S. plana
had previously been observed (E.D. Edwards, CSIRO
Division of Entomology, Canberra. pers. comm.) were
studied.

2.2. Study sites in Victoria

Six sites (four current, and two historical sites of S.
plana) were investigated within Victoria (Table 1).
Whilst the management regimes on many of these sites
do not speci®cally preserve the grasslands, many of the
sites have been given reserve status, placing restrictions
on the use of the land.

Fig. 1. Distribution of Synemon plana prior to European settlement (O) based on historical records (Department of Conservation and Environment,

1991; Edwards, 1991) and current distribution (&).
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2.3. Floristics

The percentage cover of all plant species was recorded
using the Braun/Blanquet cover abundance scores loca-
ted within 5 (1� 1 m) quadrats within a 10� 10 m plot
on each site. Plant taxonomy follows that of Willis
(1972) and Walsh and Entwistle (1995, 1996).

2.4. Bioclimatic prediction system

BIOCLIM (Nix, 1986; Busby, 1991) is a model that
produces a climatic pro®le for a given site. Latitude,
longitude and elevation for all the sites were sent to the
Centre for Resource and Environment Studies (CRES),
Australian National University, Canberra. From these
data, 35 climatic variables (representing annual and
seasonal means) were calculated. These variables were
then used in BIOCLIM to de®ne a climatic pro®le for

S. plana. All the grid points falling within the climatic
pro®le of S. plana were extracted, giving a predicted
distribution of S. plana.

2.5. Soils

Soil pro®les were described to a depth of 50 cm and
were classi®ed according to Northcote (1979). Four soil
core samples (0±10 cm) were collected from each site
around the perimeter of the 10 m quadrat and bulked
together into one sample. This was replicated three
times. The soils were air-dried and sieved to <2 mm.
Soil particles >2 mm (gravel) were weighed and the
percentage of gravel in the sample calculated. The soil
fraction <2 mm was analysed for available phosphorus,
extracted using Bray and Kurtz No. 2 solution (0.1 M
HCl+0.03 M NH4F; Bray and Kurtz, 1945) and
measured by automated colorimetry (Technicon, 1977).

Table 1

Location of sites currently inhabited by Synemon plana and of historical sites no longer inhabited by S. plana

Site name Location Comments

Currently inhabited sites, Australian Capital Territory

Army Firing Range Majura Rd, Canberra,

Lat 35� 16' 59" Long 149� 13' 12"
A large site located along the front of the entrance and extending into the

range.

CSIROa Limestone Avenue, Canberra,

Lat 35� 16' 37" Long 149� 8' 42"
A small site in front of the main building adjacent to a main road.

Department of Defence Campbell Park O�ces, Canberra,

Lat 35� 16' 59" Long 149� 10' 16"
Opposite car park. Site is adjacent to private grazing properties, but it itself is

protected from public access and grazing. An open site with a high percentage

cover of bare ground.

Didams Parkland Didams Rd, Canberra,

Lat 35� 13' 59" Long 149� 04' 08"
A recreational parkland on the banks of Lake Gundaroo. The site is small (40

� 50 m).

Dudley Street Dudley Street, Canberra,

Lat 35� 18' 54" Long 149� 05' 35"
A small roadside verge on the northern side of Dudley street.

Maiden Street Maiden Street, Canberra,

Lat 35� 18' Long 149� 05' 53"
A small grassland site on the banks of Lake Burley Gri�n. Oak trees boarded

the site.

Mulligans Flat Gundaroo Rd, ACT

Lat 35� 02' 22" Long 149� 15' 06"
Mulligans Flat is a nature reserve which extends from the ACT and across the

NSW boarder. A private sheep grazing property abuts the site on the ACT

side.

York Park Sydney Ave, Barton. ACT,

Lat 35� 18' 40" Long 149� 07' 59"
The site is bounded by National Circuit near Parliament House. The popu-

lation of Synemon plana at York Park has been extensively studied and is

thought to be the largest known population.

Currently inhabited sites, Victoria

Dunkeld Woodhouse Rd, Dunkeld,

Lat 37� 41' 50" Long 142� 21' 36"
A private sheep grazing property. S. plana was ®rst found in 1995 (Dear,

1996). Native grassland areas are not fertilised.

Mount Piper Je�eries lane, Broadford,

Lat 37� 12' 07" Long 145� 00' 36"
A small conical peak 230 m above an undulating plain of private grazing

properties (Ashton, 1976). It is an educational reserve managed by Parks

Victoria. It is protected under the Flora and Fauna Guarantee Act as `But-

ter¯y Community No.1'.

Salisbury 1 Western Highway, Salisbury,

Lat 36� 21' 57" Long 141� 46' 08"
A bushland reserve approximately 500 � 500 m in area. The Highway, dirt

road and private properties bound the reserve.

Salisbury 2 Western Highway, Salisbury,

Lat 36� 21' 47" Long 141� 46' 15"
The two Salisbury sites are located 100 m apart, separated by a large patch of

Avena barbarta.

Historical sites, Victoria

Flowerdale Flowerdale/Whittlesea road,

Lat 37� 19' 40" Long 145� 17' 53"
A population of S. plana was last recorded here in 1938 (Department of

Natural Resources and Environment, 1995).

Tallarook Hume Highway, Tallarook,

Lat 37� 06' 03" Long 145� 06' 07"
The site is a roadside verge located 1 km north of Tallarook. A population of

S. plana was last recorded here in 1993 (Douglas, 1993) but has not been

observed since. Private properties border the site.

a CSIROÐCommonwealth Scienti®c Industry Resource Organisation.
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Soils were digested on preheated blocks (Technicon
BD-40 Block-digester: 340�C for 4 h) with 2 ml
H2SO4+Se (Bremner, 1960; Schuman et al., 1973) and
analysed by Technicon Auto Analyser (Technicon,
1977) to determine the concentration of total nitrogen
(N). Oxidisable organic carbon was determined using
the Walkley-Black method (soil <1 mm; Walkley, 1947)
and the size distribution of particles (<2 mm) in soil
samples was determined using the pipet method (Gee
and Bauder, 1986). The concentration of exchangeable
cations was determined by leaching ammonium acetate
(pH 7) through a 20 cm column containing 2 g air-dried
soil + 4 g acid washed sand and analysing the extract
by atomic absorption spectrophotometry. The soil/sand
sample was washed with ethanol and 200 ml of 2 mol
lÿ1 KCl was leached through the sample. The extract
was collected and the NH4

+ eluted was analysed (Tech-
nicon, 1977), to determine the cation exchange capacity
(CEC) of the soil sample. Soil pH was measured in dis-
tilled water (1:5 soil/water ratio) after stirring for 1 h
(Jackson, 1962).

2.6. Pot experiment

From the results of the studies described above, it was
clear that an increase in weed cover and a consequential
decrease in cover of Austrodanthonia spp. was asso-
ciated with an increase in available P in the soil. A pot
experiment was therefore established to determine the
e�ects of added P on competition between Austro-
danthonia eriantha and Lolium perenne, an exotic species
present in large quantities at Mount Piper. L. perenne
was introduced into Australia in the late 1850s (Cun-
ningham et al., 1994) and is one of the most widely
sown species of grass in Australia. L. perenne is com-
mon in areas inhabited by A. eriantha, prefers similar
conditions and has the same photosynthetic pathway
(C3) as Austrodanthonia spp.
Seeds of D. eriantha and L. perenne were collected

from Mount Piper, Broadford and stored in paper bags
in the dark at 25�C. Seeds were dusted with fungicide
(Thirum) and germinated on 2 layers of Whatman No.
41 ®lter paper in 9 cm Petri dishes with 5 ml of distilled
water. In preliminary germination trials, L. perenne
germinated within 3 days at 26�C, whilst A. eriantha
germinated in 7 days at 15�C. Hence the preparation of
seed lots was staggered so that all seeds germinated
simultaneously. Seedlings were transplanted when they
reached a height of 3 mm and potted 5 cm apart in 15
cm diameter pots ®lled with sieved surface soil (0±5 cm)
collected from the ®eld site at Mount Piper. Compac-
tion of soil in the pots was reduced by mixing 300 g of
soil with 700 g of a commercial sand mix in each pot.
Prior to transplanting seedlings, the soil was kept moist
to induce germination of buried seeds. Seedlings other
than those transplanted were removed as they emerged.

