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Summary   Longitarsus echii was fi rst released in 
Australia in 1996 as a biological control agent for 
Echium plantagineum L. The impact of this insect 
on E. plantagineum has been studied at two sites 
for two years (2002–2003) in the Riverina district 
of NSW. At both sites the population of L. echii has 
been maintained or increased during a period of 
extended drought across eastern Australia. At site 1, 
a replicated grazing trial, the intensity of sheep graz-
ing had no impact on the L. echii population while 
insect numbers were maintained between years. In 
comparison, Mogulones larvatus (another biocontrol 
insect for E. plantagineum) was limited by grazing and 
the population could not be sampled post-drought. At 
the second site, a fi ne wool and cattle producer, the 
population of L. echii has reached a size where 100% 
of E. plantagineum sampled were attacked and 43% of 
plants died before fl owering, and seeding was reduced 
by greater than 80% in the fi rst year. The long-term 
prospects of L. echii as a biological control agent for 
E. plantagineum are discussed in relation to grazing 
and drought conditions. 
Keywords     Biological control,  Echium plantagineum, 
 fl ea beetle,  below ground herbivory,  crown weevil, 
 grazing,  Boraginaceae.

INTRODUCTION
Echium plantagineum L. (Boraginaceae) ( Paterson’s 
curse) is a weed of temperate pastures in Australia, 
dominating a wide range of Mediterranean to con-
tinental climatic conditions (Piggin and Sheppard 
1995). Its climatic range appears wide in Australia 
when compared to the native range, but subtle differ-
ences in rainfall patterns between Australia and the 
Mediterranean in addition to reduced inter-specifi c 
competition in the exotic environment contribute to 
its dominance in Australia (Piggin 1976, Grigulis et 
al. 2001). The wide range of climatic conditions that 
E. plantagineum can dominate could make it diffi cult 
for any one species of insect to limit the vigour of the 
weed. Staff from CSIRO and four State Departments 
of Agriculture (Western Australia, South Australia, 
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New South Wales and Victoria) involved in the re-
distribution project for the biological control of E. 
plantagineum have been releasing the crown weevil 
(Mogulones larvatus Schultze) since 1993, the root 
weevil (Mogulones geographicus Goeze) since 1994 
and the fl ea beetle (Longitarsus echii) since 1996. Fol-
lowing multiple releases of these insects in Australia, 
the success of establishing and damaging their host 
has varied widely across the country. Establishment 
rates, population growth rates and impacts have been 
observed to be lower, especially for M. larvatus, in 
areas of typically late autumn rainfall (Sheppard 
et al. 1999). Part of the reason for this is believed to 
be the limited capacity of M. larvatus to aestivate suc-
cessfully (adult weevil mortality can approach 100%), 
when the summer break can be as long as 6 months, 
i.e. beyond April, which is typical of the autumn break 
in the states of Western and South Australia. 

The in ground mass rearing of L. echii at the four 
state agency research stations has shown adults are 
most abundant in winter and early spring, a suitable 
time to become active in regions of late seasonal 
breaks. One of the concerns with L. echii as an ef-
fective biological control insect was that, even if it 
did emerge in large numbers after summer, would 
subsequent larval feeding in late winter and spring 
reduce E. plantagineum size and seed production? 
A replicated fi eld trial confi rmed the ability of L. echii 
to successfully limit the growth and seeding of E. plan-
tagineum (Smyth and Sheppard 2002). But under fi eld 
conditions what role does grazing and drought play 
on the population of L. echii? The infl uence of these 
two factors will be crucial to the long-term success of 
L. echii in limiting the dominance of E. plantagineum 
in grazing enterprises.

To test the infl uence of fi eld conditions on L. echii, 
two study sites were set up to follow the population 
growth of L. echii through time and between grazing 
treatments. The ability of L. echii to tolerate fi eld and 
seasonal conditions will be vital to the long-term 
success of this insect in reducing the dominance of 
E. plantagineum in regions where it is a major weed.
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MATERIALS AND METHODS
The study sites are located in the Riverina of New South 
Wales (NSW). The fi rst site is at the NSW Agriculture, 
Agricultural Institute, Yanco (34.37°S, 146.26°E). It 
is a paddock 4.5 ha in size and continually grazed 
by wethers at 3–4 DSE ha-1 depending on the avail-
ability of feed. The pasture was badly degraded and 
dominated (in decreasing order) by E. plantagineum, 
Arctotheca calendula (L.) Levyns, annual grasses 
(Lolium rigidium Gaud., Bromus hordaceaus L. and 
Vulpia spp.) and Trifolium subterraneum L. The rain-
fall of Yanco is distributed throughout the year and 
averages 433 mm annually. The second site, 10 km 
south east of Tarcutta, was a sheep and cattle grazing 
property (35.21°S, 147.43°E). The study site is a pad-
dock 50 ha in size and is continually grazed by cattle at 
6–8 DSE ha-1 depending on the availability of feed. The 
pasture has been improved and is dominated (in de-
creasing order) by E. plantagineum, Phalaris aquatica 
L., T. subterraneum, B. hordaceaus and Vulpia spp. 
The rainfall of Tarcutta is distributed throughout the 
year and averages 700 mm annually.

