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ABSTRACT

Host recognition behaviour of two braconid larvarasitoidsCotesia sesamiaand Cotesia
flavipeswas studied using suitable stemborer hosts Busseola fuscéor C. sesamiaeand
Chilo partellusfor C. flavipe$ and one non-hostEjdana saccharinp The wasps displayed
similar sequences of behavioural steps when lagdtieir hosts largely depending on their
antennae for host recognition and both antennae tarsil for final host acceptance and
oviposition. Tactile and contact chemoreceptiomsti from the hosts seem to play a major
role in oviposition decision by the parasitoids. dddition, the external morphology and
distribution pattern of sensilla present on antenmarsi and ovipositor of the parasitoids were
examined by scanning electron and optic microscfpgr staining with silver nitrate. Three
sensillar types were identified on the distal anteneres: (i) non-porous sensilla trichoidea
most probably involved in mechanoreception, (iipanous sensilla chaetica likely to be
gustatory and, (iii) multiporous sensilla placodigaly to be olfactory. The tarsi possess a few
sensilla chaetica which could be gustatory while thanubrium is likely to be used in
dectection of vibrations. The distal end of thepogitor bears numerous multiporous dome-
shaped sensilla. Additionally, the ability of thasps to discriminate between contact cues was
studied. When host larvae were washed in distilleater the wasps did not insert their
ovipositors. However, ovipositor insertion resumégten washed host or non-host larvae were
painted with water extracts of their respectivetHas/ae. The water extracts of the suitable
hosts were more attractive to the wasps than tldseon-hosts. Similarly, the frass is
important in host recognition during short-rangareiation as those of respective hosts are
more intensely antennated than of non-hosts. Thasiaids were able to discriminate the
regurgitant ofE. saccharinaby not antennating the cotton wool ball of thistavhile the
regurgitant ofB. fuscaandC. partellusappeared not useful in discriminating betweentive
species for both parasitoid species. Further aisalysggests the presence of a protein(s)
component(s) in the regurgitant possibly respoaditt host recognition and oviposition By

flavipes

Keywords: BraconidaeBusseola fusgaChilo partellus Cotesia flavipesCotesia sesamiae

Eldana saccharinaost recognition, Kairomones, Lepidoptera, ParaistcStemborers.
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UITTREKSEL

Die gasheerherkenningsgedrag van twee braconidalarparasitoideCotesia sesamiaen
Cotesia flavipesis bestudeer deur gebruik te maak van geskiktmlsiardergashere [i.e.
Busseola fuscair C. sesamiaeen Chilo partellusvir C. flavipe$ en een nie-gashedElfdana
saccharind Die wespes het ‘n soorgelyke volgorde van gesteggpe getoon in die
gasheeropsporingsproses en het grootliks staatgempdaulle antennas vir gasheerherkenning,
en beide die antenna en tarsi vir finale aanvagrdan die gasheer vir eierlegging. Taktiele en
kontak-chemoresepsie-stimuli van die gasheer blgk belangrike rol te speel in die
eierleggingsbesluit van parasitoide. Die eksterrmfatogie en verspreidingspatroon van
sensillae wat aanwesig is op antennas, tarsi eowp®sitor van die parasitoid is ondersoek
deur middel van skandeer-elektronmikroskopie asopkese mikroskopie nadat dit met
silwernitraat gekleur is. Drie tipes sensillae &dgntifiseer op die distale antennomere: i) nie-
porieuse sensilla trichoidea wat moontlik ‘n rolesp in meganoresepsie, (ii) uniporieuse
sensilla chaetica wat moontlik 'n smaakrol vervaj @ii) multi-porieuse sensilla placodea wat
waarskynlik 'n olfaktoriese funksie het. Op diesiawvord verskeie sensilla chaetica aangetref
wat ‘n smaakfunksie mag vervul terwyl die manubriwaarskynlik gebruik word vir die
aanvoel van vibrasies. Die distale end van die amiipr het verskeie multiporieuse
koepelvormige sensillae. Die vermoé van wespes @mnderskei tussen kontakfaktore is
bestudeer en daar is waargeneem dat op larwesnwgedistilleerde water gewas is, geen
eierboor-indringing plaasgevind het nie. Eierbomlringing is egter weer hervat wanneer
gewasde gasheerlarwes geverf is met ekstrakte avetf\nulle verkry is. Water-ekstrakte van
die geskikte gashere was meer aanloklik vir paasis die van nie-gashere. Daar is ook
waargeneem dat die mis van larwes 'n belangrikespelel in gasheerherkenning gedurende
kort-afstand ondersoeke en dat die gasheerlarwes miensief ge-antenneer word as nie-
gashere. Die parasitoide was in staat om te ongietsksen die terugspoeging vak.
saccharinaen het nie 'n katoenballetjie van die gasheerrarger nie terwyl die terugspoeging
van B. fuscaenC. partellusklaarblyklik nie bruikbaar is in die proses varderskeiding van
albei parasitoidspesies tussen die twee gashempsese. Verdere analises van die
terugspoeging het gedui op die aanwesigheid vaneijprkomponente wat waarskynlik
verantwoordelik is vir gasheerherkenning d€uflavipes

Sleutelwoorde: Braconidae, Busseola fusgaChilo partellus Cotesia flavipes Cotesia
sesamiag Eldana saccharina,Gasheerherkenningkairomone, Lepidoptera, Parasitoide,
Stamruspers.
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Chapter 1: General Introduction and Literature Review

1.1 Introduction

Maize ZeamaysL. [Poaceae]) is an extremely important crop fdiioms of people in Africa
mainly cultivated by subsistence farmers for hurcansumption while the surplus is used as
animal fodder (Minja, 1990; Kfiet al, 2002). Since the 1980s, many countries in suia%a
Africa have remained net importers of maize. ThEsattributed to a rapidly expanding
population and stagnating yields over the yearsQFA999). In spite of this, it is forecasted
that by the year 2020, the global demand for maiiehave grown by 45% of which 72% will
be in developing countries while only 18% in thdustrialised nations (James, 2003). In order
to deal with the surging demand, new methods odyecton need to be sought while
reinforcing the existing ones to better managectitaplex of problems facing maize farmers in
tropical Africa (FAO, 2002).

In the densely populated areas of eastern Afriea hlave a high yield potential, the crop is
grown on the same plot year after year due to @djoul pressure and land constraints. This
has lead to a steady decline in soil fertility andet reduction in yields (FEWS, 2008). For
example, an estimated 1.4 million hectares of maias under cultivation in Kenya, between
1994 and 1998, with an average annual grain pramuaf 2.5 million tonnes. During this
period, the average grain yield was approximatedytdnnes per hectare (FAO, 1999) although
in some areas yields often fell below 1 tonne tdre (Grisley, 1997). In Kenya, only about
2% of arable land is farmed under irrigation systemhile the rest of the farming is rainfall
dependent. This over-reliance on rainfall for prcthn poses a major hindrance to sustainable
maize production because the rains are often ladvusmmeliable (FAO, 2004). This is further
aggravated by factors such as: the lack of farnutsfike seed and fertilisers, outbreak of
diseases, inability to control weeds and crop loske to damage by insect pests (Minja, 1990;
Grisley, 1997; Bonhof, 2000).
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Of the various insect pests attacking maize incafriLepidopteran stemborers are generally
considered to be geographically widespread and desttuctive causing severe damage to the
crop (Ingram, 1958; Youdeowei, 1989; Két al, 2002) (Fig. 1.1). Estimates of crop losses
vary greatly in different regions and agro-ecolagizones. In Kenya alone, losses due to
stemborer damage fluctuates around 14% on avebBg&(oote, 2002). Therefore, these pests
present a major constraint to the increased or taiagd production of maize in areas where
they are abundant (Youdeowei, 1989). Due to thedlespread distribution and destructive
nature, stemborers have been the subject of extemesearch in Africa (Calatayust al,
2006).

In Africa, maize is usually grown in small plotstexi surrounded by land occupied by wild
graminaceous plants (Fig. 1.2). For many decatlesetwild plants were considered as natural
hosts of stemborers attacking crops (Bowden, 1H&3ently, these plants were found to have
much higher stemborer species diversity than had beported earlier. Furthermore, very few
of them were found to be hosts of economically ingott pest species (Le R al, 2006a, b;
Ong’amo et al, 2006). Cereal stemborers were classified inteethiamilies as follows:
CrambidaePyralidae and Noctuidae (Bleszynski, 1969; Harr@9Q). There exists a complex
of 12 species of stemborers from cereal crops st B&ica with the crambid€hilo partellus
(Swinhoe) andChilo orichalcociliellus (Strand), thenoctuids Busseola fuscdFuller) and
Sesamia calamistislampsonand the pyralidEldana saccharingWalker) being among the

economically most important and widely distribugtye, 1960; Youdeowei, 1989).

1.2 Stemborer control

A wide range of methods have been researched,dtestd implemented to alleviate the
problem of stemborers and their associated losBesse include among others control by
chemicals, cultural practices, host plant resistaas well as biological control agents (Keir
al., 2002).

