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Summary

Three agents of South African origin
have been released in Australia for the
biological control of bridal creeper (As-
paragus asparagoides): the leafhopper
Zygina sp. in 1999, the rust fungus Puc-
cinia myrsiphylli in 2000 and the leaf
beetle Crioceris sp. in 2002. Community
groups and land managers across Aus-
tralia have embraced the biological con-
trol program against bridal creeper with
enthusiasm and are actively involved in
the large-scale redistribution of the first
two agents, now released at more than
2500 locations across southern Australia.
In contrast, establishment and growth of
leaf beetle populations have so far been
disappointing, possibly due to predation
and limited availability of young shoots
at time of release. Heavy attacks by the
leafhopper are evident at some sites but
high population levels are not necessar-
ily sustained across years. The rust fun-
gus is currently the most effective agent
and has already demonstrated its ability
to reduce populations of this invasive
species, particularly in coastal areas. A
major reduction in bridal creeper popu-
lations, combined with appropriate strat-
egies to prevent invasion by other weeds,
will significantly enhance the protection
and restoration of key natural assets.

Introduction

The widespread form of Asparagus aspara-
goides (L.) Druce, commonly referred to
as bridal creeper in Australia (Kleinjan
and Edwards 1999), is one of southern
Australia’s worst environmental weeds
(Thorp 1999). It is a climber that smoth-
ers large areas of natural vegetation and
threatens biodiversity, including rare and
unique native plants, such as orchids and
Pimelea spicata R.Br. (Groves and Willis
1999, Willis et al. 2003). It is also found
climbing trees in irrigated orchards in
New South Wales (NSW) and Victoria,
where chemical control is difficult to
implement (Kwong et al. 2002, Kwong
and Holland-Clift 2004). Plants develop
‘mats” of rhizomes and tubers under the
soil surface, representing close to 90% of
the weed’s biomass, that enable survival

during dry summer months (Raymond
1999). Bridal creeper’s foliage begins
to grow after the first autumn or winter
rains and fruits in late November. Birds
that feed on the bright red berries spread
the seeds and are responsible for the es-
tablishment of satellite populations away
from main infestations (Stansbury 1996,
2001, Siderov and Ainsworth 2004). Hobbs
(1991) stated that contrary to most other
environmental weeds, bridal creeper’s in-
vasion of new sites appears unrelated to
disturbance events. A similar observation
was recently made in a study of the inva-
sion process of bridal creeper in Victoria
(Siderov et al. 2005).

Bridal creeper became naturalized and
invaded Australia’s bushland soon after its
introduction from South Africa in the mid
1800s. It is, however, relatively uncommon
in South Africa where its populations ap-
pear to be regulated by natural enemies. A
research program was initiated in the late
1980s to identify potential biological con-
trol agents in the native range of A. aspara-
goides (Scott and Kleinjan 1991, Edwards
1995, Kleinjan 2000, Witt and Edwards
2000, 2002, Kleinjan et al. 2004b, Kleinjan
and Edwards 2006). Following detailed
host-specificity testing to demonstrate
limited risks towards non-target plant spe-
cies (Scott et al. 1999, Morin 1999, Batchelor
and Woodburn 2001), three agents were
approved by the relevant authorities for
release in Australia: the leathopper Zygina
sp. in 1999, the rust fungus Puccinia myrsi-
phylli (Thuem.) Wint. in 2000 and the leaf
beetle Crioceris sp. in 2002.

All agents have a narrow host range.
The rust fungus has been found on five
Asparagus species in South Africa, but the
strain released in Australia only infects A.
asparagoides and none of the other native,
naturalized or cultivated Asparagus spp.
present (Morin 1999, Kleinjan et al. 2004b).
In contrast, the leathopper can attack, al-
beit negligibly, a few other species within
and outside the Asparagus genus, but can
only complete normal development on
A. asparagoides (Scott et al. 1999, Witt and
Edwards 2000). The leaf beetle can com-
plete normal development on a range of

Asparagus species, but cultivated aspara-
gus (Asparagus officinalis L.) and Asparagus
racemosus Willd., the only native species in
Australia, are not suitable hosts (Batchelor
and Woodburn 2001, Witt and Edwards
2002). All agents were selected from the
winter rainfall zone of the Western Cape
Province of South Africa (100-600 km east
of Cape Town), which climatically matches
southern Australia. As anticipated, the rust
fungus and leafthopper have coped with
the Australian climate after their release
and their phenology is well-synchronized
with that of bridal creeper (Batchelor and
Woodburn 2002b, Morin ef al. 2002). It is
too early, however, to draw conclusions
with regards to the establishment of the
leaf beetle across Australia.

