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Summary   Bridal creeper, Asparagus asparagoides 
(L.) W.Wight, is a signifi cant environmental weed in 
southern Australia. Three biological control agents have 
been released against bridal creeper. The most recently 
released biocontrol agent, a leaf beetle (Crioceris sp.), 
may have establishment problems due to predation by 
resident ant species in Australian ecosystems. A fi eld 
experiment was conducted to evaluate the impact of 
ants on Crioceris sp. Adult beetles were released into 
one of four treatment plots and the success of their 
progeny was tracked. Three of the plots were baited for 
ants while the fourth was left as an untreated control. 
In one of the baited plots, adults were also released 
into exclusion cages. Larval and pupal numbers were 
considerably higher in sites where adults were placed 
within exclusion cages than in the other treatments 
suggesting that predation of the larvae and pupae did 
occur. However, ant baiting did not signifi cantly reduce 
the predation of larvae. Therefore, the observed preda-
tion levels were likely to be associated with a guild of 
natural enemies (e.g. spiders, birds, fungal diseases, 
parasitoids) rather than predatory ant species. Recom-
mendations for future releases are given. 
Keywords    Crioceris sp.,  Asparagus asparagoides, 
 leaf beetle,  bridal creeper,  ants,  predation.

INTRODUCTION
Bridal creeper, Asparagus asparagoides (L.) W.Wight, 
was intentionally introduced from South Africa and 
has become an environmental weed across southern 
Australia within a wide range of ecosystems (Raymond 
1995). Its ability to establish in relatively undisturbed 
vegetation threatens the conservation of native fl ora 
and associated fauna and it has been listed as a Weed 
of National Signifi cance in Australia (Batchelor and 
Woodburn 2002). A biological control program was 
initiated in the early 1990s, which has resulted in the 
release of three biocontrol agents into Australia. The 
establishment of the most recently released species, 
Crioceris sp. (Coleoptera: Chrysomelidae), could be 
hampered by the presence of predatory ants within 
Australian ecosystems.

Crioceris sp. has slow, soft-bodied larvae that exter-
nally feed on young A. asparagoides phylloclades. This 
makes them vulnerable to a range of natural enemies, 
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such as ants, parasitoids, spiders and birds. There is a 
particular concern about the impact of carnivorous ant 
species on Crioceris sp. establishment, because ants are 
very abundant in Australia (Shattuck 1999). They strip 
eggs and larvae off foliage (Way et al. 1989), as well as 
scavenging prepupae and dislodged larvae on the forest 
fl oor (Weseloh 1989). As forest ecosystems generally 
contain a diverse range of arboreal and litter foraging 
ant species (Berryman 1986), they can potentially prey 
on Crioceris sp. at several different life stages if defence 
mechanisms of the leaf beetle are ineffective. 

Crioceris sp. beetles are labour intensive to rear, 
which means only small populations can be produced 
for release (<1000 individuals). These numbers are gen-
erally perceived as being too low for a population to 
establish under heavy predation. Consequently, the use 
of ant baits at release sites may reduce the pressure on 
Crioceris sp. populations and aid their establishment.

It is expected that ants will signifi cantly reduce 
numbers of Crioceris sp. larvae and pupae, thereby 
lowering establishment chances. To determine this, 
800 Crioceris sp. adults were released into two bait-
ing treatments that target carnivorous ants (single and 
continuous baiting), one exclusion treatment that pre-
vented the entry of all natural enemies (ants, spiders, 
parasitoids, birds etc.), and one control treatment that 
exposed Crioceris sp. to all environmental factors. If 
predation by ants exists, it is expected that Crioceris 
sp. populations will decrease across treatments in the 
following order: exclusion, continuous baiting, sin-
gle baiting and control. Results from this experiment 
should elucidate if ants or predation in general will 
have an effect on Crioceris sp. establishment.

MATERIALS AND METHODS
Study site   The experimental fi eld sites were located 
amongst bushland at Woodman Point Recreational 
Park, approximately 20 km south of Perth (Western 
Australia). Asparagus asparagoides is the dominant 
understorey vegetation and has established thick tuber 
mats across much of the landscape. The native vegeta-
tion is primarily Acacia woodlands and heaths.

