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ABSTRACT
During 1991-2Microctonus hyperodaewasrel eased at four sitesin
Otago and Southland, New Zealand, as a biological control agent of
Listronotus bonariensis (Argentine stem weevil). The parasitoid was
firstrecoveredfromthefield 17 and 19 monthsafter rel easeat Ophir and
Suttonrespectively. By April 1996 parasitismlevelsinL. bonariensishad
reached 40% at Ophir and 33% at Sutton but radial sampling indicated
that dispersal waslimited to withinal km radius at Ophir and a500 m
radius at Sutton. No parasitism of non-target weevils by
M. hyperodae hasbeenrecorded at either site. TodateM. hyperodaehas
not been recovered from release sites near Mosgiel and Gore. The
establishment levels and dispersal rates in Otago are less than those
measured in Canterbury and Waikato and possible reasons for thisare
discussed.
Keywor ds: Microctonushyperodae, Listronotusbonariensis,Argentine
stemweevil biocontrol, non-target species

INTRODUCTION

Microctonushyper odael.oan (Hymenoptera: Braconidae) isasolitary endoparasitoid
of the adult stage of itshost. It was introduced from South Americainto quarantinein
New Zealand during 1989-90 as a potential biological control agent for Listronotus
bonariensis Gyllenha (Coleoptera: Curculionidae) (Argentine stem weevil) and first
released in 1991 (Goldson et al. 1994). By 1994 it had been released at 12 sites and
recovered from ten, with recoveries not being made from the southern-most sites near
M osgiel and Gore. Fromthe Canterbury region northwardsestablishment at rel easesites
appearedrapidwithrecovery of theparasitoid fromthefield occurringwithinsix months.
Theexceptiontothiswasonesiteat Blenheimwhereonly 700 parasitised weevilswere
released. Alsoby 1994 highlevel s(48-84%) of stemweevil parasitismfrom Canterbury
northwards had generally been recorded with Blenheim (7%) and a site at Hororata
(12%) being the exceptions (Goldson et al. 1994). In the Waikato region of the North
Island, M. hyperodae had dispersed up to 19 kmfrom rel ease sitesby 1995 (P. Addison
unpubl.) and in Canterbury, up to 15 km by 1996
(J. Proffitt unpubl.). However, at Ophir (Central Otago), athough the parasitoid was
recovered 17 monthsafter rel ease, by 1994 themaximum parasitism|evel recordedwas
only 23%. At Sutton (Strath Taieri), M. hyperodae wasfirst recovered 19 monthsafter
release, but by 1994 parasitism had not exceeded 1%.

This investigation measured parasitism levels and dispersal of M. hyperodae in
L. bonariensispopul ationsat thefour southernmost rel ease sites, and sought to explain
why theparasitoid appearslesssuccessful intheregion comparedto areasfurther north.

METHODS
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In October 1991, 8,650 parasitised adult L. bonariensiswerereleased at Ophir,
5,200at Sutton, and 5,560 at Gore. InNovember 1992, 6,700 parasitised weevilswere
released at M osgiel. Thetechniquesusedto providetheparasitised weevil saregiven by
Goldsonetal. (1993). Inall casestheparasitised weevilsweredistributed asevenly as
possibleover al haareaof predominantly ryegrass/whiteclover pasture. Thepastures
at Ophir and Suttonwerequantitatively sampledfor weevilsby taking 80 (Ophir) or 40
(Sutton) 150 mmx 150 mmturves30 mmdeep (Fergusonet al. 1996) onaregular basis
until May 1997. The pastures near Mosgiel and Gore were similarly sampled until
October 1993 and May 1992 respectively. Weevils were heat-extracted from these
turves using modified Berlese funnels (Proffitt et al. 1993). L. bonariensis and any
nativeweevilscollected weredissected todetermineif they wereparasitised.

InApril 1996 and April 1997, weevilsfromall four rel easesiteswerecollectedusing
Jonsered BV 32 and Homelite HB-180 blower vacsto vacuumweevilsfrom thepasture
intogauzecollecting bags. Vacuum sampleswereal so collected from sitesradiating out
fromthereleasesitesasshownin Table 1. In 1996 vacuum sampling wascarried out for
30minutesat eachsiteandin1997 for onehour at each site. Sincetherel easesiteat Gore
wascultivated and sownincereal inthe 1996/97 season, apastureimmediatel y adjacent
to it was sampled in 1997 by taking 125 0.04 m? turves 30 mm deep and extracting
weevilsfrom thesein Berlese funnels.

All weevilscollected during theradial samplingin 1996 and 1997 weremaintained
for 4-6 weeksin cagesin the laboratory at 20+2 °C, 40-60% relative humidity with a
photoperiod of 16 hours light and 8 hours dark. Parasitoids which emerged were
recorded.