Pots were placed outside and covered with aviary mesh.
The positions of the pots were alternated each week
using randomly generated numbers.
Phosphorus was applied in 5� 100 ml applications to

give a total application equivalent to superphosphate at
125 and 500 kg haÿ1, as a solution of NaH2PO4.2H20.
The ®rst 4 applications were made at fortnightly inter-
vals after transplanting and the ®nal application was
given 2 months before harvest. Nitrogen was applied in
excess in a 2:1 ratio (N:P) as a solution of NaNO3 +
NH4NO3. 100 ml of solution was applied evenly to each
pot to minimise leaching, to ensure that the soil was
saturated and that the nutrients were distributed evenly
throughout the pot.
Four seedlings were planted in pots in the following

combinations: (1) Four seedlings of A. eriantha; (2) Two
seedlings of A. eriantha and two seedlings of L. perenne;
and (3) Four seedlings of L. perenne. Phosphorus treat-
ments were P0 (control)Ð0 kg haÿ1; P1Ð125 kg haÿ1;
P2Ð500 kg haÿ1. There were 5 replicates of each treat-
ment and each planting, totalling 45 pots. The plants were
harvested after 8 months, and the following indices were
measured: tiller number per plant, dry weight of shoots/
plant, dry weight of ¯owering stems/plant and dry weight
of roots/plant. Plant material was oven-dried at 80�C and
®nely ground. A subsample was digested in concentrated
H2HO4 + H2O2 and heated for 4 h at 320�C. The con-
centrations of P and N were determined colorimetrically
using an Auto Analyser (Technicon, 1977).

2.7. Data analysis

Vegetation data were summarised using ordination
methods to determine variations in the species composi-
tions among samples. Distance matrices were produced
using the Bray-Curtis coe�cient of dissimilarity. Non-
metric multidimensional scaling (NMDS) ordination
was produced using the computer package DECODA
(Kruskal, 1964; Minchin, 1989). Soil data were tested
for normality and homogeneity of variance prior to
statistical analysis by ANOVA. Data were transformed
logarithmically where necessary. A t-test was used to
compare the means after the analysis of variance and
signi®cance was determined at the p < 0:05 level. The
statistical package STATSVIEW was used to test for
signi®cant di�erences.

3. Results

3.1. Floristics

Five species of Austrodanthonia spp. were identi®ed:
A. carphoides, A. eriantha, A. auriculata, A. setacea and
A. racemosa. A. carphoides and A. auriculata dominated
all the sites in the ACT. A. setacea was dominant at the
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Salisbury sites, whilst A. auriculata, A. carphoides and
A. racemosa were present in small populations at Mount
Piper intermixed in the dense cover of A. eriantha.
The percentage cover of Austrodanthonia spp. at all

the sites inhabited by S. plana was greater than 40%.
However, the average cover by Austrodanthonia spp. at
the Department of Defence, Dunkeld, Mount Piper and
Salisbury was between 50 and 75% and in some areas
within these sites the cover of Austrodanthonia spp. was
90%. Hypochoeris radicata (Asteraceae), a common
weed of disturbed areas, was present at all but two sites,
with a cover of 5±25%. The cover of other speciesÐ
mainly annual grasses such as Vulpia bromoides, V.
ciliata, V. fasiculata, V. muralis, Briza minor, B. maxima
and Aira elegansÐwas between 1 and 5%. The number
of species at all the sites was less than 20 and no other
plant was common.
The site at Flowerdale was open woodland dominated

by Eucalyptus spp., Acacia pycnantha and Exocarpus
cupressiformis, with an understorey of grasses domi-
nated by Anthoxanthum odoratum (70% cover). The
Tallarook site contained mainly introduced species,
particularly Holcus lanatus (40% cover), Plantago lan-
ceolota (30% cover) and Rumex acetosella (4% cover).
Acacia pycnantha, A. paradoxa, Hibbertia raparia and
Grevillea alpina dominated the shrubby overstorey. Less
than 1% cover of Austrodanthonia spp. was recorded in
the quadrats at both Tallarook and Flowerdale. The
percentage cover of weeds at Tallarook (85%) and
Flowerdale (54%) was greater than at all the other sites.
All the sites were ¯oristically di�erent from one

another. The vegetation at Mount Piper was similar to
Mulligans Flat, and York Park was similar to Dudley
Street and Didams Parkland (Fig. 2). Tallarook and

Flowerdale, the historical sites, are ¯oristically dissim-
ilar from all the other sites and from one another
(p < 0:005; Fig. 2). The percentage cover of weeds was
negatively correlated with the percentage cover by Austro-
danthonia spp. The data were best described by a linear
function (y � ÿ1:16x� 61:70; R2 � 0:74; p < 0:05).

3.2. Climate

BIOCLIM predicted that the distribution of S. plana
is limited to south-eastern Australia, particularly
throughout the northern area of the ACT and central
Victoria (Fig. 3).

3.3. Soils

The soils ranged from sandy loams to clays, with pH
between 5.3 and 7 (Table 2). Concentration of nitrogen,
carbon, exchangeable cations and cation exchange
capacity ranged similarly over all the sites, both current
and historical (Table 2). The only soil property to di�er
markedly between the current sites and the historical
sites was the concentration of available phosphorus
(Fig. 4). Concentrations of available P at the historical
locations (29.4±35.9 mg gÿ1) were signi®cantly greater
that those at all the current locations (range 5.6±13.1 mg
gÿ1, Fig. 4).

3.4. Pot experiment

Dry weight of both roots and shoots of A. eriantha at
8 months was less (up to 700% less) when grown with
L. perenne under all three treatments of P relative to
A. eriantha grown on its own [p < 0:05; Fig. 5(a)]. The

Fig. 2. Non-metric multidimensional scaling ordination of vegetation from Synemon plana sites. The location of each point indicates the degree of

di�erence in plant species composition, the most di�erent pairs of samples are those that are furthest apart in the ordination The Tallarook and

Flowerdale sites are no longer inhabited by S. plana. Army Firing Range, ACT (R), CSIRO Headquarters, ACT (C), Department of Defence, ACT

(A), Didums Parkland, ACT (D), Dudley Street, ACT (d), Dunkeld, Vic. (G), Flowerdale, Vic. (F), Maiden Street, ACT (m), Mount Piper, Vic. (P),

Mulligans Flat, ACT (M), Salisbury 1, Vic. (S), Salisbury 2, Vic (s), Tallarook, Vic. (T), York Park, ACT (Y).
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addition of P had no signi®cant e�ect on dry weight of
shoots and roots of A. eriantha grown on its own or
together with L. perenne. However, P additions sig-
ni®cantly increased the dry weight of shoots of L. perenne,
particularly when grown with A. eriantha [p < 0:05;
Fig. 5(a)]. The addition of P had no signi®cant e�ect on
the number of tillers/plant produced by A. eriantha and
L. perenne. However, the number of tillers/plant was
signi®cantly less when A. eriantha was grown with L.

perenne than when grown on its own (3.3 tillers/plant
compared with 15 tillers/plant; p < 0:05).
Adding P had no signi®cant e�ect (p > 0:05) on the

dry weight of ¯owering stems produced by A. eriantha
grown on its own. However, the dry weight of ¯owering
stems of A. eriantha grown with L. perenne was sig-
ni®cantly less (less than 0.001 g/plant compared with
0.057 g/plant; p < 0:05), and many plants of A. eriantha
did not produce ¯owering stems. The dry weight of

Fig. 3. Bioclimatic predictions of the distribution of Synemon plana based on the weather parameters of 14 sites inhabited by S. plana. Darker solid

areas represent range limits. Information obtained from the Centre for Resource and Environmental Studies, Australian National University,

Canberra.

