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ABSTRACT

The parasitoid, Microctonus hyperodae Loan (Hymenoptera:
Braconidae), anditshost, Argentinestemweevil (Listronotusbonariensis
(Kuschel) (Coleoptera: Curculionidae)) weresampled, firstly, toquantify
parasitoid mortality between the larval and adult stages during spring
1996 and, secondly, to measuretherealised fecundity of two generations
of parasitoid adults in summer 1996-1997. Survival of M. hyperodae
larvae and pupae was low (<10%) and subsequent female density was
low (<2/m?2). Pasture management practiceswhich increase survival of
M. hyperodaelarvae and pupaein spring could enhance suppression of
L. bonariensis. Parasitoid females from the first half of the first adult
generation were estimated to have laid <15% of their eggs, while
females which emerged subsequently were estimated to have laid
>65% of their eggs. Thisvariationinrealised fecundity was associated
with changesin host density. Habitat manipulationsthat enablemore of
the early-emerging parasitoids to survive until host densities increase
in early summer could enhance suppression of L. bonariensis.
K eywor ds: Listronotusbonariensis, Microctonushyper odae, biol ogical
control, habitat manipulation, fecundity.

INTRODUCTION

Argentine stem weevil, Listronotus bonariensis (Kuschel) (Coleoptera:
Curculionidae), isamajor pest of pasturein New Zealand (e.g. Goldsonet al. 1998a).
Microctonushyper odael oan (Hymenoptera: Braconidae, Euphorinag) wasintroduced
to New Zedand in 1991 for biological control of L. bonariensis. The parasitoid
ovipositsintheadult weevil, whereupontheparasitoidlarvadevel opswithintheliving
host. M. hyperodae is parthenogenetic (Loan and Lloyd 1974) and proovigenic
(Goldson et al. 1995; Phillips 1998). The parasitoid is now established at over 80
locations in the North and South Islands (M.R. McNeill pers. comm.).

This contribution makes a preliminary assessment of the potential to enhancethe
efficacy of M. hyperodaeusing habitat manipulation by, firstly, ascertaining mortality
rates of immature M. hyperodae and, secondly, measuring the reproductive rates of
M. hyperodae adultsin the field.

MATERIALS AND METHODS

Sampling was conducted in one paddock (100 m x 100 m) at the AgResearch farm,
Lincoln, between September 1996 and April 1997. This was the same paddock used
previously to describethebionomicsof L. bonariensisand M. hyperodae (Goldson et al.
1998aand b). Estimates of thefield densitiesof L. bonariensis adultsand M. hyperodae
larvae were made using the methods of Goldson et al. (1998a and b). In brief, adult
weevils were extracted from turf samples (450 mm x 40 mm x 80 mm deep) taken
approximately fortnightly using a flotation method (Proffitt et al. 1993). To provide
additional weevilsfor assessment of parasitism, 50-70 weevilswere also sampled every
aternate week using a modified high-powered vacuum cleaner. Weevils recovered by
both methods were dissected under 70% ethanol using a binocular microscope at 25 X
magnification (Goldson and Emberson 1981) and the parasitoid stages present recorded.
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M. hyperodae adults were sampled by collecting pasture litter each week along a
100 m transect acrossthe paddock using amodified high-powered vacuum cleaner. A
different transect was used each week. M. hyperodae adults were retrieved from the
vacuum samples and stored at 4°C pending measurement of their egg loads. The eggs
contained in the ovaries of each parasitoid were counted using the method of Phillips
(unpublished) whichinvolvedremovingtheparasitoids' ovaries, staining and separating
the eggs, then counting them at approximately 100 X magnification.

RESULTS AND DISCUSSION

Phenology of adult weevils

The L. bonariensis phenology observed in this study was consistent with that
observedinthepreviousfiveyearsat thesamesite(Goldsonetal. 1998a). L. bonariensis
overwinters as adults. The density of adult weevils declines throughout winter and
spring, reaching aminimum about mid December (Figure 1). Thereafter, weevil density
beginsto increase again with the emergence of first summer generation adults. Weevil
density peaks in mid January, then declines rapidly until late March, whereupon a
smaller peak in weevil densities indicates the emergence of second generation weevil
adults.