RESULTSAND DISCUSSION

Since the first recovery of M. hyperodae at Ophir in March 1993 the parasitoid
appearsto have become firmly established. With the exception of brief periodsin late
springand mid-summer, parasitismlevel shavegeneral ly increased reachingamaximum
of 41%todate (Fig. 18). Conversely, thedensity of L. bonariensishasdeclined steadily
since the parasitoid has established athough factors other than those exerted by the
parasitoidareprobably involved. A scarcity of hostsinmid-summer whenover-wintered
L. bonariensisaredying off and thenew generation of adult weevilshasnot yet emerged
(Fergusonet al. 1996) may beanimportant limitation to parasitoid build up. However,
thisperiodof low host availability may beovercometo someextent by thelongevity and
high searching efficiency exhibited by M. hyper odaewhichisthought to beareflection
of its primitive South American existence (Goldsonet al. 1995).

By 1996M. hyper odae had established at level sof up to 15%, and dispersed 500 m
north, west and east of therel ease sitebut only oneindividual wasfound at adistance of
1000 m (Table 1). No further dispersal was detected in 1997.

At Sutton, asingleM. hyperodae wasrecovered from thereleasesitein May 1993
but no more were recovered until December 1995, at which time parasitism was 18%
(Fig. 1b). The parasitism level dropped in mid summer 1996, as at Ophir, before
increasing to the highest recorded level at Sutton of 33% in late summer early autumn
1996 (Fig. 1b). Thislevel, however, wasnot maintained and theparasitismlevel fell until,
inspring 1996, it approached zero and remained there. Thismay be partly areflection
of very low L. bonariensis numbers (Fig. 1b) but none of the weevils collected by
vacuumsamplinginApril 1997 wereparasitised (Table 1). Dispersal samplingin 1996
recovered M. hyperodae at low levelsfrom 300 m west and 500 m north of therelease
siteand in 1997 from 500 m west and north (Table 1). Thisindicated that although not
achieving high levels of parasitism M. hyperodae has established inthe area.

It is possible that M. hyperodae has dispersed beyond the points sampled in this
investigation at bothlocalitiesand so far escaped detection.

TABLE 1: Number ofL.bonariensisand M. hyperodaecollected duringdisper sal
sampling ( L. bonariensig/M. hyperodae) in Otago and Southland
1996 and 1997.
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Adult Listronotus bonariensis density (/m?) and parasitism by
Microctonus hyperodae (%) at parasitoid release sites in Otago.
(Standard errorsfor L. bonariensisdensity arenot shown but in all
cases SEM swerewithin 20% of the mean).

Date Releasesite Distancefrom release site (m)
Ophir
1996 500N 500E 500W 1000N 1000 E 1000W
107/12 59/6  146/23 169/3  43/0 75/0 142/1
1997 1500 N 1500 E 1500 W
63/9 80/0 93/0 17/0
Sutton
1996 500N 500S 300E 300W
82/2 119/5  34/0 16/0 100/2
1997 500N 500S 500E 500W 1000N 1000S 1000W
19/0 39/2 23/0 22/0 861/62 179/0  30/0 114/0
Mosgiel
1996 24/0
1997 65/0
Gore
1996 12/0
1997 0/0

Theparasitoid hasnot beenrecovered fromtherel easesitesat Mosgiel and Gore. In
both cases the L. bonariensis populations were low (23 and 20 adult weevils/m?
respectively) at thetime of parasitoid rel ease and declined further over the period they
were quantitatively sampled. Vacuum sampling in 1996 and 1997 did not recover any
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parasitisedweevilsat either of thesesites(Table2). NoL. bonariensiswerefound by turf
sampling at Gorein 1997. Despitethehigh searching efficiency of M. hyper odae, weevil
populations at these sites may be too low for the parasitoid to establish or persist
particularly between generationsinearly summer (Fergusonet al .1996). AtMosgiel this
period, betweentheover-winteringweevil generation dying out and thenext generation
of adultsemerging, appearsto last longer than at Ophir and Sutton possibly because of
|esstemperature accumulation occurring at Invermay (Fergusonet al. 1994). It may be
longer at Gore where it is cooler. Lower temperatures also increase M. hyperodae
generationtimeallowing three generationsin Otago (unpubl. data) compared tofivein
Waikato (P. Addisonunpubl. data). Inretrospect, therel easeof theparasitoidsin October
in the southern South Island may have been inappropriate since only over-wintering,
ageing adultswere present. Parasitoids emerging from the hoststhey werereleased in
would have encountered older weevils and there may have been insufficient time
availableto complete the development of the next parasitoid generation before weevil
death. New generation weevilsdo not appear until January (Fergusonet al.1996). The
morerapidbuildupanddispersal at releasesitesinthe Canterbury and Waikatoregions
may have been enhanced by high host densitiesto which M. hyperodae exhibitsstrong
density-dependent responses. Parasitism levels achieved by M. hyperodae remain
constant despite increasing host density (Barlow et al. 1993) and thiswould result in
higher densities of M. hyperodae being present where host density ishigh.