Table 2

Soil properties at sites currently inhabited by Synemon plana and at historical sites where S. plana was previously, but is now no longer, observed

Property Current sitesÐrange (mean±standard error) Historical sites (mean�standard error)

ACT Victoria Flowerdale Tallarook

Nitrogen, mg gÿ1 887�65±1840�381 1042�106±2435�422 1558�232 931�182

Carbon, % 1.29�0.06±4.35�0.24 1.53�0.25±4.12�0.48 3.34�0.22 1.79�0.38

C/N 9.7±18.5 10.7±12.8 16.1 14.5

Calcium, cmol (1=2Ca2+) kgÿ1 2.7�0.3±9.5�0.7 0.8�0.3±9.2�2.3 1.3�0.1 1.9�0.5

Magnesium, cmol (1=2Mg2+) kgÿ1 0.9�0.1±2.4�0.1 0.3�0.2±1.7�0.3 1.0�0.1 2.1�0.4

Potassium, cmol (K+) kgÿ1 0.3�0.1±0.6�0.1 0.2�0.1±0.8�0.1 0.3�0.1 0.2�0.1

Sodium, cmol (Na+) kgÿ1 0.0�0.0±0.1�0.1 0.0�0.0±0.3�0.1 0.0�0.0 0.1�0.0

Cation exchange capacity, cmol

(p+) kgÿ1
9.4�4.9±21.2�4.8 10.4�1.2±15.1�4.2 9.1�2.9 10.7�1.4

pH 5.7�0.04±7.0�0.04 5.3�0.03±5.9�0.06 5.3�0.07 5.6�0.11

Soil type Sandy loam - clay Sandy loam - silt loam Sandy clay loam Sandy clay loam

Sand % 9�1±69�3 21�2±75�4 70�1 54�1

Silt % 10�0±45�3 10�2±50�1 11�1 13�1

Clay % 20�3±63�4 15�2±28�1 19�1 33�2
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¯orets produced by L. perenne was 4- and 50-fold
greater in P1 and P2 respectively compared with P0

(p < 0:05). There was no signi®cant variation in the dry
weight of ¯owering stems of L. perenne grown on its
own or with A. eriantha (p > 0:05).
The concentration of P in shoots of A. eriantha was

signi®cantly greater than that of L. perenne at P0 and P1

[p < 0:05; Fig. 5(b)]. There was no signi®cant variation
in the concentration of P in roots of A. eriantha grown
on its own in all treatments of P relative to the control
(P0), and between the concentration of P in roots of L.
perenne [p > 0:05; Fig. 5(b)]. The concentration of P in
shoots of L. perenne treated with P1 was 50% greater,
and a further 100% greater when treated with P2 com-
pared with the control [p < 0:05; Fig. 5(b)]. However
the concentration of P in the shoots and roots of A.
eriantha was 40 and 50% less when grown with L. per-
enne [p < 0:05; Fig. 5(b)]. There was no signi®cant var-
iation in the concentration of P in roots and shoots of
L. perenne grown on its own or with A. eriantha.
There was no signi®cant di�erence between the con-

centration of N in roots and shoots of L. perenne grown
on its own or with A. eriantha in any treatment
[p > 0:05; Fig. 5(c)]. However the concentration of N in
the shoots of A. eriantha grown on its own was 50%
greater than that of L. perenne grown on its own, and 60
to 70% greater than that of A. eriantha grown with L.
perenne [p < 0:05; Fig 5(c)]. The concentration of N in
the roots of A. eriantha when grown with L. perenne was

20 and 50% less relative to that of A. eriantha grown on
its own [p < 0:05; Fig. 5(c)].

4. Discussion

S. plana inhabits native grasslands found throughout
southeastern Australia, which have greater than 40%
cover of species in the genus Austrodanthonia. These
grasslands are found on soils that are low in phosphorus
(Fig. 4). Other soil properties were similar between cur-
rently inhabited sites and historical sites (Table 2).
Likewise the climatic data from the historical locations
fell within the range of the other sites (Fig. 3) and it can
be concluded that climate is not limiting the distribution
of S. plana or the distribution of Austrodanthonia spp.
at these sites. It is probable that the density of Aus-
trodanthonia spp. and the concentration of available
phosphorus (P) are limiting the distribution of S. plana.
The e�ects of fertilisers on soil fauna within Australian

soils are not clear, varying with species and life-cycle,
and with type and amount of fertiliser used. It is not
known whether high concentrations of P (>14 mg gÿ1)
a�ect S. plana directly by having a toxic e�ect on the
soil-borne larva. However, the addition of P increased
the competitive ability of L. perenne, thereby decreasing
the habitat and food source for S. plana (Fig. 5). A
decline in host plant abundance ultimately leads to a
decline in the dependent invertebrate fauna. Weeds alter

Fig. 4. The concentration of phosphorus (P) in soil samples collected from Synemon plana habitats. At each site soils from a depth of 5 cm were

collected from 4 random locations and then bulked. Sites with the same letter are not signi®cantly di�erent from one another (p > 0:05).
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Fig. 5. (a) Mean dry weight (g plantÿ1) of roots (&) and shoots (&) of Austrodanthonia eriantha and Lolium perenne grown on their own or together

under three rates of phosphorus: P0 (no phosphorus added); P1 (phosphorus applied at the rate of 125 kg haÿ1); and P2 (phosporus applied at the

rate of 500 kg haÿ1). (b) The concentration of phosphorus in roots (&) and shoots (&) of A. eriantha and L. perenne grown on their own or together

under P0, P1 and P2. (c) The concentration of nitrogen in the roots (&) and shoots (&) of A. eriantha and L. perenne grown on their own and

together under three rates of phosphorus: P0, P1 and P2. Nitrogen was given in excess. The percentage over dry weight of shoots, roots, nitrogen and

phosphorus was determined from 5 replicates each with four plants after 8 months growth. Histograms with the same letter are not signi®cantly

di�erent from one another, p > 0:05.
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the microenvironment and out-compete native ¯ora for
space, light and nutrients and hence cause the decline of
native plants (Panetta and Groves, 1990).
An increase in soil fertility will also have direct e�ects

on soil invertebrates if concentrations are toxic, or
alternatively other components of the soil may be a�ec-
ted. The application of superphosphate increases soil
acidity, which in turn can alter the water status and
osmotic potential of the soil (see Morris, 1927; Huhta et
al., 1967, 1969; Marshall, 1977). Changes in osmosis can
cause irreversible dehydration or excessive uptake of
water resulting in body rupture, particularly of larvae
and other soft-bodied animals (Viglierchio et al., 1969).
Under wet conditions, phosphates which contain cal-
cium sulphates can be reduced to hydrogen sulphide
(Alexander, 1977) which in turn may bind to the hae-
moglobin in an irreversible process similar to carbon
monoxide and hydrogen cyanide poisoning (Doeksen,
1967). Alternatively, impurities in fertilisers may be
directly absorbed through the bodies of soft animals
(Carallero and Ravera, 1966).
The addition of fertilisers may indirectly cause a

decline in invertebrate numbers due to changes within
the host plant (Dale, 1988). Not only is the physiology
of the plant altered but increased soil fertility may a�ect
the plant's morphology and phenology (Dale, 1988).
These changes alter the suitability of a plant as a host
for certain insects. Potassium fertilisers cause a reduc-
tion of amino acids and reducing sugars in the sap,
a�ecting sap-sucking insects (Chaboussou, 1972 cited in
Dale, 1988). In addition, the sclerenchyma layer and
silica content of the cells increase (Vaithilingham, 1972
cited in Dale, 1988). Phosphate fertilisers increase pro-
tein metabolism and auxin production whilst nitrogen-
ous fertilisers make plants more succulent by increasing
tissue softness and water content, and can also delay
¯owering and seed formation (Marshall, 1977).
In the ®eld study, the percentage cover of weeds

increased and the percentage cover by Austrodanthonia
spp. decreased, with increasing concentrations of avail-
able P. The pot experiment showed that whilst the con-
centration of P in the soil did not inhibit or enhance the
growth of A. eriantha when grown on its own [Fig. 5(a)],
the presence of L. perenne reduced the rate of growth
and concentration of both N and P [Figs. 5(b) and (c)]
of A. eriantha under all rates of P. The concentration of
available P in the experimental soil from Mount Piper
was 13.1 mg gÿ1 and was greater than the concentration
of available P in all the other soils collected from sites
inhabited by S. plana. However, the concentration of
available P at Mount Piper is less than that in most
agricultural soils. Considering that the growth of L.
perenne at P0 was less than the growth of L. perenne in
P1 and P2 [Fig. 5(a)], the growth of L. perenne may be
further reduced when growing in soils with a concentra-
tion of available P less than 13.1 mg gÿ1. A. eriantha may

therefore outcompete L. perenne under these conditions.
The rate of uptake of P by A. eriantha did not alter with
increasing concentrations of P, but P uptake by L. per-
enne increased [Fig. 5(b)]. Under ®eld conditions the
application of superphosphate therefore enhances the
competitive advantage of L. perenne, and the local
extinction of S. plana at the historical locations is
probably due to the decline of Austrodanthonia spp.
caused by an increase in available P, and a consequent
increase in vigour of weed species.
Numerous studies have examined the allelopathic