In this paper, we will summarize the
biological characteristics of each agent,
provide an update on releases and es-
tablishment, and discuss their impact on
bridal creeper. The extent and success of
community engagement with the release
and redistribution of the agents will also
be discussed.

Leafhopper

Characteristics

The bridal creeper leathopper is an unde-
scribed typhlocybine species, Zygina sp.
that belongs to the family Cicadellidae. Its
adults are small (~2.5 mm long), winged
and yellowish-white. Eggs are laid into
mature leaves and hatch after two to three
weeks depending on ambient temperature
(Witt and Edwards 2000). The leafhopper
has five nymphal instars, each significant-
ly larger than the previous (Figure 1). The
wingless nymphs do not disperse readily,
unless disturbed or after depleting their
food supply.

Many generations of the insect occur
within a year, as long as living host ma-
terial is available. In most bridal creeper
infested regions of Australia, the leafhop-
per is active from approximately March
to November, with populations peaking
in the spring (Batchelor and Woodburn
2002b). In contrast, adults are present all
year in the central part of its distribution in
South Africa where bridal creeper grows
continuously (Witt and Edwards 2000). In
winter-rainfall areas where bridal creeper
senesces during summer, adults are be-
lieved to aestivate during the dry months
with occasional feeding on surrounding
non-host plants (Batchelor et al. 1999).
However, searches in South Africa and
Australia for leafthopper over-summering
sites have been unsuccessful.

Releases

The leathopper has been released at more
than 850 sites across Australia in collabo-
ration with the community (Figure 2A).
Whilst the leafhopper readily establishes
at most sites, this is often difficult to con-
firm in the first year because individuals
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Adult

Figure 1. Developmental stages of the bridal creeper leafhopper (Zygina sp.)

(indicative sizes).

(A)

Figure 2. Location of sites where (A) the leafhopper (Zygina sp.) and (B) the
rust fungus (Puccinia myrsiphylli) have been released since the beginning
of the biological control program for bridal creeper (based on information
currently available in the CSIRO database (http://www.ento.csiro.au/weeds/

bridalcreeper/project.html).

disperse quickly and populations take
time to build up.

The performance of the leathopper has
been highly variable. At many release sites
populations have remained extremely low
(e.g. Figures 3B, 3C) and at others the leaf-
hopper has performed extremely well,
spreading considerable distances and con-
tributing to significant bridal creeper de-
foliation (e.g. Figure 3A). Substantial pop-
ulation fluctuations have been recorded
at some well-established sites and could
be due to increased parasitism over time
(Joder et al. 2002, Batchelor and Woodburn
2002b). For example, in the 2001 growing
season between 28 to 50% of eggs at study
sites in Western Australia were parasitized
(Batchelor and Woodburn 2002b).

Damage and impact

The leathopper feeds on mesophyll cells of
leaves (cladodes) and young stems, using
a stylet to ‘suck out” the content of cells.

Feeding damage initially appears as small
chlorotic flecks on the upper surface of
leaves, followed by chlorotic zigzag pat-
terns that coalesce and completely dis-
colour leaves. Damage is generally more
prevalent on fully developed leaves occur-
ring in the shade (Witt and Edwards 2000)
and heavy attacks often result in early de-
foliation.

The impact of the leathopper on brid-
al creeper has been experimentally as-
sessed in the glasshouse and in the field
using standardized plants (Batchelor and
Woodburn 2002b, Kleinjan et al. 2004a). In
the field experiment conducted in South
Africa, flower and fruit production was
significantly lower in plants attacked by
leafthopper than insect-free plants (Klein-
jan et al. 2004a). Plants exposed to leaf-
hopper feeding had a significantly lower
tuber biomass than that of control plants
by the end of the experiment. However, it
was not possible to determine whether the

leafhopper actually reduced tuber reserves
and/or reduced the rate of new tuber pro-
duction (Kleinjan et al. 2004a). A prelimi-
nary glasshouse experiment by Batchelor
and Woodburn (2002b) demonstrated that
leafhopper feeding on bridal creeper foli-
age reduced the rate of tuber production,
although it did not show whether the
agent depleted existing tuber reserves.
The impact of the leafhopper and/
or rust fungus on populations of bridal
creeper is being monitored yearly at sites
in Western Australia, South Australia, Vic-
toria and NSW where permanent quadrats
and trellises have been set up, in collabo-
ration with several researchers from these
states. Base-line data on several growth
parameters of bridal creeper was gathered
at most sites in the 2-3 years prior to the
release of the agents (L. Morin and col-
laborators unpublished). Although the
rust fungus is the most active agent, the
leafhopper has contributed to the reduc-
tion of bridal creeper populations at some
sites (Figure 3). This work is in progress
and will be published in full elsewhere.

