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Interactions between the gorse seed weevil 
(Exapion ulicis) and the gorse pod moth 

(Cydia succedana) explored by insecticide  
exclusion in Canterbury, New Zealand

A. Hugh Gourlay, Trevor R. Partridge and Richard L. Hill1

Summary

The outstanding invasive ability of gorse is strongly related to its large and persistent seed bank. A
study of gorse seed predation in England (Hill 1982) suggested that the seasonal abundance of Cydia
succedana larvae in gorse pods peaked 3 weeks later than that of Exapion ulicis and the frequency of
co-occurrence in pods was low. It was predicted from this study that the introduction of C. succedana
to New Zealand in 1992 would not significantly displace E. ulicis, and that the combined seed predation
by these two agents in spring would be complementary rather than strongly competitive. 

To test the accuracy of this predicted outcome, the direct interactions between larvae of these two seed-
feeding insects were examined using an insecticide exclusion experiment. Mimic® 70W removed C.
succedana, but not E. ulicis from spring-produced gorse seedpods. The amount of seed attacked by E. ulicis
in the absence of C. succedana was measured and compared to the percentage of spring seed attacked by
both insects. The combined effects of the two agents was shown to be greater than either alone.

Keywords: biological control, Mavrik Aquaflow, Mimic 70W, suppression, Ulex 
europaeus.

Introduction
The weedy, leafless, spiny shrub, gorse (Ulex euro-
paeus L.), was introduced into New Zealand early in the
19th century as a hedge plant (Bascand 1973, Gaynor &
MacCarter 1981). However, it has spread into many
other habitats, and today is a major weed of hill country
(Blaschke et al. 1981, Bascand & Jowett 1982, Hill &
Sandrey 1986).

Two seed-feeding biological control agents have
been introduced to reduce the amount of seed produced
and to slow the rate of spread of gorse. Gorse seed
weevil (Exapion ulicis [Forster][(Coleoptera: Apion-
idae]) was imported from Europe and released between

1931 and 1946 (Davies 1928). It is now abundant and
widespread (Miller 1970). 

The bi-voltine (Emmett 1988) gorse pod moth
(Cydia succedana (Dennis and Schiffermüller)) (Lepi-
doptera: Tortricidae) was imported from England in
1989 and released in the early 1990s (Harman et al.
1996). It is also now abundant and widespread (Hill &
Gourlay 2002). 

A study of gorse seed predation in England
suggested that C. succedana would not significantly
displace the gorse seed weevil, and that the combined
seed predation by these two agents in spring would be
complementary rather than strongly competitive (Hill
1982). Both agents are well established in the Malvern
Hills of inland Canterbury in the South Island. A stand
of gorse at Jimmy’s Knob has been the subject of a two-
year study on the interaction of the two agents on gorse
seed production (T.R. Partridge, R.L. Hill & A.H.
Gourlay, unpublished data). That study showed that
both agents were active in spring, and together
destroyed virtually all spring-produced seed. Seed
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production in autumn was attacked by C. succedana
alone, and approximately 10% of this seed was
destroyed. 

There was considerable variation between indi-
vidual gorse plants in the numbers of seeds being
destroyed by each agent, so the nature of the interaction
between agents was unknown. In order to examine that
interaction more closely, an insecticide exclusion
experiment was set up to explore how each agent
behaved if the other was removed. The results of that
study are reported here.

Methods

Sample sites
Blocks 2 and 3 of the four blocks of the gorse stand

used in the original study (T.R. Partridge, R.L. Hill &
A.H. Gourlay, unpublished data) were chosen for the
insecticide study. Two sprays were chosen for the
study. Mimic 70W (700 g L–1 tebufenozide) is a
moulting-accelerator insecticide specific to Lepidop-
teran moths. This was applied to remove C. succedana
but not E. ulicis from the spring seeding. The other
spray chosen, Mavrik Aquaflow (240 g/litre of tau-
fluvalinate), is a broad-spectrum contact synthetic
pyrethroid.

Sixty mature, flowering gorse plants were chosen in
summer and treatments were randomly assigned.
Twenty plants were left unsprayed as controls, 20
plants were sprayed with Mimic 70W, and 20 were
sprayed with Mavrik Aquaflow. Spraying commenced
in August (early spring) and was continued at 3-weekly
intervals until November. Each plant was sprayed to
runoff with 1–2 L of field-rate spray mix. 