160 T
140 +

120 +

100 4+ adult weevils
...... larval parasitoids

2

80 -

Insects/m

60 1

40 1

20 -

0 } t } t t { !" t } } t t t } t |

16- 30- 14- 29- 11- 25- 9- 23 6- 20- 3- 17- 3- 17- 1- 14- 28

Sep Sep Oct Oct Nov Nov Dec Dec Jan Jan Feb Feb Mar Mar Apr Apr Apr
Date

FIGURE 1: Density of L. bonariensisadultsand M. hyperodaelarvaeat Lincoln
between 16 September 1996 and 28 April 1997. Theperiod of adult
parasitoid occurrenceisindicated by the horizontal bars.

Phenology of parasitoid larvae and adults

The M. hyperodae phenology observed in this study was consistent with that
observedinthepreviousfiveyearsat thesamesite (Goldson et al. 1998b). M. hyperodae
overwinters as 1st instar larvae and, during spring, these larvae develop, emerge from
their hosts and pupate (Figure 1). The vacuum samples indicated that emergence of
parasitoid adults recruited from overwintered larvae began in mid November and
continued until mid January (Figure 1). Theseadult parasitoidslaid eggsinfirst summer
generation adult weevilsand produced the first summer generation of parasitoid larvae

© 1998 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



Pasture Weeds and Pests 18

which was evident from late December 1996 until early February 1997 (Figure 1).
Parasitoid adultsrecruited from thisfirst summer generation of larvae occurred from 10
February until 10 March 1997.
Densities of parasitoid larvae

Weevil dissection data indicated that overwintered parasitoid larvae began
developing in mid September 1996 (no parasitoid pupae or adultswere present at this
time). The 16 September larval population density of 23/nm? (Figure 1), therefore,
provided an estimate of thetotal overwintered parasitoid population from which adult
parasitoids would be recruited during early summer. Similarly, the peak density of
parasitoid larvae of 51/m?on 20 January 1997 (Figure 1) provided an estimate of the
total first summer generation parasitoid population (the M. hyperodae population
comprised only larvae at thistime as evidenced by adult parasitoidsbeing absent from
vacuum samples and parasitoid eggs being absent from weevil dissection samples).
The larvae which occurred on 20 January 1997 (Figure 1), therefore, were the first
generation progeny of the overwintered parasitoids.
Evidence of high immature parasitoid mortality

On the same sampling dates that the overwintered parasitoid population of 23
larvae/m? increased to 51 larvae/m? in the subsequent generation, the adult weevil
popul ationincreased from 37/m?to 151/m? (Figure 1). Using an estimated M. hyper odae
mean potential fecundity of 67 (Phillipsunpubl. data) and theoretical conditionsof zero
immature parasitoid mortality, nil migration, unlimited hostsand maximum oviposition
by adult parasitoids, M. hyperodae’ s overwintered population of 23 larvae/m? could
haveincreased to 1541 larvae/m? in January (i.e. 23 parasitoid adults, multiplied by 67
eggs, equals 1541 larvae/m?). The observed January density of 51 parasitoid larvag/m?,
therefore, indicatesthat oneor both of thefollowing possibilitiesoccurred: @) Therewas
very highmortality (maximum of 97%) of M. hyper odaelarvaeand pupaein September-
November; b) Therewasvery low net parasitoid reproduction in November-December
(minimum of two offspring/female). The parasitoid egg load data, described below,
indicated that mortality of M. hyperodae larvae and pupae was probably the most
significant factor.
Egg loads of parasitoid adults