Rust fungus

Characteristics

The rust fungus associated with bridal
creeper is identified as Puccinia myrsi-
phylli (Basidiomycota; Uredinales; Telio-
mycetes). It is a biotrophic pathogen, or
obligate parasite, that infects the leaves
and stems of bridal creeper and obtains
nutrients from living plant cells. It is aut-
oecious, completing its life cycle on a sin-
gle host (bridal creeper), and macrocyclic,
producing all five typical spore states of
rust fungi (Kleinjan et al. 2004b) (Figure
4). The bridal creeper rust fungus does
not spread internally throughout plants
and therefore it must reinfect plants every
growing season.

In early to late autumn the first signs
of the rust fungus appear in the field as
small, wart-like, orange structures on the
upper surface of leaves (spermagonia =
pycnia) and cup-shaped, orange fruiting
bodies (aecia) on the under surface of
leaves (Kleinjan et al. 2004b) (Figure 4).
Aecia produce spores called aeciospores,
which infect plants to produce uredinia,
the repetitive and most common stage of
the rust fungus. Uredinia (orange pus-
tules) and telia (browning-black pustules)
occur on the under surface of leaves and
on stems. Uredinia produce spores called
urediniospores that are dispersed by wind.
Telia develop several weeks after the ap-
pearance of uredinia and produce thick-
walled resting spores called teliospores,
ensuring survival of the rust during the
dry summer months when bridal creeper
naturally senesces. These two spore stages
of the rust fungus can be observed for most
of the growing season on bridal creeper.

The occurrence of P. myrsiphylli in South
Africa is dependent on the presence of
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Figure 3. Changes in percentage cover of bridal creeper
(solid line) in a series of permanent 3 m x 3 m quadrats
(3—4 per site) established at three natural infestations
in (A) Broulee, (B) Camden and (C) Yanco in NSW, in
the years before and after the release of the rust fungus
(Puccinia myrsiphylli) (dash line) and the leafhopper
(Zygina sp.) (dotted line). Both agents were released

at the Broulee and Camden sites in 2001, while at
Yanco the leafhopper was released in 2000 and the rust
fungus in 2001. The damage index of each agent was
calculated by multiplying the proportion of diseased or
damaged leaves out of 50 sampled in a 1 m? area within
each quadrat with the mean disease or damage severity
of affected leaves. Yearly assessments at each site
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were made after fruits had formed but before they had ripened. Each data point represents the mean value of all
quadrats at a site and bars indicate + one standard error of each mean. Data for 2002 is missing for the Camden site.
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living foliage of its host and rainfall pat-
tern (Kleinjan et al. 2004b). Similar ob-
servations have been made in Australia,
where the rust fungus generally appears
within 4-8 weeks after the emergence of
bridal creeper shoots and the first autumn
rains (around May-June in Western Aus-
tralia and South Australia, and March in
NSW) (Morin et al. 2002). From then on,
the rust fungus repeatedly infects plants
during the growing season, if environ-
mental conditions are suitable. In labora-
tory experiments, urediniospores required
at least eight hours of leaf wetness and
temperatures between 16 to 20°C to in-
fect plants (L. Morin unpublished data).
Repeated infections result in a steady in-
crease of disease incidence and severity,
which peak in the spring when plants are
flowering and fruiting (Figure 5).

Releases
In collaboration with community groups
and land managers, the rust fungus has to
date been released at more than 1700 sites
across the distribution of bridal creeper in
temperate Australia (Figure 2B). It has es-
tablished readily at most sites, particularly
those in moist coastal areas. In inland areas
recently stricken by drought, P. myrsiphylli
exceeded expectations by surviving and
recolonizing sites between seasons, albeit
at low densities (L. Morin unpublished).
Puccinia myrsiphylli has spread relative-
ly slowly at sites in southern NSW that
were closely monitored following release
in July 2000 (Morin et al. 2002). At one
site near Narooma, the rust fungus only
spread about 30 m by the end of the grow-
ing season, four months after release. Low
wind turbulence and high moisture levels
during the bridal creeper winter growing
season probably restricted dispersal of
urediniospores at these sites. In the fol-
lowing growing season, the rust fungus

reappeared at all sites and continued to
spread from the recolonized infection foci
(Morin et al. 2002).