12



1.2.1 Chemical control

In Africa, pesticides are mainly used on cash c¢rdige cotton, cut flowers and in the peri-
urban horticultural sector. However, due to inadggupublic awareness on the dangers of
pesticides in Africa compared to other contineats] inadequate end-user protection; the use
of chemicals is often unsophisticated and abugiee.example, persistent cotton pesticides are
often used on vegetables with no respect to preesaiintervals (Schwabt al, 1995). This
not withstanding, the use of chemicals in stemba@ntrol is usually recommended by
national extension agencies; and research has sti@wit can be effective in reducing pest
densities (Mathez, 1972; Warui & Kuria, 1983). Altlgh control using systemic insecticides
is far more effective, these only provide protettamainst early attacks but not borers feeding
in the ear (Fig. 1.3) (Sétamat al, 1995; Ndemah & Schulthess, 2002). In additidng t
relatively short period stemborer larvae are exgofeefore tunnelling into the stems)
necessitates repeated pesticide applications.cBinive time consuming and expensive making
chemical control impractical for the majority ofsmurce-poor, small-scale farmers in Africa
(Bonhofet al, 1997). Apart from being harmful to man and othen-target organisms, abuse
of chemicals is a major source of environmentallytioin and may eventually promote
resistance among target pests if used over a lorgydr if the pests are exposed to sub-lethal
guantities (Minja, 1990; Schwadt al, 1995)

Where insecticides are easily available, they alaively cheap and sometimes provided free
by donors with little application of cost-benef@lculations (Schwalet al, 1995). On most
food crops and in most places, however, Africarssibnce farmers do not apply insecticides.
Apart from the fact that pesticide costs are lingtitheir purchase is not high on the agenda.
Confronted by different risks, the farmers’ stratégyot to invest in risk reduction but in the
spreading of risks. This is achieved by diversidyorop types and planting different cultivars
on as large an area as labour and land accesdloan ia the hope of harvesting enough to
survive, whatever disaster may befall. In such agenthe only widely applied pest control
practice consists of cultural control measures #inatmainly concerned with the reduction of

carry-over of pests from one crop cycle to the rfftuenschwandeat al, 2003).
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1.2.2 Cultural control

Cultural control is the most relevant and economathod of stemborer control for a majority
of resource-poor farmers in Africa. However, itcisallenged by the inability of farmers to
implement the entailed practices over and abowve lieeng labour intensive (Van den Best
al., 1998). Cultural control practices in use includestruction of crop residues, intercropping,
crop rotation, manipulation of planting dates ailedge methods (Polaszek, 1998; Két al,
2002). Intercropping and early planting have bemttsed by farmers across the continent,
but studies show that their impact on stemborewufatipns is limited (Oloo, 1989; Skovgard
& Pats, 1996). Destruction of crop residues by mgman create problems in farms where the
organic matter is low and soil erosion from winddamins is severe (Van den Beeg al.,
1998). For cultural control to be effective, the-aqeration of farmers within a particular
region is required because moths emerging fromeated fields can infest adjacent crops. This
is an area where cultural control is severely qanmstd by lack of management capabilities
among farmers, especially in areas where farmingneonities lack the support of adequate
extension services (Harris, 1989). In subsistermenihg systems in Africa where farmers
normally intercrop cereals with other crops andklaaf water is a major constraint,
manipulation of sowing dates and management oft glensities is not always practical as

farmers often plant after the first rains (Van @arget al.,1998)

1.2.3 Host plant resistance

Host plant resistance is a method that aims at ldewve plant varieties with intrinsic
resistance to pests. It has been considered taldsd for the control of pests, posing no
environmental hazard and being generally compatith other control methods (Bosque-
Perez & Schulthess, 1998). An important issue Wikt plant pesistance includes appropriate
design of safety tests to yield meaningful resudtsjse effect modes of non-target harm and
the acceptability of such harm (Levidow, 2003). dlistic breeding strategy which aimed at
developing varieties with acceptable agronomic atiaristics and yield, as well as resistance
to major diseases, yielded moderate resistancererdin West Africa (Bosque-Péret al,
1997; Schulthess & Ajala, 1999). There is needrésearch to develop cultivars resistant to
polyphagous pests; more often, strong antibiosiacisieved at the cost of yield. Despite
decades of breeding for resistance, to date noemarzieties resistant to several important
stemborers is available in Africa (K&t al, 2002).

14



1.2.4 Biological control

1.2.4.1 What isbiological control?

The use of natural enemies in controlling invagiest species has received much attention in
recent times as a potentially effective method edtcontrol. As such, biological contriohs
become relatively successful especially becausenaifiral enemy specificity on target
organisms (Godfray, 1994). A compelling motivatimm adoption of biological control is a
potential permanent return to ecological conditiemsilar to those seen prior to the arrival of
the invasive pest and a reduced ongoing expenddar@esticides, labour and specialised
equipment (Hoddle, 2004). Hoddle (2004) skirts ¢issential ecological issue: predicting the
magnitude of outcome of new interactions in a newirenment; this is because the exotic
species can cause a decrease of native paraditoagyh competition for food (Elliogt al,
1996) and can also feed on native non-target osgani(Loudaet al, 2003). Biological
introductionshave also disrupted key ecological functions in ynsystems, with far reaching
implications for economic activities supported bpge systems (Heywood, 1995). However,
intentionally introduced species are likely to bfi&h in the environment since they are
selected for their ability to survive where theg amtroduced (Lonsdale, 1994; Sméh al,
1999). Due to the potential risks associated withlogical introductions, it is necessary to
elucidate whether the target species is actualpest. Also evaluate the effect of natural
enemies on non-target organisms before massivasel®llowed by elaborate post-releasing

monitoring.

1.2.4.2 Biological control of cereal stemborers

There has been renewed interest in the use ofdiabcontrol agents to reduce stemborer
population densities including ants, spiders armaviga, believed to cause a high mortality of
stemborer eggs and young larvae (Mohyuddin & Gesath1970; Girling, 1978; Oloo, 1989).
This is coupled with several attempts over the pasyears to introduce exotic parasitoids for
control of stemborers in Africa particularly forppression of the invasive exotic stemborers
like C. partelluson the mainland an@. sacchariphagus indicu¥apur)on the Indian Ocean
islands (Overholt, 1998).
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In this region, it had been recognised that indogesnlarval and pupal parasitoids were not
sufficiently abundant to keep stemborer populatiogl®w economic injury levels (Oloo, 1989;
Bonhof et al, 1997). In particular, parasitism by the most radant indigenous larval
endoparasitoid in sub-Saharan Africaotesia sesamiae(Cameron) (Hymenoptera:

Braconidae) typically never exceeds 5% at the Kemrgast (Sallanet al, 1999).

The koinobiont larval endoparasito(diotesia flavipesCameron (Hymenoptera: Braconidae)
was released in Kenya in 1993 for control of theagive exotic stembore. partellus the
economically most important pest of maize and sanghn Eastern and Southern African
lowlands (Overholet al, 1994a, b; Overhobt al, 1997).Cotesia flavipesvas selected as the
preferred candidate because of its history of sscand importance in the control of
stemborers in its aboriginal home in Asia (Overledlal, 1994a). This was to complement the
activity of C. sesamiaewhich also attacksC. partellus but was initially associated with
indigenous borer species such as the noctSidgalamistisand B. fusca (Mohyuddin &
Greathead, 1970; Overheit al, 1994 a, b; Zhoet al, 2001; Songat al, 2002).

Since its introduction at the Kenyan co&3tflavipeshas spread and become established in the
entire country (Zhotet al, 2001; Songat al, 2002; Omwegat al, 2006). At the coast, it
took four years for the parasitoid to significantyfect stemborer densities. Since then,
parasitism rates have been rising steadily and0® ZC. partellusdensities at the coast were
reduced by 57% while maize yields increased by 3% 1Zhouet al, 2001). As shown by
Jianget al (2006) parasitism is still on the increase intdigathat the pest-parasitoid system is
not yet at equilibrium. Following its success inrga and western Tanzania (Omwegjaal.,
1995; 1997), the parasitoid was released in 11ratbentries in Eastern and Southern Africa
and has become established in 10 of these (Ometegja 2006).

1.3 Factorsinfluencing the efficacy of parasitoids

A major factor affecting the efficacy of exotic paitoids is the suitability of indigenous
stemborer species and the host plants they fedHaitemichaelet al, 2008).Cotesiaspecies
belong to a group of parasitoids known as koindisiorThese parasitoids allow their
parasitized host larvae to continue feeding whike parasitoid immatures develop within the
host.
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Hailemichaelet al (2008) (forC. sesamideand Jianget al (2004) (forC. flavipe$ showed
that depending on th@otesiaspecies, parasitized stemborer larvae feed anihoengrowing

at the same rate as unparasitized ones. In additieir growth rate is greatly influenced by
temperature and host age (Jiat@l, 2004).

Such intimate parasitoid-host relationships expgseng parasitoid life stages to the host's
immune system (Godfray, 1994; Pennachio & Stra®@62 in addition to allelochemicals in
the host diet (Barboset al, 1986, 1990; Corteseret al, 2000; Sznajder & Harvey, 2003;
Ode, 2006). However, due to their inability to nbetiize plant secondary compounds present
in their hosts (Quicke, 1997); the parasitoids mr@e susceptible to these compounds as
compared to their phytophagous hosts. For exampl€, flavipes survival was shown to be
lower and immature developmental time longer w@epartelluswas feeding on wild instead
of cultivated plant species (Sétametal, 2005).

During foraging, parasitoids use volatile chemicaks (infochemicals), to guide them to a
specific host habitat and to eventually locatettbst (Vinson, 1975). Successful parasitism of
hosts is preceded by a sequence of events whitideichost habitat location, host location,
host acceptance and host suitability (Vinson, 19T6B¢ ability to perceive infochemicals is an
important factor in host location, selection, ewion, actual handling and eventual parasitism
(Dicke & Vet, 1999). For example, in olfactometstudiesC. flavipesfemales preferred
odours from stemborer-infested plants over those fiheir uninfested counterparts (Pottatg
al., 1993; Ngi-Songt al, 1996; Jemberet al, 2003; Obony@t al, 2008).

Studies by Pottinget al. (1993) and Ngi-Songt al. (1996) revealed that. flavipesandC.
sesamiaewere remotely attracted to stemborer-infested tplanegardless of the species
(herbivore or host plant) used. Furthermore, thepsacould not discriminate between host
plants infested b¢. partellus C. orichalcociliellus,B. fuscaor S. calamistisThis implies that
the parasitoids cannot remotely detect the suitpbdf stemborer species in the plants.
Therefore, the volatiles do not carry any informaton the damaging herbivore species (Ngi-
Song & Overholt, 1997). It appears that discrimmratof hosts occurs at “short-range” rather

than “long-range”, i.e., once the parasitoid hagleneontact with the herbivore larvae.