e�ects of Lolium sp. on associated plants (see Naqvi,
1972; Naqvi and Muller, 1975; Newman and Rovira,
1975; Newman and Miller, 1977; Prestidge et al., 1992;
Wardle et al., 1992). Newman and Rovira (1975) found
that leachate collected from soil under L. perenne
inhibited the growth of Holcus lanatus, Hypochoeris
radicata, and Rumex acetosa, and Wardle et al. (1992)
found that L. perenne inhibited the growth of Carduus
nutans and concluded that it was probably due to an
allelopathic e�ect. Naqvi (1972) found that Lolium
multi¯orum suppressed germination and growth of
many plant species and Naqvi and Muller (1975) found
that leachate from soil occupied by L. multi¯orum was
toxic to Avena sp., Bromus sp., and Trifolium sp. Root
exudates from one plant can in¯uence the rate of P
uptake by another plant (Robinson, 1972; Newman and
Miller, 1977). It is possible that the reduced rate of
uptake of P and N by A. eriantha and its reduced
growth rate when grown with L. perenne (Fig. 5) may be
due to root exudates produced by L. perenne.
Predictions about the habitat and habitat require-

ments of S. plana are necessary for the development of a
conservation strategy or action plan. To restore the
habitat of S. plana the cover by Austrodanthonia spp.
must be increased to greater than 40%, weeds must be
reduced and the concentration of P must be low (>14
mg gÿ1; Fig. 4). In the process of restoration, weed
control will be a major part of successful restoration of
S. plana habitat. Whilst it is not known whether con-
centrations of available P greater than 14 mg gÿ1 are
toxic to S. plana, it may be necessary to reduce the
concentrations of available P in reclaimed agricultural
soils. Reducing soil fertility has been successful in Eng-
land using various methods such as cropping areas with
wheat, burning and by adding nitrogen (see Marrs,
1985; Marrs and Gough, 1989).
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1. Background
1.1 The project 

This Maintenance Plan has been prepared for the Department of Finance and 
Deregulation (Finance). The intent of this Maintenance Plan is to provide a 
framework for ongoing best-practice management of the ecological values 
associated with development and use of Blocks 3 and 7 Section 22 Barton, in 
the ACT.

PB has prepared a Master Plan for Block 3, which is proposed to be partially 
developed. The Master Plan identifies an area of Block 3 for ongoing 
conservation of the Natural Temperate Grasslands. This Maintenance Plan will 
integrate with the Master Plan in providing a framework for maintenance of the 
conservation area and an area of Natural Temperate Grasslands on the 
adjoining Block 7. 

The south-eastern portion of Block 3 and the eastern portion of Block 7 contain a 
population of Golden Sun Moth (Synemon plana), in about 0.5 ha of Natural 
Temperate Grasslands, dominated by species of Wallaby Grasses 
(Austrodanthonia) (ACT Government 1997, 1998, 2005).

The Golden Sun Moth (GSM) is listed as Critically Endangered under the 
Commonwealth Environment Protection and Biodiversity Conservation Act 1999, 
and Endangered under the ACT Nature Conservation Act 1980. Natural 
Temperate Grassland of the Southern Tablelands of NSW and the Australian 
Capital Territory is listed as an endangered community under the EPBC Act 
1999 and the Nature Conservation Act 1980. 

It is these values for which this Maintenance Plan intends to conserve. 

1.2 Aim of the Maintenance Plan 
The intent of this Maintenance Plan is to conserve native plant diversity while 
maintaining the structure and species composition thought to be favourable to 
the survival of the Golden Sun Moth. This involves retaining a high proportion of 
Wallaby Grasses (Austrodanthonia species) in a relatively low grassland with 
areas of bare ground between tussocks. This will be achieved through biomass 
management and control of exotic species, with monitoring of plant diversity, 
vegetation structure and the GSM population to gauge the success of the 
Maintenance Plan. 

1.3 History of the site 
Nearby remnant woodland (Capital Hill, West Block) shows that the subject site 
was near the boundary between woodland and grassland communities, as 
mapped in the ACT Lowland Native Grassland Conservation Strategy (ACT 
Government 2005, Figure 2.2).
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When the Federal Capital Territory was created in 1911, the area around the 
subject site appears to have been open grazing land with few trees. In the 
1920s, the Provisional Parliament House and some of the associated roads were 
built. A 1933 map shows that the subject site was then part of a larger 
undeveloped area bounded by National Circuit, State Circle, Kings Avenue and 
Canberra Avenue (Marshall 2007). At this time, the nearest building was the 
Methodist Church diagonally opposite. The subject site would have been 
connected to other grassland or native pasture until fairly recently, with 
surrounding blocks and roads being developed from the 1970s onwards. 

The north-western part of Block 3 appears to have received fill during the 
construction of surrounding buildings, and is now dominated by exotic species. 
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2. Environmental values of the site
2.1 Natural Temperate Grassland 

The Natural Temperate Grassland community in the ACT is found between 560 
and 1200 metres altitude in valleys and broad plains. The dominant cover is 
native tussock grasses, with forbs such as daisies, lilies and native legumes in 
the inter-tussock spaces. It is estimated that approximately 5% of the original 
area of the community in the ACT survives in moderate to good condition (ESSS 
2000).

The grassland on the subject site has been given a Botanical Significance Rating 
of 4 (Low), and a Conservation Rating of 2 (Complementary Conservation Site). 
The Conservation Rating reflects that the subject site has only a low to moderate 
Botanical Significance, but contains a population of a threatened species that is 
considered to be viable in the medium term (ACT Government 2005). 

Since 1992, the Natural Temperate Grassland on the subject site has been part 
of a long-term grassland monitoring program being undertaken by Environment 
ACT, and the vegetation quality in Block 3 has been previously been assessed 
and mapped (Davis & Hogg 1992, ERM 2005, Rowell 2007). Appendix A
contains a summary of plant species recorded on the subject site over this 
period. These data are not strictly comparable from year to year, having been 
collected by a variety of methods. However, the list shows trends such as the 
apparent loss of some native species and the recent arrival of some undesirable 
exotic species. 

2.2 Golden Sun Moth Synemon plana 

2.2.1 Distribution 

Prior to European settlement the species was widespread in native grasslands in 
south-eastern Australia, from near Bathurst in New South Wales through the 
Australian Capital Territory and Victoria to Bordertown in South Australia 
(Edwards 1993, 1994). This distribution was correlated with grasslands 
dominated by low-growing Wallaby Grasses (Austrodanthonia species), and has 
contracted substantially over time (O’Dwyer and Attiwill 1999). The species is 
now only found in a few relatively small breeding areas due to habitat loss, 
fragmentation and degradation. Possibly less than one percent of the original 
habitat now remains, much of it degraded by weed invasion (Clarke & O’Dwyer 
1997, O’Dwyer & Attiwill 1999, ACT Government 2005).

2.2.2 Description and life history 

The GSM is a medium sized day-flying moth in the family Castniidae. The male 
has a wingspan of about 34 mm, the female slightly less. The upper forewings of 
both are grey/brown with paler patterns. The male has dark brown upper hind-
wings, and in the female these are bright yellow/orange edged with black spots. 
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GSM larvae feed on the underground parts of Wallaby Grasses (Edwards 1993, 
O’Dwyer & Attiwill 1999), and may sometimes feed on other native and 
introduced grasses (Braby & Dunford 2006). Larval development time (and thus 
generation time) is unknown and may vary between one and three years. 

The adults live for only one to four days after emerging during spring, and do not 
feed as they have no functional mouth parts. In the middle of the day when 
conditions are sunny and warm, males patrol the grassland in search of the 
females, which have reduced hind-wings and are poor fliers. The starting date 
and duration of the flight season vary from year to year, probably depending on 
spring weather conditions, with the season starting earlier in a warm dry spring 
(Cook & Edwards 1993). The limited flight ability of the female moths adds to the 
species’ vulnerability to extinction on small sites, and makes natural re-
colonisation from other sites unlikely. 

2.2.3 The subject site 

The subject site, although small, has received a Moderate Conservation Value 
rating, increased because of the previous scientific work undertaken (ACT 
Government 1998). Clarke (1998), also considered that the subject site 
warranted special attention due to its ‘high profile and considerable research 
focus in past years’. 