Seventy eight parasitoid adults were collected during weekly sampling between
11 November 1996 and 21 April 1997 (Figure2). Theseadultsappearedintwodiscrete
generations. The first was recruited from overwintered larvae and appeared in the
samples from 18 November 1996 to 13 January 1997 (Figure 1). The mean egg load
of these parasitoidswas 49+4 eggs (n=43). The second generation of parasitoid adults
wasrecruited fromthefirst summer generation of parasitoidlarvaeand occurredinthe
samples from 10 February 1997 until 10 March 1997 (Figure 1). The mean egg load
of these parasitoids was 31+4 eggs (n=35).
Estimating parasitoid realised fecundity

Estimation of the number of eggslaid by M. hyperodaefemal eswasfacilitated by
the species’ proovigenic reproduction (Goldsonet al. 1995; Phillips 1998). Using the
estimate of 67 eggs for potential fecundity, the eggs laid by each parasitoid prior to
sampling was calculated as 67 minus the parasitoid’ s observed egg load. The mean
number of eggslaid by parasitoids over their entire lifetimes (i.e. realised fecundity)
wasthen cal culated based on three assumptions. Thefirst wasthat parasitoid potential
fecundity did not vary with time, the second wasthat the rate of parasitoid oviposition
wasindependent of parasitoid age and the third wasthat, on average, parasitoid adults
were sampled when they were half way through their lifespans. These assumptions
meant that realised fecundity could be cal cul ated astwo timesthe number of eggslaid
prior to sampling, with an upper limit of 67 eggs.
Mean realised fecundity of the November-January parasitoids

The egg loads for parasitoids recruited from overwintered larvae (November-
January; Figure 1) indicated that, on average, each M. hyperodae female had laid 18
eggsprior tobeing sampled (i.e. potential fecundity of 67, minuseggload of 49, equals
18 eggs laid) which, as described above, was doubled to derive an estimated mean
realised fecundity of 36 eggs/parasitoid.
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Estimating the population density of adult parasitoids

Using the estimated mean realised fecundity of 36 eggsfor M. hyperodaeadults
recruited from overwintered larvae, and assuming zero post-oviposition mortality
of these eggs, the subsequent summer generation of parasitoid larvae, which
reached adensity of 51/m?, must have been produced by 1.4 M. hyper odae adults/
m? (i.e. 51 larvae/n??, divided by 36 eggs/female, equals 1.4 M. hyperodae adults/
m?). However, the assumption of zero post-oviposition mortality of parasitoid eggs
usedinderivingtheaboveestimateof adult parasitoid density isprobably unrealistic
asthere aretwo sources of egg mortality apparent in early summer. Thefirst isthat
parasitoid adults present from 18 November to 9 December probably laid eggsin
overwintered weevils (Figure 1). These weevils were liable to die before mid
December (Goldson et al. 1998a), leaving insufficient time for the parasitoid eggs
tocompletetheir devel opment. Such parasitoid eggs, therefore, coul d not contribute
to the first summer generation of parasitoid larvae which became evident on 23
December (Figure 1). The effect of this mortality factor can be estimated by
assuming that al of the 14 unparasitised weevils/m? present on 16 September
(Figure 1) became parasitised but, because of the imminent death of these weevils,
the parasitoid eggslaid in them did not contribute to thefirst summer generation of
parasitoid larvae. The second source of M. hyperodae mortality is that females
sometimes oviposit in weevils that are already parasitised (Goldson et al. 1998b),
although only one immature parasitoid can survive in each host (Loan and Lloyd
1974). Between 18 November and 14 January, therewasamean of 1.4 supernumerary
parasitoid larvae/m?.