Experimental setup   Four 10 × 10 m quadrats were 
selected. Each quadrat was assigned one of four 
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treatments: 1) single baiting, 2) continuous baiting, 
3) exclusion, and 4) control. The quadrats were 25–30 
m apart. 

Sampling for natural enemies   Prior to applying the 
treatments, each quadrat was surveyed to determine the 
types of ant species present. Twenty-fi ve pitfall traps 
each containing 15 mL of 50:50 (v:v) alcohol-glycerol 
mixture were installed within each quadrat. After a 
seven day sampling period, invertebrates collected in 
the traps were identifi ed. A binomial key in Shattuck 
(1999) was used to identify the ants.

Experimental protocol   Adult Crioceris beetles used 
in the study were reared on bridal creeper at the CSIRO 
Floreat Laboratories. Adults were manually removed 
from their pupal cases using forceps, sexed, placed 
into groups of 10 males and 10 females in Petri dishes 
and were released at the study site within two hours 
of dissection. Each quadrat contained 10 randomly 
selected release sites (1 m2) where 10 male and 10 
female Crioceris sp. adults were placed directly onto 
bridal creeper foliage.

Baiting treatments   One week prior to Crioceris 
sp. release, the single baiting, continuous baiting and 
exclusion quadrats were each exposed to poisonous 
bait targeting ants. The bait comprised of 97% hy-
dramethylnon, the active ingredient in the commercial 
ant bait Amdro®, dissolved in a small quantity of ethyl 
acetate then mixed with canned tuna (in canola oil to 
reduce desiccation) in a 1:100 g ratio. 

Ten grams of bait were placed in specialised bait 
containers (to limit access of birds and reptiles) lined 
with opaque contact paper (to reduce degradation of the 
bait by UV light). In the single baiting treatment baits 
were placed only once. The baits were replenished each 
week in the continuous baiting treatment. After the ini-
tial baiting period adult beetles were released at 10 sites 
in both the single and continuous baiting treatments. 

Exclusion treatment   In addition to the pre-re-
lease baiting, the exclusion treatment comprised of 10 
tents (~1 m3) that enclosed the 20 adult beetles released 
at each site. The tents were made out of a fi ne nylon 
mesh material (Virusmesh®) supported by two 5 mm 
galvanised iron rods. Sides of tents were dug 20 cm 
under ground to prevent entry of any ground foraging 
and/or burrowing predators. The tuna baits were also 
placed within each tent.

Control   Twenty adult beetles were released into 
the centre of each of the ten release sites. No baits 
were placed. 

Larval counts   Shortly after release of adult beetles 
the foliage was examined for the presence of eggs. The 

density of foliage and the small size of the eggs made 
it diffi cult to accurately assess the numbers, therefore 
the fi rst measurements were made on 4th instar larvae. 
Over a 10 day period the larvae were counted within 
the 1 m2 release site. Counts occurred every two days 
until no more 4th instar larvae were seen within each 
release site. The two days left between counts were 
assumed to give the 4th instar larvae enough time to 
pupate, lowering the chance of double counting. 

Pupal counts   Two weeks after the last sighting of the 
4th instars, all the leaf litter and topsoil (2–5 cm) was 
collected from each 1 m2 plot within the quadrat, and 
stored in large plastic bags (i.e. 10 bags per quadrat). 
The contents were then poured through a two-sieve 
system (3.5 mm sieve over a 2.2 mm sieve) that was 
fi tted into a shaking machine. All leaf litter and bark 
collected was also examined for pupal cases. Pupal 
cases were dissected to determine the mortality rates 
and parasitism levels.

Statistics   An unbalanced one-way ANOVA (GenStat 
6.1) was used to determine the infl uence of treatment 
on the number of 4th instar larvae and pupae. Three 
of the exclusion sites did not yield adequate amounts 
of A. asparagoides to support larval development and 
were removed from the analysis. Another unbalanced 
one-way ANOVA (GenStat 6.1) was used to determine 
whether the average difference between the number of 
larvae and the number of pupae was affected by the 
treatments. All pairwise comparisons were made using 
Fishers unprotected LSD test (GenStat 6.1). Correlation 
analysis was performed to determine the relationship 
between larval and pupal numbers in each sample. 

