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Abstract   The biological control program against
Paterson’s curse (Echium plantagineum) has success-
fully released and established six insect biological con-
trol agents. The moth Dialectica scalariella only oc-
casionally causes heavy damage contributing little to
control. The crown weevil Mogulones larvatus has
been released throughout Australia and is by far the
most promising agent at this stage, though populations
of the other agents have yet to build up to the levels
where their general impact can be assessed.  In this
paper the impact of M. larvatus at the most successful
release sites is detailed.

INTRODUCTION

Six biological control agents have been established in
Australia against Paterson’s curse. These are a leaf
mining moth (Dialectica scalariella), two rosette- and
root-feeding weevils (Mogulones larvatus and M.
geographicus), a stem-boring beetle (Phytoecia
coerulescens), a root-feeding flea beetle (Longitarsus
echii), and an inflorescence-feeding beetle (Meligethes
planiusculus). The likely impact of all agents has been
assessed using a field experiment per agent species,
into which agents were released at natural field densi-
ties found in the native range under natural field con-
ditions. These experiments found no impact of either
D. scalariella or P. coerulescens on any aspect of plant
fitness (CSIRO 1998). M. larvatus caused 45-70% loss
of above-ground weed biomass and 64-96% loss to
seed production. M. geographicus caused between
24-53% loss in both weed biomass and seed produc-
tion (CSIRO 1998), M. planiusculus caused 65% loss
of developing seeds (Swirepik et al. 1996) and L. echii
caused a 62% reduction in weed biomass and 75% re-
duction on seed number when acting together with
competitive pasture on the weed (M. Smyth and A.
Sheppard unpublished data).

Achieving these levels of impact in natural weed in-
festations has yet to be observed for most agents, as so
far only D. scalariella and M. larvatus have achieved
population densities in the field sufficient to have any
impact on the weed.

D. scalariella now occurs throughout the distribution
of the weed in Australia, but peak damage occurs in
summer when the weed occurs as late-flowering infes-
tations or summer germinated rosettes. Only the occa-
sional locality, in areas with hot and dry spring to sum-
mer conditions and summer rains to stimulate a sum-
mer cohort of rosettes, has ever experienced high lev-
els of damage. Three such sites where plant mortality
prior to seed production was assessed are given in Ta-
ble 1. Other factors such as availability of alternative
native food plants in dry summers and the size of base-
line moth populations in spring may also be also im-
portant.

Table 1. Sites where high levels of D. scalariella dam-
age have been observed (CSIRO 1998).

Site Habitat Plant mortality
(% rosette mined)

Gulgong NSW roadside ≥30%
(Nov 1990) (80%)

Parks NSW sheep pasture ≥95%
(Feb 1993) (100%)

Cowra NSW horse pasture ≥95%
(May 1993) (100%)

M. larvatus has now been released at over 800 sites,
however establishment has been generally poor. Five
sites where establishment has been achieved have been
monitored now for four years including a site near
Yanco (NSW) where M. larvatus has so far had the
greatest impact. The remainder of this paper detail the
impacts measured at these sites.

METHODS

Mogulones larvatus This weevil has 3 larval instars
and one generation per year. In autumn adults mate
and begin to lay eggs in the leaf stalks of Paterson’s
curse, usually causing gall-like swellings. The eggs
begin to hatch after about one week (at 12-20°C). The
first instar larvae mine down the leafstalk into the root
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crown, by which time they have reached second instar.
When larval development is complete, third instar lar-
vae tunnel out of the crown into the soil (within a few
centimetres of the plant), and form an earthen pupal
cell before pupating. New adults emerge in spring-early
summer to feed on flowering hosts before aestivating
oversummer. Decreasing autumn day length and rain-
fall induces the aestivating adults to feed and become
reproductive, at which time germination of Paterson’s
curse should be, thus completing the annual cycle.

Site descriptions   All sample plots varied in size from
half to one hectare. The site at Yanco consisted of a
weed infestation within an organic orchard, which was
ungrazed, but irrigated. A site at Canberra consisted
of an ungrazed infestation managed to encourage the
weed within the grounds of CSIRO Entomology. The
last three sites were within ungrazed enclosures in live-
stock grazed high rainfall pasture. At Jugiong (NSW)
the pasture was mainly used for sheep, at Braidwood
(NSW) it was mainly used for cattle and horses, while
at Tarcutta (NSW) only cattle normally grazed the prop-
erty.

Low-level monitoring (level 2)   From 1994/95 (the
year following or soon after release of 50 to 100 adults)
to 1997/98 each site was visited once each year at the
time of peak larval activity and impact between July
and September. The impact was assessed by marking
the area over which significant weevil attack was ob-
served (≤2,500 m2) and then randomly sampling 50
plants within that area to assess the percent of plants
attacked and to look for signs that plants have died as
a result of attack.

Detailed monitoring (level 1: Yanco only)   From
1995/96 to 1998/9, in June or July, random 0.0625 m2

quadrats were taken in two transects of ten quadrats
along two rows between the fruit trees in the orchard
nearest to the release point (50 m away). At this time
numbers of M. larvatus egg and larvae were at a peak.
In each quadrat the number of unattacked, attacked-
but-alive, and attacked-but-dead plants was recorded.
All plants were removed from the quadrats and returned
to the laboratory.

In the laboratory, the number of eggs and larvae were
recorded on each plant and plant size was measured
(as taproot diameter just below the join between root
and shoot).

RESULTS AND DISCUSSION

Low-level monitoring  Attack rates of M. larvatus at
all 5 sites are given in Table 2. At Yanco and Can-
berra, but not at the other three sites, plants died as a
result of attack from M. larvatus. This is also a very
rare occurrence in the native range.