Circular seed trays were placed beneath each
selected gorse plant. Each tray was 24 cm in diameter
and 11 cm tall. The base was made of shade cloth,
allowing water, but not gorse seed, to pass through. The
site was visited at 1–2-monthly intervals. During each
visit, the flowering and seeding status of each plant was
monitored, and the seeds in trays were counted and
discarded. When a majority of pods on a plant had
ripened (changing colour from green to black), a
sample of up to 100 pods was collected from a plant
within 1 m of, but not immediately above, the seed tray,
and taken to the laboratory for dissection. The total
number of seeds, number destroyed in pods attacked by
E. ulicis, number destroyed by C. succedana, and
number of seeds destroyed by both agents were
recorded. Where damage in the pod was severe, the
total was estimated from the number of attachment
points. The proportion of seeds destroyed in each pod

infested by E. ulicis, C. succedana, or by both agents,
was calculated. From the number of seeds destroyed
and the number of seeds falling, the proportion of the
seed crop destroyed by each of the agents, or by both
together, was calculated.

Results

Gorse flowered twice each year; once in spring (usually
October to November) and once in autumn (February to
March). The data presented below only represent the
spring seed crop, as this was the only time that both
insects were active.

Of the 20 unsprayed control plants, only seven
produced sufficient seeds for sampling. Of the 20 plants
sprayed with Mimic 70W, only eight produced suffi-
cient seed (Table 1). This reduction in replication
hampered statistical analysis. In the controls, C.
succedana destroyed 62% of the seed, while 11% of the
seed was destroyed in pods containing both insects. A
total of 81% of spring seed was destroyed in the
controls.

Mavrik Aquaflow was expected to remove both
agents. The study showed that it could not do this, and
the results are not presented here.

Mimic 70W significantly reduced the number of
seeds destroyed by C. succedana (T = 8.85, d.f. = 12, P
< 0.01). It was assumed that Mimic 70W did not affect
E. ulicis behaviour. At the same time, the percentage of
seeds destroyed by E. ulicis was significantly greater
than in the controls (T = 5.56, d.f. = 12, P < 0.01).
Overall, the total percentage of seeds destroyed by both
species in pods sprayed with Mimic 70W was lower
than in controls (64% and 81%, respectively), but this
difference was not significant (T = 2.05, d.f. = 12, P =
0.063).

A two-way chi-squared test confirmed that the pres-
ence of either E. ulicis or C. succedana in a gorse
seedpod resulted in the likely absence of the other, and
that if both species occurred, then C. succedana was the
more successful (χ2 = 8.34, d.f. = 1, P < 0.01).

Discussion

When C. succedana was removed, the proportion of
seeds destroyed by E. ulicis increased significantly.
This indicates that C. succedana suppressed weevil
activity in unsprayed populations. Results showed a
significant under-representation of pods containing
both E. ulicis and C. succedana, and that C. succedana
was over-represented. The relative behaviour of the two
insects suggests that C. succedana consumes not only

Table 1 Mean percentage (±SE) of seed in pods destroyed by Exapion ulicis and Cydia succedana.

Treatment C. succedana  alone E. ulicis  alone Both Total seed  destroyed

Mimic (n = 8) 4 ± 2 54 ± 5 6 ± 4 64 ± 5
Controls (n = 7) 62 ± 7 8 ± 5 11 ± 4 81 ± 6
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the seeds within the pod, but may also consume any E.
ulicis larvae inhabiting the pod. This would explain the
over-representation of C. succedana, and is probably
the mechanism for E. ulicis suppression.

Significantly increased seed predation by E. ulicis in
the absence of C. succedana indicates that natural
weevil populations will respond to, and compensate
for, spatial and temporal variation in the abundance of
the moth. Although the increased seed predation was
not significant, there is a strong indication that despite
the negative effect of the moth on the weevil, the
combined effects of the two agents is greater than either
alone.

Modelling by Rees & Hill (2001) suggests that with
a moderate frequency of large-scale disturbance, and
low seedling survival, a reduction in the annual seed
crop of 75–85% would be sufficient to cause long-term
decline in gorse cover. The results presented here
suggest that C. succedana and E. ulicis are already
achieving a reduction in the spring seed crop of this
magnitude at this site. In places where autumn seed
production contributes little to the annual seed crop,
these two agents may already be contributing to a
decline in gorse population density, though agent
behaviour in these climatic conditions may not support
the same levels of seed attack as experienced during our
study. The two agents may also be slowing gorse spread
into areas where it is not yet present.
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