At Yanco a randomised block experiment was con-
ducted within the grazing experiment and was started 
in 2000. There were four treatments replicated in fi ve 
blocks. Each replicate was 10 by 15 m in size, fenced 
with a gate to exclude or allow stock access. The four 
treatments followed were as follows.
1. No grazing. Stock excluded at all times (2000–

2004).
2. Continuous grazing. Stock allowed access at all 

times (2000–2002).
3. Continuous grazing + spray grazing. A sub lethal 

dose of MCPA (at a rate of 0.7 kg a.i. ha-1) applied 
in May and two weeks later three wethers per rep-
licate added for two days (2000 and 2001).

4. Continuous grazing + autumn spell. Stock ex-
cluded from March to June (2000–2002).

Treatments 2–4 were abandoned in 2003 due to high 
levels of E. plantagineum (>80% biomass) to protect 
stock health. At Tarcutta the site was treated according 
to the normal management employed by the farmer. 

Biology of L. echii   L. echii is a halticine beetle native 
to the Mediterranean regions of southern Europe and 
North Africa. L. echii is univoltine and adults emerge in 
winter after rain from earthen cells up to 20 cm below 
ground. Adults feed on the foliage of E. plantagineum 
and after one-two weeks lay eggs directly on the taproot 
of the plant. Larvae hatch after two-three weeks and 
feed in the cortex of the taproot and secondary roots. 
If there are suffi cient larvae on a plant the entire root 
system will be destroyed and feeding can continue into 
the crown and bolting stem, killing the plant. When 

feeding is complete larvae leave the plant, form an 
earthen cell in the soil and pupate. Adults remain in 
the earthen cell until autumn rain stimulates them to 
emerge and start a new generation in the following 
autumn/winter (for more information see Wapshere 
1982 and Smyth and Sheppard 2002).

Two hundred and forty L. echii adults were 
released at Tarcutta in August 1996 and 1000 were 
released at Yanco (50 per replicate) in July 2000. In ad-
dition, M. larvatus had been released in 1993 at Yanco 
in an adjoining irrigated paddock and had since moved 
into the grazing trial paddock. At Yanco the population 
of M. larvatus was monitored to allow comparisons 
between species of biological control agent.

Sampling for M. larvatus and L. echii occurred 
in July and October respectively in 2001, 2002 and 
2003 at Yanco. At Tarcutta sampling occurred in 
October (2002) and November (2003). Sampling at 
Yanco involved 5–10 random quadrats (0.0625 m2 or 
0.25 m2) in each replicate, number of E. plantagineum 
counted and the presence of insects noted. For L. echii 
two plants in each quadrat were destructively sampled 
and dissected in the laboratory and larval counts of 
L. echii made. For M. larvatus no plant dissections 
were done, as plant size was small, limiting successful 
development of larvae to low levels. For Tarcutta 20 
random quadrats were sampled and the number of E. 
plantagineum counted and presence of insects noted. 
Two to three plants in each quadrat were destructively 
sampled and dissected in the laboratory and larval 
counts of L. echii made.

All data has been transformed (log10) to normal-
ise variance. Difference between treatments and years 
were tested using ANOVA and student’s T-test. Means 
presented in fi gures and tables have been back trans-
formed for easy interpretation of the results.

RESULTS
The populations of L. echii and M. larvatus respond 
differently to the impacts of grazing (Figure 1). M. 
larvatus is sensitive to any grazing treatment with a 
95% reduction in larval numbers between ungrazed 
and continually grazed treatments (F(3, 15), P <0.01). 
The numbers of L. echii are not affected by grazing, 
except when it is used in conjunction with a herbi-
cide (spray-graze treatment) to kill E. plantagineum 
(F(3, 15), P <0.01).

Table 1 shows the insect population through time 
at Yanco. The population of M. larvatus was very large 
in 2001, enough to start killing rosettes of E. plantagi-
neum. In 2002 and through to 2003 the population of 
M. larvatus declined markedly (Table 1 and 2). The 
population of L. echii has increased over this time 
(only released in 2000) and even between 2002–03 
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the population was maintained (no signifi cant differ-
ence between years).