For biological control to be a reliable and effeetmethod, insight is needed into the foraging

behaviour of candidate natural enemies.
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Host location and attack is a key determinant efefficiency of a given parasitoid population;
thus, variability in host-location or host-seleatican be a major source of inconsistent results

in biological control with parasitoids (Godfray,94).

1.4 Cotesia sesamiae

Cotesia sesamiais one of the most important native larval pamdg of stemborers in many
countries of sub-Saharan Africa (Bonkeifal, 1997) attacking mid- to late larval instars of
both exotic and indigenous borer species (Mohyuydi@1) (Fig. 1.4).

Across East AfricaB. fuscais reported to be one of the most destructive lstears of maize
and sorghum and is abundant in the highlands (8l&MWNwanze, 1992). In Kenya, it is found
at elevations higher than 600 m above sea levet (l1960). At such elevationS, sesamiaés
the main larval parasitoid attackimy fusca(Overholtet al, 1994b). Despite being the most
abundant larval parasitoid in Africa (Mohyuddin &rdéathead, 1970; Polaszek & Walker,
1991), C. sesamiaels unable to effectively suppresS. partellus populations in Kenya
(Overholtet al, 1994b). In Kenya, there exist at least two lpetyofC. sesamiaecoastal and
inland, expressing differential abilities to deyelm B. fusca(Ngi-Songet al, 1995). The
inland biotype successfully developsBnfusca whereas the coastal one does not (Ngi-Sing
al., 1995). This variation in parasitism Bf fuscaby C. sesamiaés attributed to physiological
suitability and an encapsulation mechanism by wbihbosited eggs are melanisedBinfusca
(Ngi-Song et al, 1995; Ngi-Song et al, 1998; Mochiahet al, 2002). Encapsulation of
parasitoid eggs reduces the efficiency of a giveragitoid species especially in regions where
the unsuitable host is the predominant pest spdblgsSonget al, 1995; Obonycet al,
2008).

During oviposition, most parasitic hymenoptera w©j@ét with their eggs factors that are
responsible for suppression of the host's immurgoese, including venom from their
accessory glands (Asgai al, 2003) as well as polydnaviruses that work inesgg to bring
about host regulation and immune suppression (Rish&rParkinson, 2000). The presence of
the virus is asymptomatic in the wasp but causemphysiological disturbances in host
larvae in which several viral genes are expresbBled.most commonly observed pathologies in
infected caterpillars are suppressed immunity aneldpmental arrest prior to metamorphosis.
These two conditions are essential for the survarad growth of the wasp larvae inside its
hosts (Beckage & Gelman, 2004).
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Calyx fluid experiments reveal that the substanaesnjected by the inland strain o.
sesamiaaluring parasitism oB. fuscasuppress the host immune system, while those finem
coastal strain do not. Consequently, the two straih€. sesamiaeare termedB. fusca

(virulent and avirulent) respectively (Mochiahal, 2002).

There is relatively less information on the biolagfythe indigenous parasito{d. sesamia@s
opposed to that of its exotic counterp@rtflavipes This is because it came into the lime light
during the initiation of the classical biologicairdrol program at ICIPEuring 1993. Thus it
was assumed that its biology and behavioural ategresemble those Gf flavipes.

1.5 Cotesia flavipes

The biology ofC. flavipeswas initially studied and recorded by Gifford & Mafl1967), and
later by Mohyuddin (1971). Briefly, the adult ismall wasp about 3-4 mm in length and lives
for only a few days. Females lay about 15-65 eggs the host larva and eggs hatch after
about 3 days. The parasitoid larvae develop thrabgee instars within the stemborer larva
feeding on body fluids. The egg-larval period tabsut 10-15 days at 25, 50-80% relative
humidity (RH), and a photoperiod of 12:12 (L:D) fhe final larval instars of this parasitoid
emerge from the host body by chewing through thembobrer larval integument and
immediately spin a cocoon and pupate. Adult pavaisitemerge 6 days later at’€5 50-80%
RH, and a photoperiod of 12:12 (L:D) hr. Usuallyukigparasitoids emerge in the morning
hours of the day and mating begins soon afterw@dsthet al, 1993).

Recent findings on the interaction ©f flavipeswith native, non-target lepidopteran stemborer
species in Africa showed that this exotic paragitmas a high specificity for its aboriginal host
C. partellus (Obonyo, 2005) and with minimal non-target harnb@@yo et al, 2008). In
addition, C. flavipeshas a higher searching efficiency attacking marede tharC. sesamiae
when C. partellusis the host. This shows that it is a more effitiparasitoid againsC.
partellusthan the indigenou€. sesamia€Sallamet al, 1999). With exception dB. fuscain
which C. flavipeseggs are encapsulated, the parasitoid attacksaewkessfully develops in
several other stemborer species suclCagpartellus C. orichalcociliellusand S. calamistis
(Ngi-Songet al, 1995).
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1.6 Parasitoid host location and recognition

Despite their cryptic lifestyle, stemborers do Bstape parasitism by their natural enemies.
This is because parasitoids have evolved varioasegies of attacking concealed hosts living
inside plant stems. Smitt al. (1993) grouped the strategies employed by paidsito attack
stemborer larvae into four categories: (i) “probel ating” tactic, where parasitoids probe
through the leaf sheath to find early instar larwakile other species probe through the exit
hole of the stem tunnel to find mature larvae amtyshem. A related tactic is (ii) “wait and
sting”, where parasitoids insert their long oviposs through one of the tunnel holes then wait
till the host larva passes by and is close enoogloviposition to occur. Parasitoids with (iii)
the “drill and sting” strategy have long and stromgpositors to parasitise their hosts at a
distance from outside the stalk. Parasitoid spesiesh asCotesiaspp. which have small
ovipositors adopt (iv) the “ingress and sting” tacsince they are small enough they enter the

stem tunnel and parasitise their hosts.

1.6.1 Host location

Host location is the process whereby parasitoidsgdee and orient towards their hosts from a
distance by responding to stimuli originating fréme host or its products (Smiét al, 1993).
During host location, parasitoids utilize both lorand short-range chemical stimuli
(infochemicals) arising from the host habitat anfr the host itself (Godfray, 1994). Vinson
(1976) categorised the process resulting in sutiddssst parasitism by insect parasitoids into
four steps: (i) host habitat location (ii) host aton (iii) host acceptance, and (iv) host
suitability. The first three steps constitute thosthselection process. Habitat and host location
constitute long-range approaching behaviour bagesh weception of volatile compounds. In
each of these, female parasitoids often use chémiitauli to guide them in searching for
suitable hosts. Perception of infochemicals is mpartant component in host location,

selection, evaluation, actual handling and evergagdsitism (Dicke & Vet, 1999).
The sources of these infochemicals are also broezatiygorised into three: (i) stimuli arising

from the host microhabitat or food plant (ii) stilimmdirectly associated with the presence of
the host, and (iii) stimuli arising from the hostelf (Vinson, 1976).
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Although these categories blend into each otheir tanking roughly reflects their increasing
importance as indicators of host presence (Godft894). Chemical stimuli emanating from
the hosts and their habitat are directly involve@@mmunication and exert influence on other
trophic levels. These tritrophic interactions inunf plants, herbivores and their natural
enemies represent an intricate array of chemidadtances known as allelochemicals (Vinson,
1976). Long-range attractants arise from the hashrounication system and host food
(Vinson, 1976). These volatile allelochemicals #re most reliable cues for the foraging
parasitoid only if they are specific for the hedn® species or when the cues can be learned by

a searching parasitoid (Dicke & Vet, 1999).

Damaged plant tissue plays a major role in narrgviire search area for natural enemies once
located in the host community. Once near a potehtiat community, foraging parasitoids
often fly over damaged plants landing briefly whilatennating for useful cues, if the cues
produced are not useful, the parasitoids immediaedume their search (Vinson, 1975). For
example, the braconid parasitohrdiochiles nigricepsviereck once situated in a tobacco
field flies 2-3 cm above the plant, lands brieflydaantennates damaged plant tissue. Should
the damage be mechanical or not due to an in$ecpdrasitoid resumes her search. However,
if the damage is due to a potential host, the bhiebawf the parasitoid changes from flying to
crawling on the plant (Vinson, 1975). The imporeraf plant cues irC. flavipesand C.
sesamiaerientation toward various hosts has been obseinoed behavioural studies in the
laboratory using olfactometric bioassays. For eXamine female parasitoids prefer odours
from stemborer-infested plants over those fromrteinfested counterparts (Pottieqg al,
1993; Ngi-Songet al, 1996; Jemberet al, 2003; Obonyo, 2005; Obonwb al, 2008).

Allelochemicals emitted by infested plants whick attractive tcC. flavipesandC. sesamiae
primarily consist of green leaf volatiles such &9-4,8-dimethyl-1,3,7-nonatriene and (2)-
hexenyl acetate and alcohols such as phenol (Nggr8bal, 2000; Obonyo, 2005; Obond

al., 2008). Plants accumulate compounds as “cheméssdrves” in specialized glands and
upon infestation their leaves produce green le&dthes (GLVS) by breaking down membrane
lipids (blends of saturated and non-saturateehl€ohols, aldehydes and esters) (Paré &
Tumlinson, 1999).
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Several studies have shown quantitative and qtieétadifferences in volatiles between
herbivore-infested plants and uninfested plants @dwandran & Norris, 1991; Turlings al,
1991a, b; Tumlinsoret al, 1992; Takabayastet al, 1995; Turlingset al, 1998; Rose &
Tumlinson, 2004) including maize, sorghum and Nagass (Ngi-Songt al, 2000). These
phyto-distress signals (allelochemical emissionyulttng in active interaction between
herbivore-damaged plants and a third trophic letielve been described for several agro-
ecosystems and over 15 plant species involvedantyspider mite-predatory mite and plant-

caterpillar-parasitoid systems (Dicke & Van Loof0R).