Several community members across
southern Australia who released the rust
fungus in 2001 and 2002 followed a pro-
tocol that we developed to measure maxi-
mum natural spread in the year follow-
ing release. Four transects radiating from
the initial release point were inspected for
rust infections every 5 m for the first 50 m,
every 10 m between 50-100 m and every
20 m until no more bridal creeper or rust
was encountered. Maximum spread of P.
myrsiphylli within one year of release var-
ied greatly between sites, ranging from 35
to 360 m at sites where releases were made
2001 and 2.5 to 65 m for the 2002 releases
(Figure 6).

A Cecidomyiidae larva, similar to that
found feeding on urediniospores of P.
myrsiphylli in South Africa (Kleinjan et al.
2004b), has also been observed on infected
leaves in NSW, particularly during very
wet conditions (L. Morin unpublished).
However, grazing by this natural enemy
did not appear to restrict the development
of rust epidemics.

Damage and impact

Puccinia myrsiphylli, like other rust fungi,
acts as a resource sink through the con-
tinuous absorption or diversion of plant
nutrients and detrimentally affects plant
development and reproduction (reducing
stem, fruit, rhizome and tuber produc-
tion). The fungus also destroys leaf tissue
by producing chlorotic spots and fruiting
bodies that reduce the photosynthetic sur-
face of the plant. It infects young and old
leaves and stems, but disease symptoms
are generally not as severe in stressed or
unhealthy plants. Severely diseased plants
shed infected leaves prematurely and pro-
duce few or no fruits.

Rust disease recycles every
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Figure 5. Schematic illustration of the various stages in the development of
the bridal creeper rust disease during a year.

Severe infections by the rust fungus
adversely affected the production of new
tubers and foliage during a glasshouse
experiment (Morin et al. 2002). After 20
weeks of fortnightly inoculation with P.
myrsiphylli, the tuber number, rhizome
length and shoot mass of infected bridal
creeper plants were reduced by more than
60% compared to control plants. While the
latter regrew extensively after foliage re-
moval, severely diseased plants did not
regrow in the following 20 week period,
demonstrating the exceptional indirect
impact of the fungus on belowground
biomass.

The impact of the bridal creeper rust
fungus has been particularly impressive
in coastal areas, where climatic conditions
are ideal for epidemic development. For
example, a drastic decline in bridal creeper
coverage was recorded following the re-
lease of the rust fungus and leafhopper
at study sites in Broulee on the southern
NSW coast and Camden in western Syd-
ney (Figure 3A, 3B). The two agents oc-
cupy the same broad feeding niche and
their combined attack lead to an additive
reduction in the relative growth rates of
bridal creeper (Turner 2003, Turner et al.
2004). However, the rust fungus is consid-
ered the most effective agent in the field
because its populations do not fluctuate as
widely as the leafhoppers.

Unfortunately, the impact of the rust
fungus has not been as remarkable at
drier inland sites. For example, the bridal
creeper population at Yanco has not been
severely affected by the rust fungus, as
demonstrated by fluctuating percentage

100

S (9] [e}
o o o

Percentage of total sites

N
o

Al |

0 50 100 150 200 250 300 350 400

Distance spread (m)

Figure 6. Distance spread by the rust
fungus (Puccinia myrsiphylli) one
year after its release in 2001 (solid
column) and in 2002 (open column)
at 14 and 23 sites, respectively. Sites
were monitored by community
members in Western Australia,
South Australia and NSW by
walking from the point of release
along four transects in opposite
compass directions to a distance
where either no bridal creeper or
rust could be detected.



cover since the release (Figure 3C). The
three-year drought in this region has pre-
vented the development of rust epidem-
ics early enough in the season to reduce
bridal creeper growth.

We are continuing to monitor the im-
pact of the rust fungus and document the
success of this biological control agent. A
fully controlled, three-year exclusion ex-
periment has been initiated to test more
rigorously the direct impact of the rust
fungus on bridal creeper at six sites in
NSW and Western Australia. At each site,
bridal creeper aboveground biomass and
fruit production will be assessed towards
the end of each growing season in perma-
nent quadrats infected with the rust fun-
gus and others that have been maintained
free of the fungus by regular fungicide
applications (Folicur™). It has previously
been established that this fungicide does
not affect bridal creeper growth (Turner
2003). Changes in plant community com-
position will also be monitored to deter-
mine whether sustained control of bridal
creeper over consecutive years leads to
natural restoration of native vegetation or
invasion by other weed species (e.g. weed
substitution).