The area of the GSM habitat is about 5,600m², and the population has been 
intensively surveyed in the past. The previous studies include four mark-release-
recapture surveys, producing estimates of population size (Cook & Edwards 
1993 and 1994, Edwards 1994, Harwood et al. 1995, and Rowell 2007), and 
genetic analysis of the population (Clarke & O’Dwyer 1998). Provisional 
management recommendations were prepared for the subject site (Frawley 
1995, Edwards 1995). These included rehabilitation of the vegetation by 
translocation of soil and grassland plants from a nearby area which was being 
developed (Davis and Hogg 1992, Harwood et al. 1995). Appendix B contains a 
summary of the GSM population studies to date. 

2.2.4 Canberra Raspy Cricket Cooraboorama canberrae 

Active burrows of the uncommon Canberra Raspy Cricket Cooraboorama 
canberrae are scattered across the subject site. This is a large wingless cricket, 
known only from relatively undisturbed grasslands in the lower parts of the 
Majura, Jerrabomberra and Molonglo valleys, and a small number of other 
locations in the ACT and nearby NSW (Queanbeyan-Bungendore). Much of its 
known habitat has been lost to housing in the ACT, and it is vulnerable to habitat 
fragmentation because it is flightless. It makes distinctive vertical burrows with a 
round cross-section, a clay and silk cap and a circle of bare soil around the 
entrance. The endangered Grassland Earless Dragon is known to generally use 
the abandoned burrows of this species as shelter sites. Information about this 
animal could be included in interpretative signage on the subject site. 
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3. Maintenance requirements
3.1 Weed management 

Weeds are recognised as one of the most significant threats to biodiversity in the 
ACT. They displace native species, reduce habitat quality, modify vegetation 
structure and alter ecological functions (Draft ACT Weeds Strategy 2007-2017).

Figure 3-1 maps those areas of the subject site that have more than 50% native 
dominated vegetation and 50% weed cover. The NTG corresponds with the best 
GSM habitat, and chemical weed control in this area should be undertaken with 
caution and sparingly, as the effect of herbicides on GSM are unknown. 

Several weeds of concern on the subject site are perennial grasses. These 
include exotic species and also two native species which have been planted on 
the subject site. These are Kangaroo Grass (Themeda triandra) and Poa 
Tussock (Poa labillardieri). Neither species is ideal GSM habitat, and they should 
be prevented from spreading beyond the original areas of planting (refer to 
Figure 3-1).

The weedy area at the southern end of the subject site results from attempted 
translocation of soil and native grasses from an area which was developed 
nearby. Other weed patches have developed where trees have been removed 
from the subject site, and where trees around the boundary shade the grassland. 

If weed management is to be undertaking during the GSM flying period, 
generally late October to late December, this should be completed preferably in 
the morning hours. It is highly undesirable that any management practices be 
undertaken after 13:00 hours. 

3.1.1 Objectives 

The objectives of weed management are summarised in Table 3-1. They 
include:

eradication – no plants of the target species remain on subject site

suppression – reduce density of weeds within infested area and prevent
infestation from spreading

containment – define the boundary of existing infestation and prevent spread
beyond that line.

3.1.2 Procedures 

Table 3-2 summarises control methods and timing for weed species of concern. 
This table is indicative only, and timing can be varied to suit seasonal conditions 
or based on local experience. Triggers for weed management are discussed in 
Section 4.
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the subject site should be visited to treat weeds and assess the
effectiveness of previous control in spring, summer and autumn. Attention
should be paid to the plants listed Table 3-1

a record should be kept of methods, area / numbers and species of weeds
treated

3.1.3 Herbicide use 

The following are key directions relating to the use of herbicides: 

operators/contractors should have significant prior experience (minimum of
two years) in selective weed management in Natural Temperate Grassland,
and demonstrated expertise in the identification and successful treatment of
the key weed species

the appropriate herbicide registered for use on particular species, the
methods and rates of application, licensing requirements etc should be
checked annually with ACT Territory and Municipal Services

residual herbicides should not be used

treatments should be timed to maximise results, i.e. prior to seeds forming
and during active growth phases

risks to non-target species should be minimised by avoiding the spread of
herbicides on footwear and equipment, using spray hoods and shields,
spraying under appropriate weather conditions etc.

woody weeds should be treated by the cut-and-paint method, and regrowth
should be spot-sprayed. Roots should not be dug out, to avoid unnecessary
soil disturbance

the effectiveness of all herbicide spraying should be monitored the following
month, and follow-up spraying carried out if required.

3.1.4 Other methods 

Hand-pulling
Small infestations of some weeds can be removed by hand-pulling after rain 
when the soil is soft. This ensures that all parts of the plant are removed. This 
method is suitable for small St John’s Wort and Paterson’s Curse plants (but not 
larger ones) and can be carried out during site inspections or monitoring visits. 

Targeted slashing 
Wild Oats can be slashed before the seed heads form. The plants often grow 
earlier and taller than surrounding native species, in response to soil moisture. 
The infestation of Wild Oats on the slight slope at the south end of the subject 
site should be treated by high slashing (e.g. with a brushcutter / line trimmer) as 
required, and the slashed material removed. 

If some Paterson’s Curse plants have begun to flower when spraying of rosettes 
is taking place, these flower stems also can be slashed and removed from the 
subject site. 
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Removal of mulch 
The deciduous trees around the boundary cause drifts of dead leaves to build up 
on parts of the subject site at times. This mulch is likely to alter soil moisture, pH 
and nutrients in ways that will favour the growth of weeds. The problem is most 
noticeable near the oak trees on National Circuit. The leaves should be removed 
annually by careful raking. 
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Figure 3-1 Vegetation associations 
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Table 3-1 Main plant species posing threat to Natural Temperate Grassland and/or Golden Sun Moth habitat 

Species Common name Weed of National 
Significance 

Declared Pest Plant in 
the ACT* 

Aim of management  

Exotic species
Avena sp. Wild Oats Suppression
Dactylis glomeratum Cocksfoot Suppression
Echium plantagineum Paterson’s Curse yes Eradication
Eragrostis curvula African Lovegrass yes Not present, requires vigilance 
Festuca elatior Tall Fescue Suppression
Hypericum perforatum St John’s Wort yes Eradication
Nassella neesiana Chilean Needlegrass yes yes Eradication
Nassella trichotoma Serrated Tussock yes yes Eradication
Paspalum dilatatum Paspalum Suppression
Phalaris aquatica Phalaris Eradication
Plantago lanceolata Ribbed Plantain Suppression
Native species
Poa labillardieri Poa Tussock Containment to planted area 
Themeda triandra Kangaroo Grass Containment to planted area 

*Pest Plants and Animals Declaration 2005.
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Table 3-2 Summary of weed control methods and timing 

Species Jan Feb  Mar Apr  May  Jun  Jul  Aug  Sep  Oct Nov Dec

Wild Oats ---Slash and remove stems----

Cocksfoot Slash and remove stems 
---spot spray n/s or g/s-- 

Paterson’s Curse ----spot spray rosettes------ 
Hand cut and 

remove
seeding stems 

African Lovegrass ------spot spray-------              ---------------------spot spray-------------------- 
Tall Fescue Slash and remove stems 

---------------------spot spray-------------------- 
St John’s Wort hand-pull small plants after rain         hand-pull small plants after rain------------- 

spot spray bl/s or n/s----  
Chilean 
Needlegrass 

------------------------------------------------spot spray---------------------- ------------------------------------------------------

Serrated Tussock -------spot spray---------            ---------------------spot spray-------------------- 
Paspalum ---------------------spot spray-------------------- 

Phalaris Slash and remove stems 
---------------------spot spray--------- 

Ribbed Plantain --------------------spot spray-----------------------   --------------------spot spray--------------------- 

n/s = non-selective herbicide 

g/s = grass-selective herbicide 

bl/s = broadleaf-selective herbicide 
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3.2 Biomass management 
In the absence of native grazers, biomass removal (defoliation) at appropriate levels and 
times is beneficial to many grasslands. It maintains an open structure, which enables native 
plants to flower and set seed, and allows their seedlings to become established. On the 
subject site, there is the additional requirement of maintaining a moderate proportion of 
Wallaby Grasses in the sward as food plants for GSM, and retaining open spaces between 
tussocks for basking and mating. 

