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Multitrophic interaction between the ryegrass Lolium perenne, its
endophyte Neotyphodium lolii, the weevil pest Listronotus
bonariensis, and its parasitoid Microctonus hyperodae
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Abstract Field experiments in Canterbury, New
Zealand, investigated four levels of interaction
involving the clavicipitaceous endophytic fungi
Neotyphodium lolii measured as ppm of the alkaloid
peramine in bulked samples of Lolium perenne, the
weevil pest Listronotus bonariensis, and its
braconid parasitoid Microctonus hyperodae. Weevil
numbers were unusually low and the expected
inverse relationship between ground densities and
peramine concentration was not observed. There
was, however, a highly significant tritrophic
interaction whereby percent parasitism was
inversely related to ppm of peramine. Possible
mechanisms for this interaction are discussed and
it is suggested that it may have been the result of
reduced feeding intensity of L. bonariensis that led
to a corresponding reduction in opportunity for the
parasitoid to attack.
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INTRODUCTION

Listronotus bonariensis is one of New Zealand's
most severe pests of Gramineae and, because of this,
its biology and ecology are now reasonably well
understood (e.g., Pottinger 1961; Goldson 1981;
Barker et al. 1989; Goldson et al. 1998; McNeill et
al. 1998). The mining habit of the weevil's larval
stages kills both vegetative and flowering tillers
(Pottinger 1961), while the adults chew off
emerging cotyledons in newly-sown stands
(Goldson & Penman 1979). Estimates of the annual
cost of L. bonariensis damage resulting from the
loss of productive pasture species and the need for
their renewal range from NZ$78 to $251M
depending on the season (Prestidge et al. 1991).

While L. bonariensis is seen very much as a pest
peculiar to New Zealand grassland ecosystems, it
has been reported to cause problems elsewhere,
usually in cereal crops. Gassen (1984) identified L.
bonariensis as damaging wheat in Southern Brazil.
Similarly, in Argentina L. bonariensis larvae have
been recorded as feeding on wheat shoots and buds
resulting in shoot mortality, reduction in shoot
numbers, and diminished yields (Anon. 1996). L.
bonariensis is also established in Australia where
it has been noted as a problem in sports turf (Hardy
et al. 1979). Listronotus spp. in general are known
as pests, for example, the carrot weevil Listronotus
oregonensis (e.g., Martel et al. 1976), an American
wheat pest Listronotus montana (e.g., Blodgett et
al. 1997), and the annual bluegrass weevil
Listronotus maculicollis (Vittum & Tashiro 1987).
Listronotus spp. have also been considered as
potential phytophagous biological control agents,
for example, Listronotus setosipennis has been
introduced into Queensland, Australia as a
biological control agent of Parthenium hystero-
phorus (Compositae) (Wild et al. 1992).

In the early 1980s Prestidge et al. (1982)
discovered that the fungal endophyte Neotyphodium
lolii (formerly known as Acremonium lolii)
conferred resistance to L. bonariensis when present
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in perennial ryegrass plants (Lolium perenne); this
discovery has resulted in improved management
strategies for the weevil (e.g., Prestidge et al. 1985;
Fletcher & Easton 1997). The resistance was found
to be based on an antifeedant pyrrolizidine
compound known as peramine (Rowan & Gaynor
1985). Unfortunately, however, other alkaloids
associated with N. lolii such as lolitrem B,
ergovaline, and paxilline have been found to cause
ryegrass staggers (Fletcher & Harvey 1981) and
other effects detrimental to stock (e.g., Gallagher
etal. 1981; Fletcher 1985; Fletcher& Easton 1997).
In view of these conflicting characteristics,
considerable effort is now being devoted to
discovering and developing endophytes that confer
resistance to L. bonariensis without incurring stock
health problems. In short, this has been to develop
ryegrass/endophyte systems that maintain levels of
peramine while minimising the associated levels of
lolitrem B and ergovaline (e.g., Fletcher & Easton
1997).