Only the first year’s data has so far
been collected, but reductions in bridal
creeper cover, aboveground biomass and
fruiting are already being observed in
rust-infected quadrats compared to rust-
free plots. A comprehensive methodology
with the full set of results will be pub-
lished elsewhere at the completion of the
experiment. Results from this study will
form the basis of management plans for
the restoration of native vegetation follow-
ing successful control of bridal creeper.
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Leaf beetle

Characteristics

The bridal creeper leaf beetle is an un-
described Crioceris sp. (Chrysomelidae:
Criocerinae). The adults are light brown,
winged and long lived (>6 months) and
males are slightly smaller (3.9 mm body
length) than females (4.1 mm long) (Witt
and Edwards 2002) (Figure 7). Although
capable of flight, adults are more frequent-
ly seen walking across shoots (Witt and
Edwards 2002). Females can copulate im-
mediately after eclosion and lay eggs, sin-
gly or in groups, on young growing shoots
of bridal creeper. Based on a controlled

(A) g

¥

2 o 1

environment experiment, eggs maintained
at 15,20 and 30°C hatched after 8.7,5.1 and
3.6 days, respectively (Witt and Edwards
2002). The leaf beetle has four larval in-
stars, light to dark brown in colour, which
take 8-21 days to develop, depending on
temperature, from eclosion to pupation.
Mature larvae drop to the ground and pu-
pate by producing a hardened protective
COCOON.

The leaf beetle has one to two genera-
tions per year and over-summers as an
adult in the pupal cocoon. Laboratory
results indicated that wetting of pupal
cocoons serves as a stimulus for adult

(B)

Figure 7. Bridal creeper leaf beetle Crioceris sp. (A) Eggs (~1 mm long;
~0.4 mm wide) laid perpendicularly on a shoot of bridal creeper.
(B) Adult (~4 mm long). (C) Fourth-instar larvae (~8 mm long).

Photos CSIRO, David McClenaghan.
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Figure 8. Bridal creeper leaf beetle emergence pattern and spread during the 2004 growing season at Woodman
Point Regional Park in Western Australia. More than 1000 leaf beetles were released at this site in April 2003.

(A) Average number of leaf beetle eggs (open column) and larvae (solid column) per metre square at different
visits. (B) Percentage of total eggs (open column) and larvae (solid column) counted at various distances from the

release point.
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emergence, although not all adults emerge
simultaneously (Witt and Edwards 2002).
In South Africa winter rainfall regions, the
leaf beetle is mainly active from April to
June when bridal creeper resumes growth
from its belowground reserves.

To date, only limited observations
of the phenology and spread of the leaf
beetle have been made in Australia. For
example, we monitored the leaf beetle
between May—October 2004 at the Wood-
man Point Regional Park in Western
Australia, where more than 1000 adults
were released in April 2003 (Figure 8).
At each visit, the number of leaf beetles
(eggs/larvae/adults) was recorded in six
50 cm? quadrats at 0, 2.5, 5, 7.5, 10, 15, 20
metres from the initial release point. Eggs
were not detected at every visit but lar-
vae were present on most occasions (Fig-
ure 8). Most leaf beetles were recorded
between 10-30 m from the release point
and none were found beyond this distance
(Figure 8).

Releases

Leaf beetles have so far been released
(mostly by CSIRO) at a total of 46 sites
across southern Australia, including eight
releases made by colleagues from the De-
partment of Primary Industry in Victoria
in 2005. The number of adults released at
each site ranged from 40 to 1020, with an
average release size of 400. Of the 16 re-
leases made in 2002 and 2003, only three,
all in Western Australia, resulted in leaf
beetle establishment, i.e. leaf beetle popu-
lations sustained over more than one year
after release. However, one of those estab-
lished sites (Boomerang Gorge, Yanchep
National Park) was destroyed by a bush
fire in December 2004.

The leaf beetle does not appear to have
established following any of the nine re-
leases made in 2004 (one of those sites was
also destroyed by bushfire eight months
after the release). The drought of recent
years may have detrimentally affected
establishment of the leaf beetle at sever-
al sites by limiting production of young
bridal creeper shoots, which are crucial for
egg laying and as a food source for larvae.
It is too early to confirm if the leaf beetles
have established following releases made
in 2005, although our initial field observa-
tions are promising.

There is scope to improve the release
strategy for the leaf beetle to increase
establishment rates. Leaf beetle releases
should be targeted to areas where the
other agents have not been exceptionally
damaging, such as inland sites where rain-
fall and humidity may not be optimal for
rust fungus development. Leaf beetle fe-
males should also not be released for 7-10
days after being manually removed from
their pupal cocoons. This simple tactic
would prevent predation of female adults
during the pre-oviposition period and

ensure maximum egg laying occurs short-
ly after release.