RESULTS
Natural enemy survey results   A diverse range of 
invertebrate fauna was sampled from the pitfall traps. 
The most abundant insects captured were ants (Hy-
menoptera: Formicidae) with 513 specimens. Other 
common invertebrates (# in brackets) included scor-
pions (53), centipedes (11), earwigs (152), wasps (5), 
beetles (22) and spiders (36).

A total of 25 ant species from 18 genera were 
collected from the quadrats. Twelve of the genera 
were generalist species, nine of which are likely to be 
predators of Crioceris sp. eggs, larvae or prepupae 
(Table 1). Another two genera, Monomorium and Mer-
anoplus, are comprised of scavenger species that may 
opportunistically prey on Crioceris sp. beetles. Four 
genera were predominantly herbaceous, Anillomyrma, 
Solenopsis, Calomyrmex, and Prolasius, and no direct 
threat to Crioceris sp. establishment. Each quadrat 
contained a total of 11 genera of ants, and the number 
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of individuals ranged widely from 75 to 203.

Larval and pupal counts   The number of larvae 
found at each release site was affected by treatment 
(F3,33 = 4.16, P = 0.013). The exclusion treatment had 
signifi cantly higher 4th instar larval counts than the 
control and continuous baiting treatments, but was not 
different to single baiting (Figure 1).

The number of pupae found at each release site 
was also affected by treatment (F3,33 = 4.78, P = 0.007) 
(Figure 1). Exclusion tents retained signifi cantly more 
pupae than all other treatments (Figure 1). The number 
of pupae within the control, single baiting and continu-
ous baiting treatments was not different. 

Comparison of larval and pupal numbers   Pupal 
numbers were lower than larval numbers in all treat-
ments (Figure 1). The average difference between the 
number of larvae and the number of pupae in each 
release site was affected by treatment (F3,33 = 4.35, 
P = 0.011). More larvae survived to pupation in the 
control (69%), continuous (75%) and exclusion (88%) 
treatments than the single baiting treatment (54%), in 
which there was a much greater difference between 
the number of larvae and pupae (Figure 1). 

There was a strong positive relationship between lar-
vae and pupae within exclusion treatments (slope = 1.06, 
r2 = 0.97, F1,5 = 204.09, P <0.001). There was a moderate 
relationship between the larvae and pupae within the 
control (slope = 0.89, r2 = 0.54, F1,8 = 11.64, P = 0.009) 
and continuous treatments (slope= 0.99, r2 = 0.53, F1,8 = 
11.4, P = 0.01). The single baiting treatment appeared 
to not show any relationship between larvae and pupae 
(slope = 0.32, r2 = 0.18, F1,8 = 3.03, P = 0.12). 

Pupal case dissection results   There was a total of 
1131 Crioceris sp. pupae collected from the release 
sites, which is approximately 70% of the total number 
of larvae sighted. The collection and dissection proc-
ess lasted for 56 days (between 28th May and 30th 
July), and 503 (45%) adults had already emerged from 
their pupal cocoons. Many of these adults escaped 
uncounted, either from prior emergence to collection or 
exiting the storage bags when in the laboratory. There 
were 431 (38%) healthy Crioceris sp. found from the 
collected leaf litter.

The dissection of the cases found 197 (17%) of 
pupae unable to complete development. Dead pupal 
cases were mostly full of mycelia (mainly white and or-
ange). It was diffi cult to determine whether pupae died 
due to the pathogens, or if the pathogens infected the 
pupae after pupal death. Additionally, two of the pupae 
contained fi ve empty parasitoid pupal cases. Identifi ca-
tion of the parasitoid species was not possible.