The 14 parasitoid eggs/m? assumed to have died in overwintered weevils, plusthe
1.4 parasitoid eggs/m? estimated to have died due to superparasitism, plus the 51
parasitoid larvae/m? observed on 20 January (Figure 1), suggest that M. hyperodae
femalesrecruited from overwintered larvaelaid 66 eggs/m?. Using the estimated mean
realised fecundity of 36 eggs/female, the 66 eggs/m? must have been laid by 1.8
M. hyperodae adults/m? (i.e. 66 eggs/m?, divided by 36 eggs/female, equals 1.8
females/m?).
Comparison of the estimate of adult parasitoid density with prediction of a
model

Theestimated November-January parasitoid adult density of 1.4/m?to 1.8/m?was
compared to an estimate derived from the model of Barlow et al. (1993) for
M. hyperodae searching efficiency. This model predicted parasitoid adult density
from the proportion of hosts parasitised, and was based on the results of field cage
experiments which measured parasitism over a range of M. hyperodae and
L. bonariensisdensities. On 20 January 1997, 34% of L. bonariensisadults contained
a M. hyperodae egg or larva (Figure 1). Using this figure for proportion of hosts
parasitised, themodel (Barlow et al. 1993) estimated that thisparasitism resulted from
oviposition by 1.9 M. hyperodae adults/m? and, therefore, corroborated the analysis
described above.
Immature parasitoid mortality during spring

Theestimated 1.4-1.8M. hyper odaeadults'm=wererecruited fromanoverwintered
larval population of 23/m?, suggesting that only 6-8% of overwintered parasitoid
larvae present on 16 September 1996 reached the adult stage (i.e. 1.8 M. hyperodae
adults/m?, divided by 23 overwintered M. hyperodae larvae/m?, times 100, equals
8%).
Causes of immature parasitoid mortality during spring

Reasons for the estimated 92-94% parasitoid mortality which occurred between
the overwintered larval generation and the subsequent adult generation are unknown.
In spring, it ispossible that some parasitised weevils die before parasitoid larvae can
complete their development and emerge. This could be estimated by collecting
weevils in September, maintaining them under conditions simulating those of the
field, retrieving weevilsasthey die, and measuring the proportion of dead weevilsthat
containaparasitoid. It appears, however, that it would bedifficult to develop amethod
to reduce such a source of mortality.
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The 92-94% parasitoid mortality could also have been due to mortality of pre-
pupaeand/or pupae; M. hyperodae probably pupatesunderneath plant litter onthe soil
surface. There are numerous possible causes of mortality of pre-pupa and pupal
M. hyperodae including low temperatures (Barlow et al. 1994), low humidity (M.R.
McNeill pers.comm.), trampling by stock, disease, flooding, predation by staphylinids
(thishasbeen observedinthelaboratory; Goldson unpubl. data) and predation by other
arthropods. Of these, temperature, humidity and stock trampling would appear most
amenabl e to manipulation. For exampl e, temperature and humidity at the soil surface
(and, therefore, pupal survival) arelikely to beinfluenced by sward height and density,
while pupal mortality due to stock trampling could be influenced by grazing
management.

Reproductiverate of M. hyperodae adults

For the two generations of adult parasitoids, negative exponential curves were
fitted by regression with Poisson errors and a logarithmic link function (Green and
Silverman 1994) to the counts of eggs contained by each parasitoid on each sampling
date (solid lines, Figure 2). Probabilities were cal culated using an approximate F test
based on ratios of mean deviances. Fromtheregressionlinesin Figure 2, it canbeseen
that the first emerging parasitoid adults which occurred on 14 November contained a
mean of 72 eggs. Thereafter, egg loads declined such that, by the end of thefirst adult
generation on 14 January, the mean egg load was 27 (P<0.001; Figure 2). The second
generation of parasitoid adults displayed a similar decline in egg load with time,
although the mean egg load, both of thefirst adultson 10 February and thelast adults
on 10 March, waslower (41 and 21 eggsrespectively, P>0.05; Figure 2). Theegg load
datawere used to estimate, asdescribed previously, the mean realised fecundity of the
parasitoids on each sampling date (dotted curves, Figure 2). This estimation of
variation in realised fecundity would become very biased if the average lifespan of
M. hyperodae adults comprised a very large proportion (e.g. 50%) of the total
sampling period. It seemslikely that adultslivelessthan two weeksin thefield, since
their longevity under ideal conditionsin the laboratory was 17 days (Hodgsonet al.
1993; Phillips 1998). Adult lifespans, therefore, were likely to have comprised less
than 10% of the total sampling period.
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FIGURE 2: Egg load of each of the 78 par asitoids collected from 11 November
1996 to 21 April 1997. The solid line shows the exponential decay
regression curve fitted to the data and was used to provide an
estimate of the parasitoid population’s mean egg load on each
sampling date. The dotted line shows the parasitoid population’s
estimated mean realised fecundity on each sampling date.
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Potential to enhance the efficacy of M. hyperodae adults