At Tarcutta, the population size and attack rate of L. 
echii has steadily increased through time (Figure 2).

At Tarcutta in 2002, the population of L. echii 
relative to E. plantagineum resulted in many larvae per 
plant (Figure 3). By the time of sampling, 43% of E. 
plantagineum had died before setting seed. In 2003 the 
population of E. plantagineum increased 10 fold and 
no plant mortality due to L. echii was recorded.

DISCUSSION
The ability of L. echii to tolerate seasonal conditions 
and farm management practices has been confi rmed 
at these two study sites. Even under extreme drought 
conditions from late 2001–2002 the population of L. 
echii was maintained at Yanco while at Tarcutta (where 
rainfall and growing conditions were marginally bet-
ter) it increased by 50% (Table 1, 2 and Figure 1). Even 
continuous grazing by sheep at Yanco had no negative 
effect on the population of L. echii (Figures 1 and 2). 
This is particularly noteworthy at Yanco where L. echii 
has been recently released and the population is still 
small, a time when it is most vulnerable to destructive 
events. The ability of L. echii to spend the majority of 
its lifecycle below ground, away from hungry mouths 
and trampling hooves, and lie dormant well into winter 
gives it the best chance of tolerating severe climatic 
and grazing conditions. In contrast, a well-established 
population of almost 90 M. larvatus m-2 in 2001 could 
not be recorded in 2003; even after over 1000 plants 
were sampled (Table 1). The dry conditions of 2002 
(Table 2), particularly in the autumn, when M. larvatus 
becomes active after aestivation, resulted in the ma-
jority of adults dying because of a lack of the weed. 
Larval progeny of the surviving M. larvatus adults, 
that feed in the rosette aboveground, then suffered 
further high mortality due to heavy grazing because 
of a lack of feed (Figure 1). Under these conditions 
M. larvatus cannot reach a population size that limits 
the dominance of E. plantagineum.

Table 1.   Population change of M. larvatus and L. 
echii (mean larvae m-2) at Yanco.

2001 2002 2003

M. larvatus 89.1 2.07 0

L. echii ns* 3.22 2.44

All treatments combined to give population estimate.
ns – not sampled.

Figure 2.   Population size and attack rate of L. echii 
on E. plantagineum, Tarcutta NSW.

Figure 3.   Population of E. plantagineum and L. echii 
per plant, Tarcutta 2002. 

Figure 1.   The effect of grazing on the population of 
L. echii and M. larvatus at Yanco, 2002.
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Table 2.   Annual rainfall (mm) at Yanco and Tarcutta.

2001 2002 2003

Yanco 393 240 460

Tarcutta 524 406 513

Source: Bureau of Meteorology.
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At Tarcutta in 2002 the population of L. echii 
reached a level where it killed over 40% of the E. 
plantagineum before setting seed (Figure 3). The 
timing of the larval damage and subsequent plant 
death was very similar to a previous fi eld experiment 
to quantify the likely impact L. echii may have on 
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E. plantagineum (Smyth and Sheppard 2002). The 
plants that survived L. echii attack had a high level 
of larvae per plant, enough to visibly destroy pri-
mary fl owering shoots. Based on the amount of plant 
material a very similar root feeding insect larva (M. 
geographicus) consumes, the rate of L. echii attack on 
the surviving plants was estimated to reduce plant size 
and therefore seeding by 40% (Sheppard et al. 2001, 
Swirepik and Smyth 2003). The estimate of reduction 
in plant size is a conservative one because the larval 
feeding experiment was conducted on well watered and 
fertilized plants grown without plant competition or 
grazing. The total reduction in E. plantagineum seed-
ing (plant death + reduction in plant size), is estimated 
to be between 80–90%, suffi cient to reduce the weed 
seed bank to a level that limits plant recruitment in the 
long term (Smyth et al. 1997).

At Tarcutta in 2003, even though the numbers of 
L. echii increased by 50%, there was no mortality of 
E. plantagineum that year. In 2003, good March rain 
post-drought led to successful weed recruitment result-
ing in an order of magnitude increase in biomass of 
E. plantagineum (unpublished data) and subsequent 
lower rates of attack (eight fold decrease between 
years). The large population of L. echii and better 
seasonal conditions should see a return to attack 
levels recorded in 2002 in future seasons. 

The variation in L. echii impact on E. plantagi-
neum between years highlights the seasonal nature of 
biological control, particularly post-drought when an-
nual weeds recruit successfully due to their long-lived 
seed banks (Sheppard and Smyth 2002), beyond the 
reproductive capacity of a univoltine insect to respond 
in a single season. The persistence of L. echii through 
drought and grazing in the long-term indicates the 
successful biological control across the distribution of 
E. plantagineum remains a strong possibility.
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