
353

Fourteenth Australian Weeds Conference

Summary   The release and establishment of Tortrix 
sp. on bitou bush in New South Wales (NSW) from 
2001–2004 has met varied success. Of the 124 releases 
at 33 sites only four have established. Analysis of plant 
growth rate, rainfall and evaporation data during two 
summer release periods has found that while release 
sites have experienced below average rainfall there 
is a site or habitat effect on bitou bush growth rate 
and release success. The future direction of research 
into the infl uence of habitat on the establishment and 
impact is discussed.
Keywords     Biological control,  agent establishment, 
 insect-plant interactions,  climate,  landscape.

INTRODUCTION
The bitou bush leaf rolling moth Tortrix sp. was ap-
proved for release as a biological control agent against 
the Weed of National Signifi cance, Chrysanthemoides 
monilifera ssp. rotundata (DC.) Norlindh (bitou bush), 
by the Australian Quarantine Inspection Service and 
Environment Australia in January 2001. This coincided 
with the inception of a Natural Heritage Trust funded 
collaborative project between CSIRO Entomology and 
NSW Agriculture to release and establish Tortrix sp. 
while creating community ownership for the ongoing 
redistribution of the species along the New South 
Wales (NSW) coast. The project is based around 
three main technical components, rearing, releasing 
and the evaluation of release outcomes. 

Swirepik et al. (2004) experimentally found that 
predators (thought to be mostly ants) caused post-
release larval mortality of up to 98% within 10 weeks 
of release at Jervis Bay in autumn 2002. Despite such 
high predation rates Tortrix sp. establishment has 
been variable with successful establishment at four 
sites. This suggested that other factors, notably plant 
vigour, and some environmental factors that drive this 
may also be infl uencing establishment. 

The aim of this paper is to have a preliminary look 
for a link between the establishment of Tortrix sp. and 
plant growth rate and how this might be affected by 
rainfall, evaporation and habitat related soil conditions 
at release sites. 

MATERIALS AND METHODS
Agent rearing   The rearing of Tortrix sp. is the re-
sponsibility of project offi cers based at CSIRO Ento-
mology (Canberra) and NSW Agriculture (Grafton). 
Glasshouse cultures can produce six generations of 
adults each year. Prior to emergence, pupae are col-
lected from the plants on which they have developed 
and placed into containers where adults emerge. Once 
emerged, adults are sexed and placed into milkshake 
containers with gauze lids for mating and oviposition. 
Females lay the bulk of their egg batches onto the 
walls of the container within a week of emergence. 
The containers are cut around each egg batch to form 
a ‘tag’ with eggs stuck to it. Tags are used to restart 
the rearing culture or for fi eld release.

Agent release   Field releases of all life forms (eggs, 
larvae, pupae and adults) have been made since April 
2001; however most releases made have used egg 
batches, with egg tags being stapled to the bitou bush 
canopy at fi eld sites. Larvae then hatch within days of 
the release being made and move off to feed within a 
bitou bush growth tip. Release size has varied between 
40–700 egg batches per release, while releases of lar-
vae, pupae and adults have varied between 100–4000 
individuals per release.

The release of Tortrix sp. has involved a network 
of 60 staff (from federal, state and local govern-
ment agencies) and 150 members of the community, 
which includes Dune/Coastcare volunteers, Green-
corps and school students in the release process to 
date.

Evaluation   This project has adopted a three tiered 
structure for evaluating project outcomes similar to 
that described by Swirepik and Smyth (2003). 
• Tier one evaluation generates impact relationships 

between the agent and target that are then used to 
simplify the evaluation process in the next two 
tiers. 

• Tier two provides similar data to tier one but relies 
heavily on the relationships developed in tier one 
for a simplifi ed sampling process.
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• Tier three is a simple form of evaluation that may 
be carried out by any collaborator and involves 
monitoring for establishment. 

The aim of tier three monitoring is to rate a release 
site as failed, recovered or established. 
• Failed is defi ned as no larvae or other life stages 

of Tortrix sp. found. 
• Recovered: larvae or other life stages were found, 

but 12 months have not passed since the last re-
lease. 

• Established: Life stages of Tortrix sp. have been 
found 12 months after the last release at the site.

Beyond predation, the canopy growth rate of bitou 
bush was considered a key plant performance pa-
rameter relevant for measuring the successful estab-
lishment and impact of Tortrix sp., as larval feeding 
generally occurs in the growth tips and canopy. Tier 
one evaluation therefore started with measurements 
of canopy growth rate at fi ve sites on the NSW coast 
in association with releases (Table 1). 