TABLE 2: Non-target weevil species collected from Ophir and Sutton during
theinvestigation.

Site Species Nowesevils Weevil density?!
dissected (No/m?)
Ophir Brachycerinae: Entimini
Brachyolus obscurus Sharp 2 <1
Irenimus egens (Broun) 586 27-270
Nonnotus albicans (Broun) 13 <1
Otiorhynchus ovatus L.2 1 <1
Brachycerinae: Rhytir hinini
Steriphus delaiguei Germain)? 36 <2
S diversipeslineata (Pascoe)? 1 <1
Sutton Brachycerinae: Entimini
Irenimus stolidus Broun 200 20-35
Nicaeana cervina Broun 395 41-50
Nonnotus albicans (Broun) 1 <1
Brachycerinae: Rhytirhinini
Listroderes obliquus Klug? 1 <1
Steriphus delaiguei (Germain)? 12 <1
S variabilis Broun 1 <1

Lrange of maximum spring densities (4 years Ophir; 3 years Sutton)
2introduced species

Therearepreliminary indicationsthat other factorsmay alsobeinvolvedinthesl ow
establishment and spread of M. hyperodae in southern South Island sites. Female M.
hyperodae collected from Ophir and Sutton have been found to contain fewer eggsin
their ovarioles (C. Phillips unpubl. data) than M. hyperodae from Canterbury and
Waikato and also from the laboratory culture maintained from the original
M. hyperodae introductions (Goldson et al. 1995; Phillips et al. 1996). Given that
M. hyperodae exhibits proovigenesis (Goldson et al. 1995), in situ egg counts should
approximate the species potential fecundity. There are at least two hypotheses which
could explain the observed relatively low fecundity of parasitoids collected in Otago.
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Firstly, L. bonariensis present in Otago may belower quality hosts for M. hyperodae
thanweevilspresent el sewherein New Zealand, with parasitoids poorly nourished and
withreducedfecundity. Secondly, theecotypiccomposition of M. hyper odaeestablished
inOtago coulddiffer fromthoseestablished el sewhere, suchthat ecotypeswithrelatively
low fecundity have been most successful. Thesehypothesesarenot mutually exclusive
and data exists to support both. In astudy of L. bonariensisgenetic variation (Lenney
Williamset al. 1994) weevil populationsfrom Canterbury, Bay of Plenty, Waikato and
Northland were genetically homogeneous, while apopul ation from Southland (Gore)
wasgenetically distinct. Morphometricanalysi shassuggested that generally throughout
New Zealand, M. hyper odaederived from east of the Andeshave been moresuccessful
thanthosederived fromwest of the Andes, whileparasitoidscollectedinthe Argentinean
Andesat S. C. de Bariloche have had an intermediate degree of success (Phillipset al.
1997). AttheOtagossites, however, parasitoidsclassified asbeingderivedfrom S. C. de
Barilochetendtooccur inhigher proportionsthan el sewhereinNew Zealand (C. Phillips
unpubl. data). These differences, although not significant, are partly corroborated by
fecundity datawhichindicatethat parasitoidsfrom S. C. deBarilochetendto havelower
potential and achieved fecunditiesthan most other M. hyper odae ecotypes (Goldson et
al. 1995; C. Phillipsunpubl. data).

Although other speciesof weevilswerecommon at therel easesitesat both Ophir and
Sutton (Table2) no parasitism of theseby M. hyper odaewasdetected during thecourse
of the investigation, supporting the contention of Goldson et al. (1992) that this
parasitoid has anarrow host range and indicating that M. hyperodae has not switched
to non-target weevilsto bridge periods of target host scarcity.

M. hyperodae has established at both Ophir and Sutton in relatively sparse L.
bonariensis populations and its successful establishment may be dueto the attributes,
longevity and searching ability, which may be necessary for it to surviveinits native
South Americaenvironment. It has not dispersed as far or reached the same levels of
parasitism as further north, probably because of lower L. bonariensis population
densities, lower accumulated degree days which limit the number of weevil and
parasitoid generationsper year, and possi bly because of ecotypicor genetic differences
between the parasitoi ds and hosts which occur in the southern South | sland compared
with elsewherein New Zealand.
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