Attack rates increased through the first three years of
sampling and then stabilised at most of the sites. At-
tack disappeared from the sample area at Tarcutta, de-
spite the weed being present each year.  Damage at the
Yanco site has been exceptional, however, increasing
dramatically between years. Indeed in 1998/99, when
monitoring was only continued at Yanco, the entire
plant population was killed prior to seed set.

Table 2. Attack rates of M. larvatus at NSW/ACT re-
lease sites 1994/95 to 1997/98 (nf = not found).

Site % rosettes attacked (% dead)

94/95 95/96 96/97 97/98

Braidwood 0.4 0.4 8 4

Jugiong 1 1.5 6 6

Tarcutta 1.4 1.6 5 0

Canberra 6 9 (4) 42 (13) 61 (19)

Yanco nf 9 (2) 35 (10) 70 (46)

Detailed monitoring (Yanco only) The result of the
June/July sample at Yanco in each of the four years
are given in Table 3. Peak plant attack rates had not
been achieved at this time, as egg-laying adults were
still present at the site. However, the weevil attack level
(i.e. eggs+larvae plant-1) was at a peak, because subse-
quent oviposition was more than compensated by a
greater number of mature larvae leaving plants to pu-
pate. As attack at this time had not drastically con-
sumed the plant material available, plant size could be
used to estimate the weed resource available to the
weevil in each year.
While the June attack rate did not appear to increase
dramatically between years, plant density jumped 10
fold between 96/97 and 97/98 due to between year
variation in weed recruitment. At these higher densi-
ties plants were smaller as shown by a decrease in root
crown diameter. Nonetheless the number of eggs plus
larvae per plant continued to increase between years
and the weevil population increased 5 fold between
year 1 and 2 and again between year 2 and 3. A reduc-
tion in the weevil population rate of increase (to 1.4
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fold) is evident in the final between year transition,
but the weevil population in that last year (1998/99)
went on to kill all plants at the site (data not shown)
thus fully exploiting the available weed. Such declines
in the rate of population increase (r) will result from
both increased larval competition and density depend-
ent adult dispersal.

Table 3. Plant and M. larvatus parameters measured
at Yanco in the 4,500 m2 orchard sampled.

Parameter Year
95/96 96/97 97/98 98/99

Plant density 69 73 636 333
(m-2)

Root crown 6.1 4.1 2.0 1.8
diameter (mm)

Plant attack rate (%) 44 35 39 55

Eggs+larvae 0.22 0.95 0.61 1.4
(plant-1)

Eggs+larvae (m-2) 15 69 343 466

Weevil population 0.069 0.312 1.542 2.097
(millions)

The estimated total weevil population in the orchard
was based on the total number of eggs and larvae
counted in June. This estimate therefore assumes no
larval competition, but also fails to take into account
eggs laid after June (which may be as much 50% of
the total egg production for adult weevils, CSIRO
1998). Although crude, these estimates did roughly
correspond to the density of adult weevils found per
square metre in the orchard in November each year
when fresh, new generation adults were harvested for
redistribution.

Weevil attack patterns   Data from Yanco allowed
analysis of how weevil attack responds to plant size
and density.

Regression analysis of root crown diameter (x) against
the number of weevils eggs and larvae per unit root
diameter (y) gave a relationship that was weak (N =
554, R2 = 0.01, p = 0.032) due to large variation in y
(mean ± SD : 0.35 ± 0.56) with a slight positive slope
(y = 0.03x + 0.28) and no effect of year. While large
plants were not more heavily exploited than small
plants per unit root size, this was probably the result
of a poor capacity of the weevils to judge the remain-
ing unexploited root resources. Observations indicated
that the high variation in the attack level allowed small

plants a good chance of escaping when attack rate was
low. This is a feature that could reduce the efficiency
of M. larvatus as a biological control agent, but rarely
accommodated in biocontrol simulations (e.g. Lonsdale
et al. 1995).

Analysis of the effect of plant density on weevil attack
level appeared inconclusive. In 1996 there was no re-
lationship, 1997 data gave a significant negative rela-
tionship (R2 = 0.58, p <0.01), while the 1998 data gave
a significantly positive relationship (R2 = 0.57, p<0.05).
This may reflect changes in the weevil population re-
sponse to host density as it expands in size and density
itself, in which case we would expect the last meas-
urement, i.e. a positive response to host density to per-
sist in subsequent years.

CONCLUSIONS

Data collected from release sites of M. larvatus, the
most successful biological control agent on Paterson’s
curse so far, are both encouraging and disappointing.
At one site the weevil was capable of rapidly increas-
ing in population density sufficient to kill the entire
weed population present in the 6th year, although most
other sites failed to show this behaviour. At least other
States are now reporting sites which are showing sig-
nificant damage from weevils five years after release,
including some lightly grazed pasture sites in Victoria
and South Australia.

Even when highly destructive weevil population den-
sities are achieved, however, our data suggest the wee-
vils do not consistently respond to variation in plant
size and density in a manner that will lead to
stabilisation of weed populations. Further evaluation
is needed to confirm this. There is little clear evidence
as to what environmental conditions will lead to high
weevil densities and impact, but they must allow the
weevils to achieve high per capita reproductive succes.
This is likely to occur when there is good synchrony
between weed availability and reproducing adult
agents. Ensuring this, together with protection of adults
and offspring from livestock during development
(Smyth and Sheppard 1996), are likely to be key man-
agement options for M. larvatus.
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