Ascan be seen from Figure 2, adult parasitoids representing the second half (mid
December -mid January) of thegeneration recruited from overwintered larvaelaid 65-
100% of their eggs. This high realised fecundity was associated with the emergence
of first summer generation adult weevilswhich began in mid December; adult weevil
densities averaged approximately 90/m? from mid December to mid January (Figure
1). Similarly, parasitoidsrepresenting thefirst summer generation of adult parasitoids
(mid February - mid March) laid 70-100% of their eggs (Figure 2). Thishigh realised
fecundity was al so associated with moderately high, though declining, host densities
which averaged 37 weevils/m? from mid February to mid March (Figure 1). Based on
the estimation that adult parasitoids from the latter half of the generation recruited
from overwintered larvae, as well as the whole of the subsequent first summer
generation, laid 65-100% of their eggs (Figure 2), there appears to be little potential
to improve their efficacy by habitat manipulation.

Parasitoids which represented thefirst half (mid November to mid December) of
thegenerationrecruited fromoverwinteredlarvae, however, laid lessthan 15% of their
eggs (Figure 2). This low realised fecundity was associated with a senescing,
overwintered host popul ationthat had an averagedensity of 13/m?frommid November
to mid December (Figure 1). Moreover, the relatively few eggs laid by these
parasitoidsprobably contributed littleto parasitoid reproduction sincetheoverwintered
hosts available for parasitism were liable to die before parasitoid larvae could
complete their development. It appears, therefore, that a method of increasing the
|longevity of parasitoi dswhich emerge between mid November and mid December, so
that they survive until host densitiesincrease, could enhance M. hyperodae’ simpact
on L. bonariensis. For example, in very approximate terms, increasing the number of
parasitoid adults surviving until mid December by 20%, when parasitoid realised
fecundity was 44 eggs (Figure 2), should result in a31% increase in parasitism on 20
January. Thatis, a0.2 increasein adult parasitoid density, multiplied by 1.8 parasitoid
adults/m?, multiplied by 44 eggs, equals 16 additional larvae/n?; 16 larvae/m? divided
by 51 larvae/m? (as measured on 20 January 1997; Figure 1) equalsa31% increasein
parasitism.

To exploit this potentia to enhance suppression of L. bonariensis, it is possible
that M. hyperodae adult longevity could be increased in the field by the timely
provision of suitable liquid foods. In the laboratory, the longevity of M. hyperodae
females was increased from 4 days to 17 days when they had access to liquid food
(Hodgson et al. 1993; Phillips 1998), although their potential fecundity was not
increased by thistreatment (Phillips 1998). Researchisunderway to ascertain whether
or not M. hyperodae females are already successfully foraging for food in New
Zealand farm environments. If not, then the suitability of possible food sources (e.g.
nectar bearing plants) will be examined and the most appropriate sourcestested in the
field.

Implicationsfor life history theory

The preliminary data presented in this contribution have relevance to the
development of lifehistory theory. Parasitoid fecundity has often been assumed to be
limited by the rate at which hosts are encountered, and it has only recently been
recognised that parasitoid fecundity could also be limited by egg load, although data
supportingthislatter prediction arestill rare(Heimpel and Rosenheim 1998). Thehigh
realised fecundity of M. hyperodae after mid December (Figure 2) indicates that it
could become egg depl eted before the end of itslifespan. If M. hyperodae femalesdo
become egg limited relatively frequently under New Zealand conditions, then there
could be strong selection pressure favouring higher egg loads.
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