We also recommend that releases are
made in the first part of the bridal creeper
growing season when high quality young
shoots are plentiful and temperatures are
not too cold. We have shown that tempera-
ture can significantly affect the number of
eggs laid by the leaf beetle in the laboratory.
In this experiment, adults were manually
removed from pupal cocoons and placed
in small cages (one couple of leaf beetles
per cage), each containing an actively
growing bridal creeper plant, and a small
bouquet of young shoots. Cages were then
exposed to two different temperature re-
gimes (10 replicate cages per temperature)
and eggs were counted at regular inter-
vals for a three-month period. Plants and
young shoots were replaced regularly to
ensure that suitable material for egg lay-
ing were present at all times. The number
of eggs laid by insects subjected to an av-
erage temperature of 16.4°C (max 26.3°C;
min 8.6°C) (mean no. eggs + SE: 156.2 +
26.7) was almost seven times greater than
that of insects exposed to an average
temperature of 9.3°C (max 14.5°C; min

25 - Second visit

20 A

Third visit
15

10 1

Number of eggs, larvae and pupae

Eggs

First-instar larvae Second to fourth-
instar larvae

8.6°C) (mean no. eggs + SE: 22.9 + 8.8).

Parasitism of leaf beetle pupae by spe-
cies of Tachinidae and Eulophidae has
been recorded in South Africa (Witt and
Edwards 2002). In Australia, we observed
low levels of larval parasitism (by an un-
known wasp species) in one of our rear-
ing colonies of the leaf beetle, but parasit-
ism has not yet been seen in the field. In
contrast, predation of larvae and pupae
is suspected, based on results from a re-
cent field experiment in Western Australia
(Reilly et al. 2004). In this experiment, the
highest number of larvae and pupae were
recorded when adults were placed within
exclusion cages, possibly due to protec-
tion from natural enemies and prevention
of adult dispersal. Ant baiting at open ex-
perimental plots did not result in higher
numbers of leaf beetle larvae and pupae
compared to untreated plots, suggesting
that predatory ants do not greatly affect
leaf beetle populations.

We conducted a preliminary experi-
ment during the 2005 growing season to
explore further if parasitism and predation
affects leaf beetle establishment (Figure 9).
We will describe our initial experiment in

Fourth visit

Fifth visit

Life stage

Figure 9. Results from a preliminary experiment conducted at a naturally
infested bridal creeper site in Leeton, NSW in 2005. Numbers of eggs, larvae
and pupae recorded following the release of ten males and ten females in
each experimental plot (0.785 m?). The treatments consisted of: an open
control (no cage) (open column), a partial predator and parasitoid exclusion
(using green nylon mesh; 1 mm? holes) (vertical hatching column), a
complete predator and parasitoid exclusion until after the peak of the first
larval instar stage (using white nylon mesh; 0.11 mm? holes) (horizontal
hatching column), and a complete predator and parasitoid exclusion (using
fine white nylon mesh for the entire experiment) (solid column). The site
was visited every fortnight for 10 weeks. Each column represents the mean
value of four replicates per treatment and bars indicate + one standard error

of each mean.



this paper and the possible implications
for further leaf beetle releases. However,
further experiments are planned to clarify
the mechanisms behind these initial ob-
servations. In these experiments, we will
optimize uniformity and monitor abiotic
conditions between the treatments to re-
duce confounding effects and assist with
interpretation of results.

In the preliminary experiment, the
treatments were applied in a randomized
block design with four replications. These
treatments consisted of: an open control
(no cage), a partial predator and parasitoid
exclusion (using green nylon mesh with 1
mm?holes), a complete predator and para-
sitoid exclusion until after the peak of the
first larval instar stage (using while nylon
mesh with 0.11 mm? holes), and a com-
plete predator and parasitoid exclusion
(using fine while nylon mesh for the en-
tire experiment). Experimental plots were
circular (1 m diam.) and cages were made
of two 1 m diameter steel rings connected
by four 2 m long steel rods, covered with
the different mesh fabrics. The base steel
ring was placed 10-15 cm deep in the soil.
Ten males and ten females were released
into each plot immediately after manual
removal from pupal cocoons. The site was
visited every fortnight for 10 weeks to
count eggs and larvae. At the final visit,
the top 5 cm of soil/leaf litter in each plot
was removed and sieved to separate and
count pupae.