Chemoreception is the primary sensory modality tiatiral enemies rely on to locate their
hosts. This is because they encounter a wide yamiestimuli (both plants and herbivores )
which may be potentially useful sources of inforimat Therefore, the appropriateness and
usability of the information perceived ultimatelgmends on two factors: (i) its reliability in
indicating host presence, accessibility, and silitalas well as, (i) the degree to which the
stimuli can be detected (Vet & Dicke, 1992). In teeruitment ofC. flavipesandC. sesamiae
plant derived volatile compounds do not carry infation on the damaging herbivore species
(Ngi-Song & Overholt, 1997) and the parasitoids @ften found attracted to plants containing
unsuitable borer species (Ngi-Song & Overholt, 299Bonyoet al, 2008). Consequently,

other volatiles must be exploited by the parasgdat successful parasitism of hosts.

Cotesia flavipesandC. sesamia@are unable to discriminate between host plantsiatebyC.
partellus C. orichalcociliellus,B. fuscaand S. calamistis.Furthermore, when offered frass
from these species in an olfactometer, neithethefgarasitoids could remotely discriminate
between the hosts (Pottieg al, 1993; Ngi-Songet al, 1996). In other studies, it was reported
that host frass plays an important role in theuigarent of C. flavipesto an infested plant
(Pottinget al, 1995). However, this is not the case for thandl strairof C. sesamiaeRecent
findings showed that upon close examination, tmeales are able to discriminate frass of the
host from those of non-host stemborer species (Qitgpublished data). Ramachandran &
Norris (1991) observed that plant odours are madef several chemicals, some of which may
be unique to a single species while others areedhamong many. It is possible that the
emitted plant odours may not be important for lhstrimination as they carry no information
on the suitability of the stemborer species. Ashsutamaged plants odours merely inform

natural enemies on herbivore presence but notslitiyeof the damaging species.
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1.6.2 Host recognition

Once a parasitoid has located a potential host aoniyn the female seeks cues to the
recognition of its hosts. This usually involves dshirange” chemoreception of non-volatile
products arising from the herbivore (Vinson, 1988hen approaching its host, a female is
exposed to chemical cues that are host derivedtiches may be host specific (Tumlinsstn
al., 1992), most often, these chemicals are fountienhibst products like: (a) body odour, (b)
frass or honeydew for phloem feeders, (c) webbjdpsalivary constituents, (e) body scales,
(f) egg chorions and, (g) host pheromones (Vinddi76; Vet & Dicke, 1992). In addition, oral
extracts from larvae feeding on plants have beawshto have a potential of attracting
parasitic wasps as well as inducing volatile ermissin plants even in the absence of
herbivores. However, the release of the volatidemdirect because it is induced by volicitin
[N-(17-hydroxylinolenoyl)-L-glutamine] a compoundgsent in the regurgitant (Turlings al.,
1990; Albornet al, 1997).

Short-range compounds are stimuli derived diretthyn the host and are thought to be most
reliable in informing the parasitoid of host preseriGodfray, 1994). Studies in the laboratory
have shown that. flavipesprobes and stings the unsuitable Hdstuscaonly in the presence
of short-range contact cues (Ngi-Somrg al, 1995). This suggests that a closer host
examination both externally and internally, is fangental for parasitoids to discriminate

between suitable and unsuitable hosts.

According to Vet & Dicke (1992), the major consttaito the usefulness of information
released by herbivores is the low detectabilityat®lity problem. This is particularly more
severe over a distance and is mainly due to twgorea Firstly, herbivores are a small
component of a complex environment and if they poedodours, these are usually in minute
guantities. Secondly, continuous selection for megdcuousness acts on herbivores as a way to
escape parasitism and predation. Therefore, miatmiz of odour emission is one way to
accomplish this goal. The more successful the tieréi is in avoiding information
conveyance, the more natural enemies have to eaurmfdrmation from plants (Vet & Dicke,
1992).
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1.6.2.1 Host external examination

Chemical cues perceiveda sense organs (antennae, tarsi and ovipositor)ngvertant for
host selection and acceptance (Godfray, 1994). iaion and recognition of non-volatile
cues on the body surface of larvae is a crucig stediating stemborer attack by parasitoids.
This is achieved by the receptors on the para&tsiehse organs. Among braconid parasitoids,
the antennae are the most important structuresiviestoin host location (Godfray, 1994).
Canale & Raspi (2000) conducted a scanning electriznostopic examination of the last
antenomere 00pius concolor(Szepligeti) (Hymenoptera: Braconidae) showing ghesence

of different sensilla types which may be involvadhost location. Additionally, morphological
examination of the tarsi revealed the presence=pnéilia that could be involved in receiving

vibrational signals.

In a study on the behaviour 6f concolor females were tracked using a binocular microscope
during host searching activity. It was observed tih@re exists a latency period of 40-45
seconds, during which females remained stationaityowt initiating searching. In this phase
the antennae were maintained wide apart and raisede the surface. Afterwards the female
walked rapidly, alternately drumming her antennadhe surface. The antennae were directed
forwards with the apical portion curved outwardsitadrummed on the surface (Canale &
Raspi, 2000).

For the congeneric parasitoi€s flavipesand C. sesamiagit is believed that the antennae
(Ngi-Song & Overholt, 1997) and possibly the le§(th et al, 1993) are involved in host
examination and recognition. The use of the anterineC. flavipesand C. sesamiaevas
observed by presenting washed (in distilled wadag unwashed host larvae to the parasitoids.
When encountering unwashed larva, a female pai@dsiftten approached it in a random
manner but as it drew closer, the rate of antengaind walking increased and it soon stung
the larva. However, when the host larva was wastiefemale wasp often walked several
times over it without showing any signs of increhssearching behaviour (Ngi-Song &
Overholt, 1997). It has been observed that fer@al#avipesandC. sesamiaeften oviposited

more readily in unwashed larvae than in washed/iddals (Ngi-Song & Overholt, 1997).
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1.6.2.2 Host internal examination

Once a parasitoid has received sufficient stinelited to the external cues of host larvae, the
ovipositor is unsheathed and thrust into the laf@mithet al, 1993). For endoparasitoids, the
cues to oviposition are detected while the ovipwosis inside the host (Vinson, 1985).
Parasitoids have been observed to frequently inkeit ovipositors into a host but without
laying eggs. This is because their ovipositorsuateally covered in sensilla that may be used in
perceiving suitability of the host. It is very ligethat the parasitoid may reject a host after
perceiving that the host is unsuitable (Godfray94)9 Internal examination of hosts has been
reported inO. concolor parasitisingCeratitis capitata(Wiedemann) (Diptera: Tephritidae)
larvae. On arriving on the patch where the hokidated, the parasitoid remains stationary and
randomly inserts her ovipositor into the spot poergly antennated. Having located the larva, it
probes a potential host before deciding to ovipoSite wasp stings the larva with the

ovipositor then either departs rapidly or goes dheday eggs (Canale & Raspi, 2000).

Hosts may be rejected due to several conditioriernial marking pheromones or due to the
fact that the host is already parasitized, or thet hmay be physiologically unsuitable and
lacking the necessary cues that would indicatsuitability (Vinson, 1985). In other cases the
host is rejected due to its chemical combinatioarafno acids and inorganic ions as compared
to the haemolymph composition of what is perceit@de the true host (Godfray, 1994).
Rejection of hosts after internal examination has meen reported irC. flavipesand C.
sesamiaeespecially since reports have shown that they beothosit in the unsuitable host
such asB. fusca(Ngi-Songet al, 1995; Obonyo, 2005; Gitau, 2006). For exampiethie
noctuid, S. nonagrioidegEastern biotype)C. flavipesprobes and stings the larvae with the
ovipositor but the parasitoid eggs were not obskafter dissections, it is not clear whether the
parasitoid rejected the stemborers (failed to lggsg after perceiving their unsuitability
(Obonyo, 2005).

In other studies, the time taken prior to and dyrviposition has been used to predict the
success of oviposition. For example, in the pavakiof C. capitata, O. concolor, stings
resulting in successful oviposition generally ldster 30-45 seconds, a time considerably
longer than the possible preceding attempts in hvbigposition is aborted. From these studies,
it was concluded tha. concoloruses her ovipositor for host discrimination (Car&lRaspi,
2000).
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Similarly, oviposition inC. flavipesandC. sesamia@ccurs rapidly and is termed successful
when the ovipositor remains thrust into the lareadbout 3-5 seconds (Smiét al, 1993).
However, it has also been observed that there difference in time taken by the females to
oviposit in suitable or unsuitable hosts (Ngi-Sat@l, 1995). This suggests that the duration
taken during oviposition alone is not an accurammeter in ascertaining the success of the
event. It is not known if the ovipositors of thgs@rasitoids have sensilla that function solely

for the purpose of internal examination and whethey are useful for host discrimination.

1.7 Sensilla used in host examination by parasitoids

Parasitoid sensilla on the antennae, tarsi andositgr can be broadly categorised into three
main groups on the basis of their morphological alcstructural characteristics (Zacharuk,
1985):

(1 Mechanoreceptors: non-porous and innervated byienson each.

(i) Gustatory: uniporous on their tips and frequentlgsomiated with a
mechanoreceptor neuron and are innervated by nhare ane neuron (Fig.
1.5b).

(iir) Olfactory: generally multi-porous and are innerdaby several neurons (Fig.
1.5a).