At each site a minimum of 10 plants were random-
ly selected on which three shoots were then randomly 
selected, with the outer most growth node (point from 
which a whorl of daughter shoots starts) being marked 
with fl agging tape. The whorl of daughter shoots forms 
the outer growing surface of the canopy. The long-
est, shortest and one mid-length daughter shoot were 
selected from each outermost node. Shoot length (to 
the nearest half cm), and reproductive status (in bud, 
fl owering with fruit) were recorded. On each sampling 
visit daughters were again measured until a daughter 
developed a node at the end by producing daughter 
shoots of its own. At this point this next generation 
node was marked with fresh fl agging tape and a new 
series of daughters followed. Sampling was conducted 
on a monthly basis from June 2001–June 2003. Av-
erage monthly plant growth rates through spring/
summer 2001–02 and 2002–03 were compared across 
sites using ANOVA. 

Climate data for each site were accessed through 
the Bureau of Meteorology SILO data drill facility, 
with averages shown representing interpolated data 
grids (Jeffrey et al. 2001). 

RESULTS
The release process   To date 124 releases have been 
made at 33 sites from Newport in the north to Moruya 
in the south (Table 1).

The establishment and subsequent population 
build up of Tortrix sp has been below expectation, 
with established populations at four of the 33 sites, 
recovery at eight sites and failed establishment at 21 
sites. Of the four established sites, La Perouse headland 
was the fi rst to be confi rmed in June 2002. The second 

established site at Port Kembla is also a headland and 
was assessed as established in January 2003. The two 
remaining established sites were beach sites at North 
Wollongong and Wooli and were not confi rmed as es-
tablished until January 2004. Tortrix sp. larval density 
is now being monitored monthly at La Perouse and 
Wooli and quarterly at North Wollongong and Port 
Kembla. To date up to 70 larvae m-2 have been recorded 
(CSIRO unpublished data) in the hectare surrounding 
the initial release point. 

Table 1.   Tortrix sp. release sites, number of releases/
site and site status from 2001–2004.

Site No. releases
Established/
recovered

Newport Beach 1 Failed

Hastings Point 2 Recovered

Wooyung 2 Recovered

Billinudgel 1 Failed

Byron Bay 2 Failed

Ballina 1 Failed

Iluka* 18 Failed

Wilson’s Headland 8 Failed

Minnie Waters 3 Failed

Wooli 10 Established

Coffs Harbour* 4 Failed

Port Macquarie 1 Failed

Laurieton* 4 Failed

Stockton 1 Recovered

Harrington 1 Failed

Moonee Beach 5 Failed

Broadwater 1 Failed

Palm Beach 2 Failed

Menindee 1 Failed

La Perouse* 7 Established

Port Botany 3 Failed

Kurnell Heath 2 Failed

Kurnell Dunes 2 Failed

North Wollongong 3 Established

Port Kembla 7 Established

Perkins 2 Recovered

Killalea State Park 2 Recovered

Gerringong 2 Failed

Culburra 2 Failed

Ryan’s Swamp 6 Recovered

Jervis Bay bushland 4 Failed

Bherwerre Beach 1 Recovered

Moruya 13 Recovered

33 sites 124 21F, 8R, 4E

Note *= tier 1 site.
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Plant growth rate   There were signifi cant differences 
between sites in the mean monthly plant growth rate 
measured at the fi ve tier one monitoring/release sites 
(P <0.0001), in both sample periods (Figure 1). Across 
the two sample periods, growth rate at La Perouse 
was between 2.3 and 14.3 times higher than the four 
other sites. Of these sites, La Perouse was the only 
site where Tortrix sp. successfully established, and the 
site with the next best growth rate (Moruya) was the 
only other site of the fi ve where larvae were recovered 
following release.

Rainfall and drought   The NSW coast was going 
through a period of drought during the two spring/
summer sample periods as shown by interpolated 
monthly rainfall (Figure 2). Compared with the pre-
vious fi ve year monthly rainfall averages (1995–2000), 
during 2001–02 sites received between 37% (Coffs 
Harbour), and 77% (La Perouse), and during 2002–03 

Figure 3.   A comparison between interpolated month-
ly rainfall and evaporation over spring/summer at the 
fi ve tier one sites September 2001–January 2002. 

Figure 4.   A comparison between interpolated month-
ly rainfall and evaporation over spring/summer at the 
fi ve tier one sites September 2002–January 2003. 

Figure 2.   Interpolated mean monthly rainfall for the 
fi ve tier one monitoring sites: September 1995–2000 
– January 1995–2000; September 2001–January 2002; 
September 2002–January 2003. 