Eggs were only found during the sec-
ond visit and the numbers were similar
between treatments (Figure 9). There were
significantly less first-instar larvae found
in the open treatment compared to the
fine nylon mesh treatments, during the
third visit. This suggested that predation
or parasitism of the small first-instar lar-
vae may have occurred in the open control
treatment. Some predation and parasitism
of second to fourth-instar larvae may have
also occurred, although the complete ex-
clusion treatment was not significantly
different to the treatment where complete
exclusion was maintained until after the
peak of the first instars stage. Carabid
beetles, spiders and several genera of ants
including Iridomyrmex, Pheidole and Rhyti-
daponera were caught in pitfall traps dur-
ing the experiment and may have oppor-
tunistically taken leaf beetle larvae.

If our initial observations are confirmed
in subsequent, more robustly designed ex-
periments, the use of exclusion cages at
the time of release will be recommended
to enhance the initial increase of leaf bee-
tle populations. Alternatively, releases of
large numbers of beetles may compensate
for any predation or parasitism that may
occur.

Damage and impact
Adult leaf beetles feed on the growing tips
and young leaves of bridal creeper but
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do not inflict as much damage as larvae,
which strip young shoots and leaves and
reduce bridal creeper’s ability to climb.
Older foliage is avoided by all leaf bee-
tle stages. The impact of the leaf beetle
is most likely to be on very young bridal
creeper shoots emerging at the beginning
the growing season before the other agents
become active. No experiments have been
carried out to quantify the impact of the
leaf beetle on the belowground biomass
of bridal creeper.

Community engagement -
redistributing the agents

The natural spread process of both the rust
fungus and leafhopper can be enhanced by
redistributing diseased or insect-infested
foliage (collected from established sites) to
new sites. Simple protocols have been de-
veloped to assist the community in under-
taking such activities and have been made
available on a web site (http:/ /www.ento.
csiro.au/weeds/bridalcreeper/project.
html). The CSIRO has published its data-
base of agent release sites, in the form of
an interactive online map that can be used
to locate source sites for agents in specific
regions. Community members have been
urged to complete and forward a release
site form to CSIRO every time a new re-
lease is made so that the database is kept
up-to-date. Once the agents, and in par-
ticular the rust fungus, have established
their populations should be sustainable
over subsequent years unless major events
(e.g. fire) or prolonged unfavourable cli-
matic conditions occur.

Community groups, land managers
and primary schools across Australia
have been enthusiastically participating
in the redistribution program of biological
control agents for bridal creeper (Batch-
elor and Woodburn 2002a, Woodburn et
al. 2002, Kwong 2002, Batchelor et al. 2004)
(Figure 2). Several community groups
have extended their commitment by or-
ganizing field days to tell others of the pro-
gram. Other groups decided to speed up
the spread of the rust fungus by suspend-
ing spores in water using infected material
collected from established sites and apply-
ing it with conventional herbicide spray
units onto large bridal creeper infestations
(Overton and Overton 2006).

Community members have also been
encouraged to monitor the long-term im-
pact of the agents at their release sites to
detect if other weeds are invading areas
previously occupied by bridal creeper.
Regular monitoring activities will allow
them to take proper and timely manage-
ment actions to address these new weed
problems. A simple monitoring proto-
col was developed in 2002 in collabora-
tion with members of the National Bridal
Creeper Steering Committee and made
available on the CSIRO web site (see above)
to assist community groups who want to

be actively involved in gathering impact
data of the biological control program. The
protocol involves recording the percent-
age cover of different vegetation types and
presences of the bridal creeper biocontrol
agents along transect lines at the release
sites. With a few repeated measures made
in September over a period of 5-10 years
it will be possible to see if bridal creeper
is declining, and if native plants or other
exotic weeds are subsequently increasing.
Unfortunately only one community group
in South Australia collected base-line data
in 2002 before the release of biocontrol
agents at 18 sites (I. Abbott personal com-
munication) and as far as we are aware
these sites have not yet been reassessed.
Although the protocol is relatively simple
to follow, it appears that most land man-
agers and community groups do not have
the time to monitor release sites in such
detail.

Conclusion

The biological control program for bridal
creeper has already shown its potential to
contribute to the long-term management
of this nationally significant environmen-
tal weed. With additional efforts the entire
distribution of the weed will be targeted
by biological control. A major reduction
in the impact of bridal creeper, combined
with appropriate strategies to prevent in-
vasion by other weeds, will significantly
enhance the protection and restoration of
key natural assets.

The rust fungus is currently the most
effective agent, having already demon-
strated its ability to reduce populations
of this invasive species, particularly in
coastal areas. The leafhopper has been out-
standing in some years and locations, but
it is unpredictable because its populations
have a tendency to fluctuate. The leaf bee-
tle could complement the other agents, but
it is too early to make a proper assessment
of its potential because it has not widely
established.