DISCUSSION
We expected a trend that larval and pupal counts would 
be highest in the exclusion treatment followed by the 
continuous baiting, then single baiting and fi nally con-
trol treatments. Crioceris sp. populations within exclu-
sion tents did have higher larval and pupal numbers 
than the continuous baiting and control treatments, 
demonstrating that mortality increases if Crioceris 
sp. are not fully protected from natural enemies. The 
high survival and strong correlation of the larvae and 
pupae in the cages also confi rms that Crioceris sp. 
can successfully complete development in Australian 
ecosystems if they are free of natural enemies. On the 
other hand, the larvae in the fi eld cages had no chance 
to disperse amongst bridal creeper plants outside the 
release plots. This ensured all larvae fed and pupated 
within the prescribed fi eld cage area (1 m2). Whereas, 
the larvae from the other plots were not only exposed 
to all natural enemies but they could move outside the 
range of the experimental area to pupate, potentially 
escaping the collection process. Further fi eld studies 

Table 1.   The ant genera (under subfamily) collected 
in pitfall traps classifi ed according to foraging habit 
(after Shattuck 1999). 

Myrmeciinae Ponerinae Formicinae

Myrmecia Rytidoponera Camponotus

Myrmicinae Heteroponera Melophorus

Crematogaster Pachycondyla Polyrachis

Pheidole Leptogenys Stigmacros

Dolichoderinae

Iridomyrmex

Figure 1.   The mean (± SEM) number of 4th instar 
larvae (light columns) and pupal cases (dark columns) 
recorded at each release site when exposed to different 
treatments. Different letters above each mean indicate 
a statistically signifi cant difference at α <0.05. (Up-
per case letters for larval comparisons and lower case 
letters for pupal comparisons.)
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associated with the dispersal of Crioceris sp. are 
needed to verify the rate and how far larvae disperse 
from the release site to pupate. 

The results suggest that predatory ants did not 
greatly affect Crioceris sp. larvae and pupae within the 
quadrats at Woodman Point, as the baiting and control 
treatments produced similar numbers of Crioceris sp. 
pupae. Therefore, other natural enemies, besides ants, 
could infl uence Crioceris sp. establishment. This was 
not an expected result, especially when at least nine 
predaceous ant species were collected during the 
sampling exercise. 

Ants may not have been adequately targeted by 
ground baits. Baits that target carnivorous arboreal ants 
could have also been benefi cial for this experiment. 
For example, a large arboreal nest of Crematogaster 
spp. (generalist ant species) was present within the 
continuous baiting treatment throughout the experi-
mental period. This Crematogaster nest had a trail on 
A. asparagoides foliage that directly travelled through 
two Crioceris sp. release sites. At these sites, larvae 
and pupae numbers were lower when compared to 
other sites in the quadrat. 

Pupal numbers were consistently lower than larval 
numbers in all four treatments. This suggests that lar-
vae may be preyed upon once in the leaf litter. Natural 
defences of Crioceris sp. larvae may have protected 
them from ants and to some degree the other preda-
tors. Leaf beetles, such as Crioceris sp., are known to 
have the ability to naturally deter ant predators through 
defensive responses such as feigning death and enteric 
discharges (Pasteels et al. 1988, Syrett et al. 1996, Witt 
and Edwards 2002). Such defences could explain the 
difference between the number of larvae and pupae 
found at each site as the pupae would be unable to de-
fend themselves and thus be more heavily predated. The 
greater losses of pupae in the single baiting treatment 
might also be accounted for by increased predation 
of defenceless pupae as the ant colonies may have re-
bounded after the one time baiting. Further behavioural 
studies with larvae and predatory ant species would be 
useful to decipher whether enteric discharges are an 
adequate defence mechanism.

At this point, the level of parasitism we detected is 
a minimal threat to Crioceris sp. establishment. 

The following recommendations are made for 
future releases of Crioceris sp.
A. Initial releases of Crioceris sp. beetles could be 

made in large fi eld cages to protect eggs and larvae 
from predators and parasitoids. 

B. Populations of Crioceris sp. should be monitored 
to determine the rate of attack by pathogens and 
parasitoids. If the rates of attack increase, future 
releases should be moved to other areas.
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