1.7.1 Sensilla on the antennae

Female parasitoids use their antennae as the prirmansory organ for host external
examination (Van Baaren, 1994). Among the Encyrtidg@arching females exploit external
stimuli using both olfactory and gustatory sensillereas the Myrmaridae only use gustatory
sensilla. For braconid parasitoids, although otfactorgans are useful for long-range host
location (Obonyo, 2005; Obonyd al, 2008), gustatory sensilla appear useful for exation
prior to oviposition (Canale & Raspi, 2000). The ex& morphology of the antennomeres
among braconid parasitoids appear simpler and giypenore uniform than those of chalcids
(Van Baaren, 1994; Canale & Raspi, 2000). In the foritiie distal antennomeres which are

mainly involved in substrate drumming possess #anschodea and placodea.
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These two sensilla types are believed to play t¢ustaand olfactory roles, respectively
(Barbarossa Tomassiet al, 1998).

1.7.2 Sensilla on the tarsi

In some parasitoid species, the pretarsi are djractolved in host location. In the family
Eulophidae Sympiesis sericeicornidees has been found to have both mechano- and ehemo
receptors on the parasitoid claws which are betfietee be important in host detection and
reception of vibrational signals from the host (Meileret al, 1997). Morphologically similar,
tarsi of O. concolorhave been suggested to play a similar role iniveggevibrational signals
(Canale & Raspi, 2000).

1.7.3 Sensilla on the ovipositor

The ovipositors of parasitoids are considered t@im®ng the main organs involved in host
discrimination (Van Baaren, 1994). The ovipositor, many parasitoid families including
Braconidae, is primarily composed of (i) a sting gagan which is inserted into the host and is
usually enveloped in a pair of valves) and, (iie tgonostyli which surround the sting
(Hermann & Douglas, 1976). The sting is normallye@d by campaniform sensilla which
may function as chemoreceptors to detect ovipostiomulo or deterrent factors associated
with suitable and unsuitable hosts respectivelye@@yet al, 1977; Le Ralec, 1991; Van
Baaren, 1994; Canale & Raspi, 2000). These sensdla atso function as mechanoreceptors
sensitive to tactile stimulations (Greamy al, 1977). The gonostyli are characterised by
abundant trichoidea sensilla which are assumedetstinulated during pre-stinging or pre-

oviposition probing (Hermann & Douglas, 1976).

1.8 Kairomones stimulating oviposition in parasitoids

Kairomones stimulating oviposition in parasitic wasomprise of proteins, glycopolypeptides
or sericin-like polypeptides, free amino acids, agg sesquiterpens, alcohols, phenols and
ketones (Table 1.1). They can be located in thenbianph of host larvae (e.g., Lepidopteran
larval haemolymph has been found to induce hostaace in certain parasitic wasps [Tilden

& Ferkovich, 1988]), in the mandibular glands, e ¥rass or directly in the plant (Table 1.1).
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To the best of our knowledge, kairomones respoadibt inducing host acceptance @
sesamia@andC. flavipeshave not yet been identified.

1.9 Goal and objectives

The main goal of this study was to understand #msasbof host recognition by the exotic and

indigenous parasitoi@. flavipesandC. sesamiaggspectively

Therefore, the study was conducted along four robjactive lines and is reported as separate

chapters of the entire thesis:

() To assess the host-handling behaviour of theagi®ids; a prerequisite was a
detailed observation of the external ovipositiomdegour on both host and non-host

stemborer larvae;

(i) To identify the sensory structures involved host location, recognition and

acceptance by these parasitic wasps;

(i) To isolate contact kairomone(s) involved iarpsitoid host location, recognition

and acceptance;

(iv) To identify the kairomone(s) mediating hostdtion and acceptance by these
parasitic wasps.
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Figure 1.1. Damage to leaves (A), stems (B) and(€)lzaused by Lepidopteran stemborers
(sources: ICIPEBtemborer project (A and B) and Gitau, C.A.W. (C).
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Figure 1.2. Maize plot surrounded by wild grassesi(ce: ICIPE stemborer project).
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Figure 1.3. Chemical control in a maize plot (sougeOng’amo).
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Table 1.1 Kairomones stimulating oviposition amagasitoids and their source.

Reference Par asitoid . Host . Source Kairomone
(Genus and Family) (Genusand Family)
Bénédett al. (1999a & b) Diadromus Acrolepiopsis silk cocoon glycoproteins,

(Ichneumonidae)

(Yponomeutoidea)

glycopolypeptides

Burks & Nettles (1978)

Eucelatoria
(Tachinidae)

Heliothis
(Noctuidae)

cuticle of the larvae

Elzenet al (1984)

Campoletis
(Ichneumonidae)

Heliothis
(Noctuidae)

plant (cotton)

sesquiterpens

Hassel (1968)

Cyzeni
(Tachinidae)

Operophtera
(Geometridae)

plant (Fagaceae)

sucrose, fructose

Diadromus

Acrolepiopsis

Gauthieret al. (2004) (Ichneumonidae) (Yponomeutoidea) silk cocoon polypeptides
Microplitis Heliothis frass, saliva, .
Joneset al. (1971) (Braconidae) (Noctuidae) haemolymph methylhentriacontane
. . 2-palmitoyl- and 24
Kuwaharaet al (1983) Venturia . PIOd'a. Frass oleoyl-cyclohexane- I, 3
(Ichneumonidae) (Pyralidae) dione
Eriborus Ostrinia 11 free amino acid
Ma et al (1992) . . frass, oral secretion | including serine an
(Ichneumonidae) (Pyralidae) glutamic acid
Mudd & Corbet (1982) Venturia Ephestia 2-acylcyclohexane-1-3-

Mudd et al. (1984)

(Ichneumonidae)

(Pyralidae))

Mandibular glands

diones

) ) . 2-palmitoyl- 2-
Nemotoet al (1987) Xsr?ﬁgllj?noni dae) Eﬁ)r:j?zt(lgyrali(d?g? lidae), Frass stearoylcyclohexane-1,3
dione
frass, haemolymph,

Nettles & Burks (1975)

Archytas
(Tachinidae)

Heliothis
(Noctuidae)

entire larvae, pupag¢
emerged adults

2 protein (30 kD)

Cotesia

Plutella

Rouxet al (2007) (Braconidae) (Plutelidae) larval cuticle lipids
Bracon Ephestia . 2-acylcyclohexane-1-3-
Strandet al. (1989) (Braconidae) (Pyralidae) Mandibular glands diones
Takabayashi & TakahashiApanteles Pseudaletia Frass 2, 5-
(1989) (Braconidae) (Noctuidae) dialkyltetrahydrofuran
Lixophaga Diatraea frass, plant
Thompsoret al. (1983) (Tachinidae) (Pyralidae) (sugarcane) phenols, alcohols, sugar
Cardiochiles Heliothis methyl hen-, di-

Vinsonet al. (1975)

(Braconidae)

(Noctuidae)

Mandibular glands

tritriacontane

Weseloh (1977)

Cotesia
(Braconidae)

Limantria
(Bombycidae)

silk producing glands

sericin or fibrinogen like
protein
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Chapter 2. Host Recognition Behaviour in Cotesa sesamiae and Cotesia

flavipes, Parasitoids of Gramineous Stemborersin Africa

2.1 Abstract

Host recognition behaviour of two braconid larvakasitoidsCotesia sesamiaand Cotesia
flavipeswas studied using suitable stemborer hosts Besseola fuscéor C. sesamiaeand
Chilo partellusfor C. flavipe$ and one non-hosE]dana saccharinp A single 3%-4" instar
larva was introduced into a glass Petri dish togretbith a naive, putatively mated female wasp
and the behavioural events displayed by the wasprded until it stung the larva or for a
maximum of 5 minutes where stinging did not occlihere was a clear hierarchy of
behavioural steps which was similar for both paoasispecies. In the presence of suitable host
larvae, after a latency period of 16-17 sec thepwagalked rapidly drumming their antennae
on the larva. After host location, which lasted@Dsec, and antennal examination of about 30
sec, ovipositor insertion occurred. Stinging tleeulted in successful oviposition usually lasted
5-6 sec. In the presence of non-host larvae, tieadgy period was between 25-70 sec, and the
female parasitoids spent significantly more timdking and drumming their antennae on the
larvae without showing oviposition behaviour. Theotparasitoid species use their antennae
for host recognition, and both the antennae arsl tar final host acceptance for oviposition.
Tactile and contact-chemoreception stimuli from thests seemed to play a major role in

oviposition decision o€. sesamia@ndC. flavipes
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2.2 Introduction

As mentioned in chapter one, in sub-Saharan Afriegidopteran stemborers of the
Crambidae, Pyralidae and Noctuidae families areettenomically most important pests of
maize and sorghum (Harris, 1990; Polaszek, 1998; éfal, 2002). The most cited species
are the crambidChilo partellus(Swinhoe) the noctuidsBusseola fusc@-uller) andSesamia
calamistis Hampson,and the pyralidEldana saccharinagWalker) (Polaszek, 1998). With
exception ofC. partellus which was accidentally introduced from Asia irBouthern Africa

sometimes before the 1930s (Tams, 1932), the o#tlnermdigenous to the African continent.

During the early 90s, the International Centre ddebt Physiology and Ecology (ICIPE)
renewed emphasis on biological control activitid®ie most abundant larval parasitoid
recovered from stemborers in East and Southerc#\fs the gregarious bracorid sesamiae
Parasitism is usually below 5% though in some lgealit can attain 75% (Kfir, 1995; Sallam
et al, 1999; Jianget al, 2006; Songat al, 2007).Cotesia flavipesCameron, a close relative
of C. sesamiae was introduced into Kenya from Asia in 1991 ametkased against.
partellus in the coastal area in 1993 (Overheltal, 1994b), where it reduced. partellus
densities by over 50% (Zha al, 2001; Jianget al, 2006).