Figure 1.   Mean monthly growth rate at the fi ve NSW 
tier one monitoring sites October 2001–February 2002 
and October 2002–February 2003.
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sites received between 40% (Coffs Harbour), and 57% 
(Iluka) of expected rainfall. 

Average monthly rainfall exceeded monthly 
evaporation at all sites over the 2001–02 spring/
summer (Figure 3), while average monthly rainfall 
exceeded monthly evaporation only at three sites 
over the 2002–03 spring/summer period (Figure 4). 
This suggests that the two sites at Moruya and La 
Perouse were experiencing a water defi cit in the second 
of these seasons. 

DISCUSSION
On the surface the poor establishment rate of Tor-
trix sp. releases does not bode well for the future 
of the species as a biocontrol agent. Closer exami-
nation of the processes occurring over the release 
periods (spring/summer 2001–02 and 2002–03) offers 
some additional hope. This might all be put down to 
variation in predation levels between sites, however 
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closer examination of other factors over the release 
period (spring/summer 2001/02 and 2002/03) offer 
some further explanation. 

Growth rate   Of the fi ve sites where plant growth 
rates were measured, La Perouse had signifi cantly the 
highest plant growth rate in the fi rst spring/summer 
following release (Figure 1), and was the only site 
where Tortrix sp. establishment occurred. We believe 
that given the low establishment rate overall this sug-
gests a link between chance of establishment and plant 
growth rate. If plant growth rate is important then it 
is important to determine which site specifi c envi-
ronmental factors affect plant growth rate. By doing 
so it may be possible to predict from environmental 
data which sites are most likely to have high plant 
growth and consequently higher chances of Tortrix 
sp. establishment. 

Rainfall and drought   Rainfall and evaporation data 
during this study period indicated that all tier one sites 
received below average rainfall in both summers 
2001–02 and 2002–03 (Figure 2) with the effects of 
the drought becoming more pronounced in the second 
season in terms of potential water defi cit (Figure 4). 
Rainfall however did not correlate well with growth 
rates in either year. Indeed evaporation in 2002–03 
exceeded rainfall at two of the fi ve sites; Moruya and 
La Perouse (Figure 4). Despite this, growth rates were 
2.6 times higher at La Perouse than at the next best 
site (Iluka) where evaporation did not exceed rainfall. 
Clearly neither rainfall nor a potential water defi cit 
(rainfall-evaporation) drive growth rate alone. 

Habitat   Habitat quality will also infl uence bitou bush 
growth rate. Soils will vary in nutrient status and also 
water retention capacity, which will be important in 
drought years. Bitou bush, being coastal in distribu-
tion, grows in a range of soil types from the high drain-
age nutrient poor soils of beaches to the richer more 
complex soils adjoining rocky shores and headlands. 
The site at La Perouse is on a sandstone headland, the 
soil structure is sandy, but with higher organic content 
than the sand dunes at the four other tier one sites. The 
soils in this habitat character would provide greater 
water and nutrient holding capacity than soils behind 
most sandy beaches and may explain the higher plant 
growth rate even during a drought at this site. Further-
more, the Port Kembla site confi rmed as established in 
January 2003 prior to the end of the drought is also on 
a headland. Confi rmation of establishment at the third 
and fourth sites (North Wollongong and Wooli), which 
are both beach sites, was not made until 10 months 
after the drought had broken (January 2004). 

The infl uence of habitat on the successful estab-
lishment of Tortrix warrants further research. Current 
and future research activities are aimed at quantifying 
available nutrients such as nitrogen and phosphorus in 
the bitou bush canopy at release sites as Alonso and 
Herrera (2000) found leaf nutrient status infl uenced the 
feeding preference and activity periods of generalist 
noctuid (Lepidoptera) larvae on a perennial Mediter-
ranean shrub. Their fi ndings indicated that the noctuid 
larvae were able to complete two spring/early summer 
generations on their host Daphne laureola L., while 
the canopy had fresh spring growth. Once the canopy 
stopped growing with the onset of summer drought 
nitrogen levels in the leaves declined and larval activity 
ceased. It seems likely that a similar process occurs in 
the bitou bush canopy and that this process would have 
been more pronounced during periods of low growth 
rate. Preliminary results indicate that the bitou bush 
canopies at headland sites hold signifi cantly higher ni-
trogen content than neighbouring beach sites (CSIRO 
unpublished data). If after further sampling this rela-
tionship holds true, the results could allow more ac-
curate prediction of the establishment of Tortrix across 
the distribution of bitou bush in Australia. 
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