The subject site has been managed by slashing for many years. The population estimate for 
GSM last year suggested that this regime has favoured GSM, and the 2007 baseline 
vegetation composition data from the 20 m x 20 m quadrant can be used as a guide to 
appropriate proportions of bare ground and grasses (Rowell 2007). This will vary from year 
to year with variations in temperature and rainfall (refer to Section 4).

Slashing on the subject site should observe the following guidelines: 

sward not to be cut lower than 8 cm, using a flail mower to mulch and spread litter and
reduce windrows. Any patches of mulched material should be removed from the subject
site. The blade set height of the flail mower should be 12 cm, ensuring sward is not cut
lower than 8 cm in height

machinery not to be used when the ground is wet, to avoid soil compaction and damage
to the soil crust

machinery to be washed down before entering the subject site, to remove soil and
seeds. The least weedy part of the subject site should be mown first, then the margins,
and the weedier areas last, to avoid spreading weed seeds

slashing to be carried out annually in August-September, before the emergence of adult
GSM. This will help maintain the low open grassland favoured by GSM. In parts of the
subject site dominated by tall weeds (e.g. Wild Oats), the slashed material should be
removed (by raking or use of a grass-catcher) rather than left in windrows

slashing to be repeated in February if necessary (average vegetation height >15 cm –
Note: average vegetation height is the bulk of the vegetative material, not just the seed
head).

3.3 Other management prescriptions 

3.3.1 Record keeping 

A diary of management actions and any other relevant occurrences should be kept. This can 
be in the form of notes in the work program and management checklist (refer to Table 3-3).

3.3.2 Memorandum of understanding 

There are several key stakeholders that must be represented in the Memoranda of 
Understanding. These are: 

Lessor

interest in ongoing use of Block 3 Section 22
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Lessee (NCA)

role as the land manager 

ACT Government (Transport and Municipal Services)

management of road network and verges that adjoin Block 3 Section 22 

ACT Government (ACT Planning and Land Authority)

Consent Authority for development on the adjoining Block 7 

ACT Government (Wildlife Research and Monitoring)

role in reviewing the ongoing maintenance of the conservation area 

The Memoranda should include agreement about activities such as construction, 
maintenance, landscaping, shading, irrigation and drainage which may affect Block 3 
Section 22, and specifically the conservation area. Any proposal to extend or increase the 
height of the buildings on Block 7 (Territory land) should consider the potential impact on the 
Natural Temperate Grasslands and GSM. 

3.3.3 Construction phase 

The subject site should be protected from damage during the construction phase. It should 
be securely fenced, with signs on all fences stating that it is an environmentally sensitive 
site. There should be no vehicle or pedestrian access to the western part of Block 3 through 
the subject site, no dumping and no parking of vehicles or storage of machinery or materials. 
No trenching for pipes or cables should be allowed to cross the subject site. These 
restrictions should be noted in the works program. 

3.3.4 Rehabilitation 

No soil should be brought onto the subject site. Areas bared through control of large areas of 
weeds, or inadvertently damaged, should be rehabilitated using weed-free seed or thatch 
collected from the subject site. This should not include Kangaroo Grass or Poa Tussock. 

3.3.5 Adjacent vegetation 

The deciduous trees on the boundary of the subject site have degraded the adjacent 
grassland, as well as providing perches and nest sites for birds that feed on GSM. The size 
and location of any trees or landscape features on the western portion of Block 3 should be 
such that their shadow does not extend beyond the shadow of the buildings, as proposed in 
the Master Plan. 

The landscaping should be designed to have low impact on the grassland. Specifically, it 
should have low irrigation and fertiliser needs, and not be a significant source of mulch or 
seeds. Non-local native grassland species should not be included in adjacent landscaping. 

The use of pesticides on adjacent vegetation is undesirable, given the presence of rare / 
endangered insect species on the subject site. 

PB 2111501A_PR1357AJ Page 12



Natural Temperate Grassland Maintenance Plan 
Block 3 Section 22 Barton, ACT 

3.3.6 Drainage 

Development on the western portion of Block 3 should not cause any increase in drainage 
onto the subject site. Similarly, repair or replacement of the footpaths on National Circuit and 
Sydney Avenue should not increase drainage onto the subject site. 

3.3.7 Fencing, signs and paths 

Interpretive signs should be placed on the boundary of the subject site. Fencing and signs 
should not cast a significant shadow, nor provide perches for birds. There should be no 
paths, landscaping, seating or other structures within the conservation area. Pedestrian 
access from the western boundary or opportunities to be used as a thoroughfare should also 
be prevented. If a new fence is constructed, associated materials and vehicles should be 
kept off-site as far as practicable during construction. 

Spot cleaning of the fencing and signage should be undertaken as necessary with products 
that pose limited risk of impacting on the Natural Temperate Grasslands and the Golden Sun 
Moth.

3.3.8 Site access 

Access to the conservation area should be restricted to tasks essential for the ongoing 
maintenance tasks, as detailed in this Maintenance Plan. All personnel accessing the 
conservation area must be appropriately inducted. 

Induction information 
It is anticipated that there will be varying levels of induction, dependent on the role of the 
personnel to the conservation area. These groups of personnel include: 

construction and development workers during the construction phases

require a direct induction

facility management and associated site contractor personnel for the ongoing
management of completed development

require a direct induction

all building occupants

awareness information should be made available to this personnel group.

The intent of this information is to identify with the inductees the strategic importance of this 
conservation area, and ensure a level of awareness for those working on Block 3 (during 
construction and for the ongoing management). This information includes, and can be 
specifically tailored for the different levels of induction: 

the subject site contains a population of the critically endangered Golden Sun Moth
(GSM), whose survival relies on the protection of its Natural Temperate Grassland
habitat

although the GSM is only noticeable when the adults fly in a few weeks in spring, it is
present as eggs, larvae and pupae in the soil throughout the year
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access to the subject site should only be for activities related to its study or
maintenance, and should take place according to the restrictions prescribed in Sections
3 and 4 of the Maintenance Plan.

Conservation and education-related visits 
As the subject site is sensitive, very small and can be viewed from all sides, educational 
visits by school and university classes should be restricted to viewing of GSM and their 
habitat from the edge of the subject site. 

The potential need for referral and approval under the EPBC Act should be considered for 
any conservation activities that are not specifically nominated in this Maintenance Plan, and 
that the planning of such activities should first involve consultation with ACT Wildlife 
Research and Monitoring.

A Permit to Take should also be sought for all actions which interfere with the GSM, 
including physical handling, trapping, etc.. This includes the mark / recapture survey as 
detailed in this Maintenance Plan.

Activities should be planned to minimise foot traffic and site disturbance, and should 
especially avoid disturbing egg-laying females. This can be achieved by minimising activities 
on the subject site after 13:00 hours during the flying period, which may take between late 
October and late December. 
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Table 3-3 Work program and management record 

Activity Spring Summer Autumn Winter Reporting

Weed
management

Slash and remove early 
flowering stems of  Oats, 
Cocksfoot, Fescue, 
Phalaris

Cut-and-paint woody 
weeds

Hand-pull small St John’s 
Wort after rain 

Follow-up treatments 

Follow-up treatments 

Remove aerial parts 
Paterson’s Curse 

Spot spray perennial 
grasses, Plantain 

Hand-pull small St 
John’s Wort after rain

Spot-spray Plantain 
and Chilean 
Needlegrass

Cut-and-paint woody 
weeds

Spot-spray
Paterson’s Curse and 
Chilean Needlegrass 

Provide weed
management record to 
DEWHA, NCA and ACT 
government biennially 

Weed
monitoring

Assess success of 
management

Provide results of 
monitoring to DEWHA, 
NCA and ACT 
government biennially 

Biomass
management

Slash to no shorter than 8 
cm, Aug-Sep. 

Slash if over 20 cm, 
Feb (average height 
should be > 15 cm) 

Grassland
monitoring

Annually: photographs 
from reference points 

Biennially: step-point 
transects and quadrant 

Provide results of
monitoring to DEWHA, 
NCA and ACT 
government biennially 

GSM monitoring Annually: point counts 

Last year of 5-year plan: 
capture-release survey for 
population estimation 

Provide results of
monitoring to DEWHA, 
NCA and ACT 
government

Site inspection Note condition, damage Note condition, 
damage

Note condition, 
damage

Note condition, 
damage

Review of Plan Five-yearly



Natural Temperate Grassland Maintenance Plan 
Block 3 Section 22 Barton, ACT 

PB 2111501A_PR1357AJ Page 16

4. Monitoring
Monitoring should be carried out by appropriately qualified personnel, with supervisors 
having at least five year’s experience in the assessment and management of Natural 
Temperate Grasslands and Golden Sun Moth populations. 