In order to establish, the parasitoid must firgiake and be able to discriminate suitable from
unsuitable hosts in its new habitat. Behaviourahevé&ading to successful parasitism include
host habitat location, host location, host accemaand suitability (Vinson, 1976; 1985;
Godfray, 1994). During location of hosts, they tgly exploit long and short range stimuli
emanating from the host habitat (Vinson, 1975; Gdf1994), followed by stimuli directly
associated with the host and its products (Vind®85; Vet & Dicke 1992; Godfray, 1994).
However, stimuli from the habitat do not conveyfisigntly reliable information on the
suitability of host species but are mere indicatdreerbivore presence (Ngi-Song & Overholt,
1997). As a resultC. sesamiaeand C. flavipesare often attracted to plants harbouring
unsuitable stemborer species (Pottetgal, 1993; Ngi-Songet al, 1996). Therefore, it is
suggested that. sesamia@andC. flavipesfemales, though not capable of recognizing a host
species from a distance, are able to distinguighlsa from non-suitable hosts at close contact
(Obonyoet al, 2008).
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This is especially crucial for the establishmend @fficacy of the exoticC. flavipes which
encounters many new suitable and unsuitable hoestsnew environment in Africa (Le Rét
al., 2006).

In order to understand contact host discriminati@haviour of the congeneric species, this
study attempted to identify the behavioural steppldyed by the females prior to host

acceptance for oviposition. Host recognition andeptance behaviour has been well studied
for various parasitoids (e.g., Vinson, 1985; Gogfrd994; Vinson, 1998; Canale & Raspi,

2000), but there is a lack of detailed information the step-by-step process leading to
oviposition byC. sesamiaandC. flavipes

2.3 Materialsand methods

2.3.1Insects

The adults ofC. sesamiaeand C. flavipeswere obtained from laboratory-reared colonies
established at ICIPE, Nairobi, Kenya. Te sesamiaecolony was initiated with materials
obtained fronB. fuscacollected from maize fields in Kitale, Western kanin 2006, whileC.
flavipeswas obtained fronC. partellusin coastal Kenya in 2005. Twice a year, field ecléd
parasitoids were added to rejuvenate the colo@ietesia sesamiagndC. flavipeswere reared
on larvae of their true hostB, fuscaand C. partellus respectively, according to the method
described by Overhott al (1994a) Parasitoid cocoons were kept in Perspex cagesr(3®

30 cm x 30 cm) until emergence. Adults were fecad0% honey-water solution imbibed in a
cotton wool pad and kept under artificial light 4 hrs to mate. In all experiments, only 1-
day-old, naive, putatively mated females were used. experiments were carried out at 25 +
2°C, 50-80% RH, and a 12:12 hr (L:D) photoperiod.

Three stemborer species were used in the stBdyfuscaand C. partellusas host ofC.
sesamiaeand C. flavipes,respectively,and E. saccharinaas a non-host of both parasitoid
species. Preliminary tests showed that neitherspard attackecE. saccharingfObonyo M.,
personal observationEldana saccharinandB. fuscawere collected from maize fields in the

Western Province, whil€. partellusoriginated from maize grown in the coastal region.
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The larvae were reared on artificial diet accordimghe methods described by Ochiexical
(1985) (for C. partellu3 and Onyango & Ochieng’-Odero (1994) (f&. fuscaand E.
saccharind. Thrice a year feral stemborer larvae from tihegpective locations were added to

rejuvenate the colonies.

2.3.2 Experimental procedure

Third and fourth instar larvae were introduced ija@s (10 cm x 20 cm) containing pieces of
maize stem and left for 24 hrs to feed and produass. Thereafter, a single larva was
tansferred into a glass Petri dish of 7 cm diamated 1 cm height together with a wasp.
Recording of behavioural events displayed by theafemwvasp begun immediately after its
release into the arena and continued until it stimeglarva or for a maximum of 5 minutes if
the wasp did not sting the larva.Some wasps wdletlkby the host before stinging the larvae.
In this case, both the wasp and larvae were exdldien the analyses. For every replicate
consisting of a single parasitoid and stemborelathe arena was used only once then cleaned
in distilled water and air-dried. Similarly, a slagvasp and larva was used only once. A total
of 50 observations were made for each parasiteisorer larva combination. All larvae that
had been stung by the parasitoids were reared tifitial diet and monitored daily until

cocoon formation, pupation or death.

A digital video camera (Panasonic, Japan) with aincal zoom system (Computer TV zoom
Lens, 8-80 mm) connected to a VHS video recordiene(tlapse video cassette recorder,
Panasonic, AG-6730) was used to record the paidsitoehavioural steps. In nature, adtlt
sesamiaeand C. flavipesare generally active throughout the photophaseacslty around
12:00hrs, under conditions of increased light istignand temperatures (Mohyuddin, 1971).
Thus, in the laboratory, their activity was indudsdplacing them under bright artificial light
and temperature maintained at aboutC2§Overholt, 1993; Smithet al, 1993). The
experiments were conducted between 10:00 and 1#:.00he arena was illuminated by a
white 60 W Philips light bulb while maintaining themperature at 25 +Q.

50



2.3.3 Behavioural steps

The behaviour of a female wasp was described mgesf her body posture and movement
when encountering a larva. The behavioural stepsmartually exclusive events described as a
combination of orientation and movement of différdaody parts especially those bearing
sensory structures (i.e., antennae, tarsi and sk@®. These steps are the smallest scale of a
composite, which could be reliably and repeatedbgsenved. The six behavioural steps
displayed by the parasitoids were as follows (Rid.): (1) standing still with the antennae
upright and apart - as soon as it had been droppeatle arena it would usually remain
motionless parsitoid (ST); (2) grooming of reardegnd/or antennae - this is believed to
involve the cleaning of the antennae to exposesémsory organs (G); (3) walking and
antennal drumming of the arena - this is linkedh® searching of the larvae in the arena (W);
(4) walking and drumming of the larval body witletAntennae - the parasitoid has locacted the
larva and is walking on the larva examining theiateitbefore deciding to sting (WB); (5)
stinging attempt - usually occurs when the wagstto probe the larval body but the process is
too short compared to normal oviposition (less thsgcs) (SA), i.e., unsuccessful or disrupted
ovipositor insertion; (6) oviposition (O), i.e., gwessful ovipositor insertion, followed by
voluntary parasitoid dispersal (the process is aléosecs long). The total duration of each
behavioural step was also recorded.

In the event that the wasp attempted to sting #meal (SA) or where it went ahead and
succefully inserted her ovipositor (O), these larwegere reared individually in vials containing

artifical diet while being monitored daily for camo formation, mortality or pupation.

2.4 Data analysis

The analysis of the behaviour of female parasiteét€ountering stemborer larvae was
performed by Proc CATMOD of the SAS system (SASilu, 2003). The analysis was
conducted on the total number of transitions betwadkepossible pairs of behavioural steps and
the data were pooled for all females using tramsdti frequencies of all transitions between
pairs of behavioural patterns.

Transitional frequencies were used to form a cgeticy table § x q x r), in which the first
variablep represented the possible “preceding” behaviourthadsecond variablg represents

the possible “following” behaviour, whilerepresented the host larva.
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“Logical zeroes” occur in the table, where one ehaal pattern cannot follow another, or
between identical preceding and following behaviour

Log-linear models were constructed based upon fpecbmbinations of interactions to
provide expected values of transitional frequentoeshe contingency table. The rationale and
method of analysis had previously been describeBayet al (1996) and Hora & Roessingh
(1999). The goodness-of-fit of the log-linear modek assessed by likelihood ratio statistic (G

tests).

Where the expected values of a model were notfggntly different from the observed table,
the assumptions of that model were accepted asssemge and sufficient to explain the
observed data. In addition, an index was calcul&teqguantify the dissimilarity between the
expected values under the assumptions of each raadehe observed values. The probability
of each transition given the preceding behaviows alao calculated. To identify the transitions
that were a significant part of a sequence of belaal steps, standardized residuals of the
observed transitions were calculated; when comp#&wed model that did not include the
assumption of dependence of following and precetigigavioural steps. Significant positive
transitions — i.e., those for which positive staddaed residuals were obtained, which were
greater than the calculated threshold — were usedonstruct kinetograms of the host
recognition and acceptance behaviour. Chi squats-teere used to compare the percentage
occurrence of behavioural steps with respect tmisteer species. The Binomial proportions
test of the SAS system was used to separate proap®f host larvae stung, forming cocoons,
dying and pupating (SAS Institute, 2003)(Table R.For the data of the total duration of
behavioural steps, Tukey’'s studentized range test used to separate the means using the
GLM procedure of the SAS system (SAS Institute,300

2.5 Results

When femaleC. sesamiaeand C. flavipes encountered a larva, their behaviour varied
depending on whether it was a host or non-host. é¥ew no difference in behavioural steps
was observed between the different parasitoid spedVhen approaching their respective
hosts, the wasps walked in the arena drumming #mennae till they located the larva. They

jumped on the larva, briefly antennated the labaaly and then inserted the ovipositor.
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On host larvae, increased WB culminated in O, widlenon hosts a high WB value did not
translate to O (Figs. 2.2 and 2.3). During WB, théeanae were directed forwards and the
apical portion curved down and backwards as theyndred the surface. Only the distal ends
of the antennae were observed to be in direct contigh either the arena or larval surface.
When C. sesamiademales were presented with fusca they frequently displayed four pairs
of behavioural transitions (probability of transiis > 0.01), i.e., (i) ST - W, (ii)) W - WB, (iii)
WB - O and, (iv) WB — W (Fig. 2.2). Among the waspsted (N=50), the occurrence of O was
66%, while SA was 16 %( Fig. 2.2). Of all the stuagvae (N=41) 63% produced cocoons
while 20% and 17% died and pupated respectively.