An estimated investment of approxi-
mately $6 000 000 (in 2002’s dollars) has
been required to cover the cost of the
bridal creeper biological control program
from the early exploration phases in South
Africa (1989/90) to the release of the third
agent in 2002. This does not include the
extensive and outstanding contribution of
volunteer community members to the on-
ground implementation of the program.

It is now crucial to document the suc-
cess of the program in terms of environ-
mental outcomes so that returns on invest-
ments can be demonstrated to the commu-
nity. Biological control is a long-term weed
control strategy and reductions in bridal
creeper populations across the continent
are likely to take some time (5-15 years).
The agents will not eradicate bridal creep-
er but based on initial observations could
substantially reduce infestations.
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The development of ‘spore water’ on Kangaroo Island
for rapid spread of bridal creeper rust fungus

Beverley Overton and Dean Overton, PO Box 469, Kingscote, South Australia
5223, Australia. Email: deanandbev@bigpond.com

Summary

An overview is given of the development
and use of ‘spore water’ on Kangaroo Is-
land, South Australia. Spore water is a
solution of spores of the bridal creeper
rust fungus, Puccinia myrsiphylli, which
is sprayed onto bridal creeper, Aspara-
gus asparagoides, using standard pesti-
cide application equipment. It has been
found to be a very successful, non la-
bour-intensive method of introducing
biological control into the bridal creeper
populations.

Introduction

‘Spore water’ is a solution of rainwater
and viable bridal creeper rust fungus (Puc-
cinia myrsiphylli (Thuem.) Wint.). The rust
is an effective seasonal biological control,
and both this control vector and bridal
creeper (Asparagus asparagoides (L.) Druce)
are native to southern South Africa. The
rust fungus is one of a small number of
biological control vectors specific to bridal
creeper (see Morin et al. 2006).

The rust fungus was first distributed
to South Australian Animal and Plant
Control Officers and delegates in Au-
gust 2000. In spite of being effective, the
initial method to spread the rust fungus
amongst bridal creeper infestations with
pots of infected plants and cuttings of in-
fected shoots proved to be extremely time

consuming and financially expensive for
paid staff and volunteers, and it was also
taking too long to see positive results.
Once a small area (<1 m?) was inoculated,
it was taking another two or three bridal
creeper growing seasons for rust fungus to
spread several metres from the inoculation
sites into new areas.

A quicker way to spread rust fungus
was investigated. Trials were conducted
in autumn 2003 to test spore water, com-
paring different weights of rust fungus
infected bridal creeper shoots in a specific
volume of rain water. Applications in win-
ter 2003 on the Kingscote coastal foreshore
found that spore water was a quick and
cost effective way to spread rust fungus
across the bridal creeper-infested land-
scape.

From then on, it has been our intention
to spread the word (about spore water)
as well as the rust fungus as far and as
wide as possible across areas of Australia
affected by bridal creeper.

What is spore water?

Spore water is a different way to spread
a biological control. It is made by wash-
ing bridal creeper leaves infected with
rust fungus with rainwater, and adding
this concentrated mix to a clean spray unit
containing rainwater.
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It has proven necessary to always use
rainwater as the chemicals in mains wa-
ter and minerals in bore water would ad-
versely affect the rust fungus spores. It is
necessary to have a clean tank, lines and
spray gun as otherwise residual pesticides
may also adversely affect the rust fungus
spores. Spore water solution also needs to
be kept gently agitated during the spray
operation to keep the spores suspended.

Rust requires humidity as well as mild
temperatures to establish. It was not al-
ways humid when the spore water was
sprayed out, so the spray jet was angled
so that spore water landed into sheltered
and warmer areas.

How to make spore water

A method is given at the web site:
http:/ /www.weeds.org.au/docs/BC_
How_to_make_spore_water.ppt

Advantages of using spore water
Spore water is not an herbicide, uses rain
water and the rust fungus is specific to
bridal creeper. Hence it can be sprayed
over any areas of native vegetation, forests
or orchards infested with bridal creeper
with no off-target damage.

Spore water can be sprayed when the
day is mild or cold, when it is windy or
just breezy, or when misty rain is falling
and even a few hours before rain is ex-
pected. However, weather conditions will
affect the establishment rate of the rust
fungus. Any sized spray unit can be used,
from a hand held two litre pump action
unit a fixed wing crop duster aircraft.

Where was spore water sprayed and
how successful has it been?

On Kangaroo Island, spore water has
been sprayed on over 250 km of roadside
vegetation, farm shelterbelts, coastal verg-
es and other areas where bridal creeper is
growing (Figure 1). Spore water has been