4.1 Vegetation 

4.1.1 Natural Temperate Grasslands 

The condition of the grassland should be monitored every second year in spring (with the 
exception of photographs from reference points which occur annually), starting in 2009. 
Appendix A contains the results of grassland monitoring in spring 2007. 

Species list 
All plant species noted on the subject site during management and monitoring are recorded 
on a cumulative annual species list (Appendix A). This list records the arrival of species of 
weeds, or their eradication and the loss of native species. In combination with the 
assessments below, it will measure changes in species richness and site condition over 
time. A major aim of management of the subject site is to retain native species and eliminate 
or contain exotic species. Any observations of fauna of interest (e.g. Canberra Raspy 
Cricket) should be recorded at the same time. 

Mapping of vegetation associations 
Figure 4-1 shows the extent of the vegetation associations in 2007. The native-dominated 
areas have been divided by quality (native plant diversity) and dominant species, and the 
major weeds present in the exotic-dominated areas have been noted. The definitions of 
these associations are: 

high quality native-dominated grassland: >75% of vegetation cover is native,
dominated by Tall Speargrass Austrostipa bigeniculata and Wallaby Grasses
Austrodanthonia species, with a diversity of native forbs. These include species less
tolerant of disturbance, such as:

Rock Fern Cheilanthes sieberi

Common Onion Orchid Microtis unifolia

Golden Lily Bulbine bulbosa

Early Nancy Wurmbea dioica 

Curved Rice-flower Pimelea curviflora 

Creamy Candles Stackhousia monogyna

Blue Devil Eryngium rostratum

Lemon Beauty Heads Calocephalus citreus

lower quality native-dominated grassland: >50% of vegetation cover is native,
dominated by Redleg Grass and Wallaby Grasses, with fewer native forbs. These
include disturbance-tolerant species such as:

Swamp Dock Rumex brownie
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Figure 4-1 Vegetation associations 
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Figure 4-2 Vegetation monitoring 
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Australian Bindweed Convolvulus erubescens

Tufted Bluebell Wahlenbergia communis

Scrambled Eggs Goodenia pinnatifida

Yellow Buttons Chrysocephalum apiculatum

exotic-dominated grassland: >50% of vegetation cover is exotic. Species of particular
concern are listed in Table 3-1 above.

Biennial checking of the vegetation association boundaries in spring will provide information 
on the effectiveness of weed control. An aim of the Maintenance Plan is to contain or reduce 
the exotic-dominated areas, and to maintain or enlarge the high quality native-dominated 
areas.

Step-point transects 
This method assesses the relative abundance of plant species, and gives an indication of 
the dominant species, degree of weed invasion and amount of bare ground (see Sharp et al. 
2005). Two transects are surveyed along the long axis of the subject site in spring (refer to 
Error! Reference source not found.). Each consists of 100 steps. At each step, a long vertical 
wire is place ahead of the observer, and a record is made of what plants touch the wire (a 
‘hit’). ‘Hits’ on rock, bare ground, cryptogams and litter are also recorded. Results of the 
2007 transects are in Appendix A.

An aim of the Maintenance Plan is to maintain a balance between bare ground and 
vegetation, and to keep the cover of presumed GSM food plants at current or increased 
levels. For the life of the current Maintenance Plan, the aim is for bare ground to be kept at 
5-25%, the main native grasses at about 60% cover and 8-20 cm height, with Wallaby
Grasses contributing 7% or more cover.

Quadrant assessment 
A 20 x 20 metre quadrant in the middle of the subject site is assessed. This sector had a 
high number of GSM captures in 2006 and was in the high quality native-dominated 
association in 2007. Every species present in the quadrant and its percentage cover is 
recorded. An aim of the Maintenance Plan is to maintain the native plant diversity in this 
area.

Photographic record 
A photographic record is to be made each spring, from the points indicated in Figure 4-2.
The photographs from spring 2007 are in Appendix C. They give a general indication of 
vegetation structure on various parts of the subject site. 

4.1.2 Weeds 

In the second summer of this Plan (and every two years afterwards), the need for weed 
control should be compared with the previous year’s activity, and assessed against the 
objectives in Table 3-1 for particular species. Successful weed management will result in 
eradication of some target species, suppression or containment of others, and the 
identification and treatment of new weed infestations. Areas where treatment has been less 
effective should be noted, and future treatments adjusted accordingly. 

Any increase in the area of vegetation dominated by exotic species measured in the 
mapping exercise described above should be a trigger for an increase in weed control effort, 
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as should repeated or continuing infestations of weeds listed for eradication, or the spread of 
species required to be contained (including native grass species previously planted on the 
subject site). 

4.2 Golden Sun Moth 

4.2.1 Annual monitoring 

The subject site is too small for standard transect surveys (e.g. Clarke & Dunford 1999) to be 
strictly comparable with larger sites. However, its size provides an opportunity for ongoing 
comparisons of observational data collection methods. Due to the small area to be surveyed 
and the potential for double counting, observational surveys will not give absolute numbers 
for a site, but provide an indication of density and activity of flying males. Repetition of 
counts allows averaging to reduce the variability that can arise from changes in wind speed 
or sunshine intensity between short counts on the same day. Suggested methods are: 

site visits in the second and fourth weeks of November, and the second week of
December, on days of suitable weather. Surveys should be undertaken between 1130
and 1230 hours, in warm to hot, sunny, still conditions

transect surveys: on each visit at 1130, 1200 and 1230 hours, observer to walk steadily
on a 100 metre transect along the long axis of the subject site. All GSM seen flying
ahead and on each side of the observer on each pass should be recorded on a hand-
counter. Double counting of individuals to be avoided as far as possible. Results to be
recorded as number of GSM per 100 m transect

Point observations: to be undertaken twice on each visit in sets of ten, between the
transect survey sessions. Observer to stand in centre of subject site, and rotate slowly
(360º in 30 seconds). All GSM seen in a radius of 25 metres during rotation to be
recorded, including double counting of individuals that change track and recross the
observer’s visual path. Results from ten rotations to be recorded in each of the two
sessions, with the range and average calculated for each session (number of GSM per
30 second rotation)

GSM seen will be mostly flying males; any females should be recorded separately.

4.2.2 Five yearly monitoring 

Population estimation 
Note: mark-recapture surveys involve repeated handling of animals, and require the 
prior issue of a Permit to Take by the Department of the Environment, Water, Heritage 
and the Arts. The personnel involved in the survey should be appropriately qualified 
and experienced in such work, and the application for the permit should be lodged 
three months before the proposed survey. 

Previous population estimation surveys have involved daily capture of males (and females in 
some years) throughout the flying period. The impact of this on survival and breeding of 
GSM is not known, although numbers were not reduced when the procedure was carried out 
over three consecutive seasons in the 1990s. However, it is a very intrusive procedure, and 
could be damaging to the population in years when numbers are already low for other 
reasons.

PB 2111501A_PR1357AJ Page 20



Natural Temperate Grassland Maintenance Plan 
Block 3 Section 22 Barton, ACT 

An alternative method using a nested sampling structure is outlined below (designed by 
Anett Richter, University of Canberra). It allows population estimation with less interference, 
while also recording the ratio of males to females captured (in 2006, females were not 
captured to reduce interference to egg-laying). Capture, marking and release methods 
should be as described in Rowell (2007), with the addition of capture of females as well as 
males.

The Robust Design 
This mark-recapture method allows population estimation without daily captures. It features 
a nested sampling structure, timed to take account of the short life-span of adult GSM (one 
to four days). The first level consists of primary sampling sessions. The population 
experiences mortality (and potentially immigration) between primary sessions, allowing 
application of open population models. The secondary level of sampling involves a short 
mark-recapture study within each primary session. Closed population models are used at 
this stage to estimate the animal abundance at each primary session. 

The design of the mark-recapture study (primary and secondary sampling sessions) 
depends on the biology of the study species. Due to the short life span of GSM (average two 
days), secondary sampling sessions should take place within two days. It is suggested to 
have at least four secondary sessions within one primary session to obtain an appropriate 
number of captured and recaptured individuals. To verify a closed population (no 
immigration, emigration, birth and deaths) four secondary sessions need to take place within 
two days (see design below). 