By contrast, when they encounteit@dpartellusandE. saccharinano O was observed (2 x 3
contingency tableg?® = 84.6, d.f. = 2, P < 0.0001) neither was theteamsition between WB
and O (Figs. 2.2b and 2.2c). Moreover, the occeearf SA was significantly higher whe&h
sesamiaencountered®. fuscathan eithelC. partellusor E. saccharingx?= 10.5, d.f. =2, P =
0.005). However, the only larvae that had beengsi@%0) in both species died afterwards.
With C. partellus high probabilities of transitions (P > 0.01) weeeorded only between two
pairs of behavioural transitions, i.e., (i) ST - &id, (i) W - WB (Fig. 2.2b). WithE.
saccharina the kinetogram was more complex with highest pbiliiies of transitions (P >
0.01) that were not linked with oviposition behawioThese were recorded between six pairs
of behavioural transitions, i.e., (i) ST - W, (@ - W, (iii) W - WB, (iv) WB - W, (v) W - G,
and, (vi) W - ST (Fig. 2.2c). The percentage of pgathat stood still (ST) was 42% whBn
fuscawas the host, but over 70% with partellusor E. saccharinaas the hostx® = 11.0, d.f.

= 2, P = 0.003). Similarly, G was less frequent wRe sesamiaencountered. fuscathan
with C. partellusor E. saccharingx? = 6.595, d.f. = 2, P = 0.0370). ConsequentlyBofusca
larvae,C. sesamiademales spent significantly less time on ST an@PG 0.05), preferring to

spend significantly more time on O (Table 2.1).

When femaleC. flavipesencounteredC. partellus three pairs of behavioural transitions with
high probabilities of transition (P > 0.01) weresebved, i.e., (i) ST - W, (ii) W - WB and, (iii)
WB and O (Fig. 2.3a). As foB. fusca high probabilities of transitions (P > 0.01) were
recorded between only two pairs of behaviouralditeons, i.e., (i) W - WB and, (ii)) WB - O
(Fig. 2.3b). However, the kinetogram obtained vidthfuscawas more complex than that with

C. partellushaving a higher number of transitions.
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Comparison ofC. flavipesencounteringC. partellusandB. fuscareveals that, irC. partellus
the occurrence of O was 58% and SA was 4% amortgsi#d wasps (N=50). In addition, of
all stungC. partelluslarvae (N= 31) 74% produced cocoons while 10% a6 died and
pupated respectively. IB. fusca,0 occurred in 52%, SA 10% [Z=0.00; P=1.00] of thasps
tested (N=50) while none of the stung larvae (NF®bduced cocoons [Z=6.03; P=0.00], 16%
died [Z= 7.14; P=0.00] and 84% pupated [Z=6.14; .B8D When femaleC. flavipes
encountered the non-hdst saccharinathe wasps did not exhibit the O behaviour buteadt
SA 6%. However, of the three stung larvae, one didile the other two pupated. High
transition probabilities (P > 0.01) were recordetineen five behavioural steps, i.e., (i) ST - G,
(i) ST - W, (iii)) G - W,(iv) W - G and (v) W - STFig. 2.3c). In the presence Bf saccharina
larvae the percentage of females showing WB behaviouredsed while that of G and ST
increased (for WBx? = 16.9, d.f. = 2, P < 0.0001; for @* = 46.8, d.f. = 2, P < 0.0001; for
ST:x?=11.0, d.f. = 2, P = 0.0041). With. partelluslarvae, the femal€. flavipesspent less
time on O than on ST and G than it did withfusca.

The wasps also spent significantly more time (PG50on ST, Gand W in the presence B&f

saccharinathan they did witC. partellus(Table 2.1).

Generally, for both parasitoid species there waeetaiionship between time spent on WB and
O. More time was spent on WB with non-host larvaevithout the O behaviour (Table 2.1).

2.6 Discussion

There appears to be a relationship between thetaeteof the presence of a larva and the
standing still behaviour displayed By sesamia@andC. flavipes.During this stationery phase
of their behaviour, the wasps could have beentabdetect the body odour emanating from the
larvae or residues from feeding activity (e.g.s&)a Ngi-Song & Overholt (1997) demonstrated
thatC. sesamia@andC. flavipesfemales were able to detect volatiles emitted ftaral frass
but were unable to discriminate between volatitesnffrass of both host or non-host species.
In the current study, the female wasps stood fstilla shorter time when in the presence of
suitable hosts than they did with non-host larvéleis probably indicates that they could

discriminate between the body odour from host andmost larvae.
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Antennal drumming behaviour played an essenti& mollocation, recognition and acceptance
of hosts. Significantly more time was spent in antd grooming when in the presence of a
non-host. Grooming in insects, besides cleaningotiter body surface or organs, may also
serve in functions such as courtship behaviounassgnalling, displacement activity or even
de-arousal (Spruigt al, 1992).The use of antennae by female parasitoitiest examination
prior to ovipositor insertion is well documented literature (Vinson, 1985; Godfray, 1994;
Vinson, 1998; Canale & Raspi, 2000). In bdflotesia species, the distal antennomeres
appeared to be intimately involved in host locatéand recognition process since they were
observed to be in direct contact with the body aef of the larvae. This observation
corroborates findings that the distal antennomefebraconid parasitoids possess gustatory
sensilla that allow for detection of chemical stinarising from the host (Navasero & Elzen,
1991, Barbarossa-Tomassetial, 1998; Canale & Raspi, 2000; Ochiestgal, 2000).

Compared to other braconids, ovipositiordnsesamia@andC. flavipesoccurred very rapidly
(5-6 sec) and soon after antennal examinationeiadhval cuticle. In both congeneric species
the ovipositor does not seem useful in host exatmimdefore oviposition. This is unlike other
braconid parasitoids that use their ovipositorandguhost examination before oviposition, for
example Opius concoloiSzepligeti where oviposition lasts 30-40 sec (Canale & Rasi020
and Cotesia glomeratugLinnaeus) where it takes 16-20 sec (Tagaataal, 1987). The
ovipositors of these parasitoids are usually iesentepeatedly before oviposition. This is
contrary to what was observed @ sesamiaeand C. flavipeswhose females immediately
inserted their ovipositors and laid eggs.

The behavior of the attacked larvae may influenige tlecision of a parasitoid during
parasitisation. Cuticle penetration usually variesaly among species and can be longer when
a sessile host is attacked but often occurs vearigisawhen mobile and defensive hosts are
attacked (Vinson, 1985).epidopteran larvae feeding on plants whether agtbr or internally
defend themselves against parasitoids either icttiréy hiding during times of vulnerability
(Gross, 1993) or directly by biting, spitting on flicking off the parasitoid (Pottingt al,
1993; Takasu & Overholt, 1997). Thus, due to tlggrassive behaviour of their hosfts,

sesamia@andC. flavipedfemales are under pressure to oviposit once thetacbthe host.
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It appears that for botG. sesamia@andC. flavipes host acceptance and the decision to insert
their ovipositors occur during external antennalramation. Parasitoid ovipositors are thought
to be involved in internal examination of the shili#dy of a host (Godfray, 1994). Thus, host
acceptance or rejection may also depend on thenaltenarkers perceived by the ovipositor of
the female wasp (Godfray, 1994; Le Raétcal, 1996; Van Lenterept al, 2007). Internal
signal processing may explain why some femalestegethe non-host speci&s saccharina
after a short stint of ovipositor insertion. Only 2% a@% of C. sesamiaand C. flavipes
respectively, attempted to insert their ovipositiseit without cocoon formation. However, in

the current study it could not be established wéretin not the wasps laid eggs or not.

In addition to chemical stimuli, various other larphysical characteristics such as size, shape,
texture, or movement can be involved in the hosbgaition process (Vinson, 1991; Godfray,
1994). During host encounter, the female parastoiten jumped on the body of the larvae
and walked all over it while inspecting cues on ldal cuticle. This suggests reception of
vibrational signals through the tarsi because [iaidgarsi bear contact mechanoreceptors that
are useful in reception of vibrational signals ugomtact with the larvae (Godfray, 1994). In
addition, when the larvae were motionless duringn@ration, the wasp took longer before
ovipositing than when the larvae were moving orcted to being contacted by the wasp.
Similarly, for O. concolor when in the presence of immobilised host lartiae,females took

longer to locate the host, and frequently faileddcso (Canale & Raspi, 2000).

During external examination, the labial and maxyllpalpi ofC. sesamia@andC. flavipeswere

held perpendicular to the body surface of the kenand they did not appear to contact the
larvae in the examination process. This behavicay be associated with wasp feeding activity
but not to host recognition. This also occurred mtiee females contacted the cotton wool pad
imbibed in a sugar-based solution added as foodcepeven in the absence of larvae. By

contrastO. concolorwas observed to use the palpi in host searchingal€& Raspi, 2000).

In conclusionC. sesamia@andC. flavipesfemales are able to detect the presence of a larva
close proximity most probably by the odour emamptirom the frass and/or its products
resulting from the larval feeding activity. Thisteetion allows the female wasp to locate their
potential hosts when in close proximity.
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Afterwards, antennal examination plays a cruciséd for host recognition and acceptance. The
tarsi appear important for the process of host @ecee before stinging by receiving
vibrational signals when the wasps are walking len larvae. We suppose that the stemborer
larval body contact cues (whether physical andi@nacal) play a role in host acceptance for
oviposition among the female parasitoids becausevidsps must make contact with the cuticle
before acceptance. As a result, the identificattdnthese cues will enable isolation of
kairomone(s) involved in host recognition and ataepe byC. sesamiae@andC. flavipes— a

goal which this study also targets to achieve
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Figure 2.1. Typical behavioural steps precedingasition displayed by female wasps (e.g.,
Cotesia sesamiaes. Busseola fusgashowing (1) standing still with the antennaeigiprand
apart (ST), (2) grooming the legs and/or the arden(®), (3) walking in the arena drumming
the surface with the antennae and with the tipsezui(W), (4) walking on the larval body

while drumming its surface with the antennae (WBJ &) oviposition (O), i.e., successful

ovipositor insertion followed by egg-laying
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A Busseola fusca