Coincident with the identification of plant
resistance, it was recognised in the late 1980s that
biological control would be an ideal complement
(Goldson et al. 1990). Consequently, during 1989-
90 the thelykotous endoparasitoid Microctonus
hyperodae (Hymenoptera: Braconidae, Euphorinae)
was imported into New Zealand and released in the
winter of 1991 (Goldson et al. 1993). The biology
of M. hyperodae has been described by Goldson et
al. (1998).

Microctonus hyperodae is now widely
established throughout New Zealand (e.g., Goldson
et al. 1994) and the future management of L.
bonariensis in New Zealand will be based on the
interactions between N. lolii-infected ryegrass and
M. hyperodae. Price et al. (1980) noted that such
relationships between herbivores and their host
plants and between herbivores and their natural
enemies can only be understood in a tritrophic
context. Specifically to endophytes, Grewal et al.
(1995) found that Neotyphodium spp. endophytes
in tall fescue {Festuca arundinacea) and chewings
fescue {Festuca nigricans) increased the suscept-
ibility of the root-feeding scarab Popillia japonica
to the parasitic nematode Heterorhabditis bacterio-
phora. Exner & Vidal (1996) found that the
endophyte Acremonium strictum in tomatoes
(Lycoperscion esculentum) had no effect on the
attack rate of Encarsia formosa on second instar
larvae of the whitefly Trialeurodes vaporariorum.
Neither did they find that endophyte affected the
vigour of any of the E. formosa stages; it did,

however, increase the duration of E. formosa's
searching sequences. Bultman et al. (1997) studied
the interactions between the endophyte N. coe-
nophialum, its plant host F. arundinacea, its pest
Spodoptera frugiperda, and two of its parasitoids,
Euplectrus comstockii and E. plathypenae. They
found that the endophyte had a negative impact on
the parasitoid's pupal mass, reduced survival rates
to the adult stage, but had no effect on develop-
mental rates. Similarly, Barker & Addison (1996)
recorded that N. /o/n-infected ryegrass retarded M.
hyperodae larval development compared with
uninfected ryegrass and concluded that this was
probably related to poorer parasitoid larval nutrition
resulting from reduced weevil feeding intensity.
Barker & Addison (1997) extended their work and
found in greenhouse trials that N. lolii infection
levels did not affect the efficacy of parasitism of
naive M. hyperodae. However, they did find that
parasitoids with prior experience of hosts feeding
on a particular grass subsequently had greater
success in parasitising hosts on that grass.

This contribution reports on a field study that
measured a tritrophic interaction between N. lolii
(in L. perenne), L. bonariensis, and M. hyperodae,
based on two field experiments each comprising
graded proportions of sward endophyte levels
including both wild type and AgResearch
Grasslands novel endophytes.

METHODS AND MATERIALS

This study was based on two similar experiments
that were originally established to measure the
impacts of N. lolii on sheep health and production
(e.g., Fletcher & Easton 1997). Both experiments
comprised pure swards of perennial ryegrass sown
at 23 kg ha*1 with the systemic pesticide phorate at
1 kg ha 1 ; volunteer clover was controlled using
dicamba at 400 g ha"1.

The first experiment comprised an endophyte
mixture trial established on the AgResearch farm
at Lincoln, Canterbury, New Zealand (43°38'S,
172°30'E), in spring 1993. It consisted of eighteen
50 m x 46 m Lolium perenne cv. Nui plots
containing manipulated levels of wild-type N. lolii,
the AgResearch novel N. lolii endophyte known as
AR6, and nil endophyte controls. The plots were
laid out in a completely randomised design (Fig. 1)
and were irrigated five times a year with 40 mm of
water. Ten to fifteen sheep were set-stocked on each
plot in spring, summer, and autumn for >4 weeks.
These treatments generated a range of peramine