The first primary session should begin as soon as flying males are detected, and should be 
repeated every eight days until there are no new captures. Observational surveys of the 
subject site should be undertaken weekly from late October to determine the beginning of 
the flying period. Analysis is to be carried out using the software MARK. The package 
includes the estimation of total population size of closed and open populations based on the 
Robust Design. It also provides estimates of daily survival rates and recapture probabilities.

4.3 Recording and reporting 

4.3.1 Management checklist 

The annotated work program and data from periodic monitoring will provide a record of 
management actions and outcomes that can be submitted to the lessee (NCA), DEWHA and 
the ACT government biennially or as required.

A report should be prepared in the final year of the five year Maintenance Plan, detailing the 
results of management and monitoring, with recommendations for variations in the reviewed 
Maintenance Plan. 
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Figure 4-3 Experimental design for population estimation at Block 2 Section 22 Barton 
Source: Anett Richter, University of Canberra, 2006 
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Figure 4-4 Golden Sun Moth Survey Sector (2006) 
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5. Review of the Maintenance Plan
The Maintenance Plan should be reviewed at the end of five years. A new draft Plan should 
be prepared by an appropriately qualified person, and be presented for review and approval 
by the National Recovery Teams for GSM and Natural Temperate Grasslands, or a 
committee of specialists from ACT government, NSW Department of Conservation and 
Climate Change, DEWHA, University of Canberra, Australian National University, CSIRO 
Department of Entomology etc. 

6. Implementation of the Maintenance Plan
The leaseholder of the site will be responsible for the implementation and ongoing 
management of the Maintenance Plan and all associated costs. 

All aspects of the Maintenance Plan should be carried out by: 

• suitably qualified operators/contractors with demonstrated experience in Natural 
Temperate Grasslands, to be engage directly by the leaseholder of the site; or 

• a recognised authority (e.g. the ACT Government), subject to an agreement, 
arrangement or Memorandums of Understanding with the recognised authority, with all 
expenses to be funded by the leaseholder. 
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Appendix A
(to Maintenance Plan) 

Summary of plant species
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Vegetation composition at step-point Transect 1 (100 step-points) 
November 2007 
Type Count Frequency 

(% hits) 
Recorder: Isobel
Crawford 

Total step-points 100
Total vegetation hits 171
Rock     0 0
Bare ground   20 20
Litter   30 30
Cryptogam   14 14

Species Count Frequency of
species (% hits) 

Composition of 
vegetation (%) 

Austrostipa bigeniculata   58 58 34
Bothriochloa macra   27 27 16
Austrodanthonia spp.   13 13   8 
Chrysocephalum apiculatum    4   4   2 
Lomandra bracteata    1   1 <1
Tricoryne elatior    1   1 <1
Goodenia pinnatifida    1   1 <1
Triptilodiscus pygmaeus    1   1 <1

*Dactylis glomerata 13 13   8 
*Plantago lanceolata 13 13   8 
*Hypochoeris radicata   8   8   5 
*Paspalum dilatatum   8   8   5 
*Avena barbata   7   7   4 
*Nassella neesiana (dead)   5   5   3 
*Nassella neesiana (alive)   5   5   3 
*Aira elegantissima   2   2   1 
*Romulea rosea   2   2   1 
*Cynodon dactylon   1   1 <1
*Hypochoeris glabra   1   1 <1
* denotes exotic species



Natural Temperate Grassland Maintenance Plan 
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Vegetation composition at step-point Transect 2 (100 step-points) 
November 2007 
Type Count Frequency 

(% hits) 
Recorder: Isobel
Crawford

Total step-points 100
Total vegetation hits 159
Rock     0     0 
Bare ground   13   13 
Litter   30   30 
Cryptogam     8     8 
Species Count Frequency of

species (% hits) 
Composition of 
vegetation (%) 

Austrostipa bigeniculata   57   57 36
Bothriochloa macra   29   29 18
Chrysocephalum apiculatum   18   18 11
Austrodanthonia spp.   11   11   7 
Tricoryne elatior    3    3   2 
Goodenia pinnatifida    3    3   2 
Asperula conferta    1    1 <1
Elymus scaber    1    1 <1
Lomandra bracteata    1    1 <1
Wahlenbergia luteola    1    1 <1

*Avena barbata 11 11   7 
*Nassella neesiana 7 7   4 
*Plantago lanceolata 7 7   4 
*Dactylis glomerata 3 3   2 
*Hypochoeris radicata 2 2   1 
*Bromus sp. 1 1 <1 
*Paspalum dilatatum 1 1 <1
*Aira elegantissima 1 1 <1
*Cynodon dactylon 1 1 <1
* denotes exotic species
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Block 3 Section 22 Barton, ACT 

VEGETATION SURVEY SHEET for 20 metre x 20 metre quadrant 
November 2007 

Client: Finance Project: Maintenance 
Plan

Date: 9 Nov 2007 Site name: York Park GSM site, 
3&7/22 Barton.

Quadrant ID: 1 Landform:
footslope/plain

Recorder: Alison Rowell Average vegetation height: 15 
cm

WGS84 Easting: 
693832

Northing: 6090303 Aspect: NW Soil: clay / loam/ sand / organic 

% cover bare 
ground:5-25%

% cover litter: 5-
25%

% cover cryptogam: 1-
5%

% cover rock: 0 

% cover kangaroo 
pellets:0 

Cover scores:5 >75%, 4 50-75%, 3 25 -50%, 2 5-25%,
1 numerous/scattered < 5%, + few (~4-15), r solitary~1-3)

No. Native Species Cover 
score

No. Exotic Species Cover 
score

1 Austrostipa bigeniculata 3 1 Hypochoeris radicata 2
2 Bothriochloa macra 2 2 Plantago lanceolata 1
3 Chrysocephalum apiculatum 2 3 Vulpia myuros 1
4 Goodenia pinnatifida 2 4 Briza minor 1
5 Austrodanthonia auriculata 1 5 Hypochoeris glabra 1
6 Austrodanthonia carphoides 1 6 Aira elegantissima 1
7 Lomandra bracteata 1 7 Briza maxima 1
8 Wahlenbergia communis 1 8 Trifolium campestre +
9 Wahlenbergia luteola + 9 Gnaphalium americanum +

10 Pimelea curviflora 1 10 Bromus hordeaceus +
11 Panicum effusum 1 11 Avena sp. +
12 Cheilanthes sieberi 1 12 Romulea rosea +
13 Calocephalus citreus 1 13 Hypericum perforatum r
14 Tricoryne elatior 1 14 Echium plantagineum r
15 Convolvulus erubescens + 15
16 Elymus scaber + 16
17 Austrodanthonia sp. + 17
18 Senecio sp. r 18
19 Bulbine bulbosa r 19
20 Austrostipa scabra + 20
21 Oxalis perennans + 21
22 Lomandra sp. 1 22
23 Eryngium rostratum r 23
24 24
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Appendix B 
(to Maintenance Plan) 

GSM population studies and estimates



Natural Temperate Grassland Maintenance Plan 
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The previous studies of the Golden Sun Moth on the Site include four mark-release-recapture surveys 
producing estimates of population size.

Summary of mark-release-recapture results for male GSM. 

Year*

(period of captures) 

1992

(69 days)

1993

(48 days) 

1994

(45 days) 

2006

(27 days) 

Number of individuals captured 317 321 375   398 
Total captures 354 389 419   423 
Recaptures after    1 day   25   54   30     21 

2 days     8     8   10       4 
3     2     2     2       0 
4     1     1     1       0 
5     1     0     0       0 

Estimated total male population during 
period of captures: 
Fisher-Ford method 
MARK method 
JOLLY method

524 456 736
  440 
1230

* Cook & Edwards 1993 & 1994, Edwards 1994, Harwood et al. 1995, Rowell 2007.
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Appendix C
(to Maintenance Plan) 

Photographic records
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Transect 1, taken from southern boundary. November 2007. 

Transect 2, taken from southern boundary. November 2007. 



Natural Temperate Grassland Maintenance Plan 
Block 3 Section 22 Barton, ACT 

Short axis of site, taken from western boundary. November 2007. 

20 x 20 metre quadrant, taken from southern edge. November 2007. 



Natural Temperate Grassland Maintenance Plan 
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Centre of 20 x 20 metre quadrant, detail. November 2007. 
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