0.0041

0.0006 0.0099

0.0023

Chilo partellus

C Eldana saccharina

0.0038

Figure 2.2. Behavioural steps exhibited by naiverigréemaleCotesia sesamiaencountering
Busseola fusctarvae (A),Chilo partelluslarvae (B) andEldana saccharindarvae (C). Values
with arrows represent the probability of each digant transition given the preceding
behaviour. For each experiment, fifty female waspsre observed. * = probability of
transitions > 0.0100. The percentage of occurref@ach behavioural step is provided below

its category definition.
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Figure 2.3. Behavioural steps exhibited by naiverigréemaleCotesia flavipesncountering
Chilo partelluslarvae (A),Busseola fusckarvae (B) and&Eldana saccharindarvae (C). Values
with arrows represent the probability of each digant transition given the preceding
behaviour. For each experiment, fifty female waspsre observed. * = probability of
transitions > 0.0100. The percentage of occurref@ach behavioural step is provided below

its category definition.
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Table 2.1 Total duration (seconds, mean + SE, neb@pnch behavioural step exhibited by the femafeSotesia sesamiaandCotesia flavipes

on host or non-host larvae

Parasitoid Host tested Behavioural steps
species
ST G w WB SA O
C. sesamiae Busseola fusca 16.5 +6.5a 10.7 + 3.6a 73.0 + 8.6a 32.1+6.3a +®2a 6.5+0.9
Chilo partellus 64.5 £ 10.3b 38.4+8.4b 95.5+11.3a 17.8 £ 4.1a.2 H0.2a
Eldana saccharin 24.4 + 4.0a 146+3.0a 156.3+11.0b 71.7+85b 24+24a O
F,df,P (12.04,2,0.0001)  (7.26,2,0.001)  (17.27,2,0.0001)  (17.96,2,0.0001) (0.73,2,0.5)  (48.77,2,.0001)
C. flavipes Chilo partellus 17.2 +4.5a 26*1.4a 63.6 + 10.0a 30.0x7.6b +Mlla 49+0.7a
Busseola fusca 32.4 +6.8a 124 + 3.4a 58.9 + 8.5a 11.2+24a +D®a 5.4+0.8a
Eldana saccharina 69.7 £ 8.2b 60.6 £8.4b 90.0 +£8.4b 37.0+£6.7b 35+20a O
F,df,P (16.34,2,0.0001)  (34.43,2,0.0001) (3.56,2,0.0310)  (4.88,2,0.0089) (1.96,2,0.1441) (21.43,2,0.0001)

For each parasitoid species, means within a coltotlowed by different letters are significantly fiifent at P=0.05 (Student-Newman-Keuls
Test). ST: standing still; G: grooming the legs /andhe antennae; W: walking in the arena; WB: wagkon the larval body; SA: stinging

attempt; O: oviposition.
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Chapter 3: Sensory Equipment on Antennae, Tars and Ovipositor of the

L arval Braconid Wasps Cotesia sesamiae and Cotesia flavipes

3.1 Abstract

The external morphology and distribution patternsehsilla present on antennae, tarsi and
ovipositor of the braconid larval endoparasitodistesia sesamiaand Cotesia flavipesvas
studied Observations were conducted using scanning efectnicroscopy followed by
selective staining with silver nitrate. The fematé. sesamiaandC. flavipesshare the same
type and distribution of sensilla enabling thendétect volatiles and contact chemical stimuli
from their potential hosts. In both parasitoidseéhsensillar types were identified on the last
antennomeres: (i) non-porous sensilla trichoideatrpmbably involved in mechanoreception,
(i) uniporous sensilla chaetica which can play wstgtory function and, (iii) multiporous
sensilla placodea which are likely to have an étfiacfunction. The tarsi possess a few sensilla
chaetica which can play gustatory function and rimenubrium is likely to be used during
external examination (vibration detection) when pgegasitoid is walking on potential host
larvae before deciding to oviposit. The distal efithe ovipositor bears numerous multiporous
dome-shaped sensilla. However, no sensilla coelogoar styloconica, known to have a

gustatory function, were observed.

3.2 Introduction

Lepidopteran stemborers are a major constraint atzenproduction in sub-Saharan Africa
(Kfir et al, 2002). In eastern Africa, the braconid larvab@parasitoid,Cotesia flavipes
Cameron (Hymenoptera: Braconidae) was introducedciassical biocontrol program for the
control of the invasive stembor&hilo partellus(Swinhoe) (Lepidoptera: Crambidae). This
was to complement the action of the closely relanelijenous larval endoparasitozbtesia
sesamiae(Cameron) (Hymenoptera: Braconidae) against thidiexmest (Overholtet al,
19944, b; Overhoket al, 1997).

The efficiency of a natural enemy largely dependsits ability to locate, accept, and
successfully parasitize hosts (Vinson, 1976; 19888; Godfray, 1994).
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In chapter 2, each step of the behavioural sequehbest location and recognition behaviour
of C. sesamiae@ndC. flavipeswas described. It was shown that during host reitiognand

acceptance, these two congeneric parasitoids glisplainvariable hierarchy of behavioural
steps. In addition, both parasitoids clearly dependtheir antennae, particularly the distal
antennomeres, for host recognition and both therm@e and the tarsi for definitive host
acceptance for oviposition. In contrast, the usethef ovipositor in this process was not
observed. Considering the similarity in the hiergrohbehavioural steps displayed by the two
wasp species, it was necessary to conduct studiethedr sensory equipment, particularly

sensillar number, kind and distribution.

This study thus focuses on the external morphotiddgiie sensory organs involved in each step
of the behavioural sequence of host recognitionaamgptance b§. flavipesandC. sesamiae
We studied the sensillar morphology of the laseanbmere, ovipositor, fifth tarsomere and

pretarsus of the prothoracic legs.

3.3 Materials and methods

3.3.1 Insects

Adults of Cotesia sesamiaand C. flavipeswere obtained from laboratory-reared colonies
established at ICIPE, Nairobi, Kenya.Qotesia sesamiaeolony was initiated with materials
obtained fronB. fuscacollected from maize fields in Kitale, Western kganin 2006, whileC.
flavipes was obtained fronC. partellusfrom coastal Kenya in 2005. Twice a year, field
collected parasitoids were added to rejuvenatectthenies.Cotesia sesamiaandC. flavipes
were reared on larvae of their true hddtduscaandC. partellusrespectively, according to the
method described by Overheit al (1994a) The parasitoid cocoons were kept singly in glass
vials (7.5 x 2.5 cm) until emergence and the makese immediately separated from the

females before mating.
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3.3.2 Organ length measurements

Five females of each parasitoid species were dmsdeand the lengths of their antenna,
ovipositor, fifth tarsomere and pretarsus of thetlporacic legs were determined under a
binocular Leica EZ4D system (magnification at 3%x¢luding a standard software (Leica

Application Suite, version 1.4.0).

3.3.3 Scanning electron microscopy

For each parasitoid species, ten live female aawdte used for scanning electron microscopy.
The female wasps were first placed in a 2.5% (wb)/glutaraldehyde, 0.1 M phosphate buffer
(pH 7.4) solution and left overnight for fixatiomhe specimens were then dehydrated in a
graded series of ethanol (70, 90 and 100%) andlyfimér-dried. The head, abdomen and
forelegs of each wasp were separated and mountestulns with conductive double-side
adhesive tape, sputter-coated with gold and examimiéh a JEOL JSM-T330A scanning
electron microscope (JEOL, Tokyo, Japan) at 10 kV.

3.3.4 Silver nitrate staining

Silver nitrate staining was carried out to detemnthe presence of porous sensilla in the
antenna, ovipositor and fifth tarsomere and pratarintact wasps were stained according to
the method described by Nayak & Singh (1983) buhwome modifications as follows: The
wasps were first immersed in 70% ethanol containindg/ silver nitrate for 1 hr then
dehydrated in two concentrations of ethanol (90 H0@P6). Afterwards, their heads, abdomens
and forelegs were detached from the body and oleamparately in xylene overnight. The
specimens were mounted in Mountex (Histolab) fghtlimicroscope observations. A total of
10 females were examined for each parasitoid specie
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3.4 Results

3.4.1 Antennae

The antennae d&@. sesamiaandC. flavipesfemales were 1195.9 + 25.5 and 1116.9 + 35.2 um
(means + SE) long respectively. Each parsitoid isgdtad 16 antennomeres on the flagellum.
In both species, scanning electron micrographs hef distal antennomeres revealed the
existence of three different types of sensillachoidea, chaetica and placodea (Figs. 3.1a and
b). Among these, only sensilla chaetica and plaacalgpeared argyrophilic (i.e., stained in
silver nitrate) (Fig. 3.2), showing their porousachcteristic. In both parasitoid species
numerous long, curved non-porous sensilla trickwideength 0 24 pum) covered the
antennomeres. At least two types of sensilla cbaetere observed on the distal antennomere,
long and curved (about 5 and 9 in number,Gosesamia@andC. flavipesrespectively). Their
length was about 20 um long laterally and dorsadigitioned at the apex of the antennomere
(Figs. 3.1a and b). These were 4 (rsesamigeor 3 (for C. flavipe$ short, curved thick
ones about 12 um long on the ventral face of teeldantennomere and also visible on the
ventral face of the adjacent antennomeres [Fige &nd f]) in both species. All these sensilla
appeared uniporous on their tips (Figs. 3.1c andrdpoth parasitoid species, the sensilla

placodea occurred along the longitudinal axis efdhtennomere.

3.4.2 Ovipositor

The lengths of the ovipositors were 369.6 + 9.2 8iAd.3 + 16.9 pm (means + SE) fOr
sesamiaendC. flavipesrespectively. On the paired valves of the ovifosino sensilla were
observed unlike on the unpaired [dorsal valve] Wwhi@d numerous dome-shaped sensilla of
different sizes concentrated on the tip (Figs. 3Bd b). The dome-shaped sensilla were
stained by silver nitrate solution (Figs. 3.4a ahd~or both parasitoid species, the ovipositor is
enclosed by valvulae whose tips are covered by &engsilla trichoidea (lengthl 30-45 pm)
(Figs. 3.3c and d). These sensilla appeared namdpasince they did not stain in the silver

nitrate solution.
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3.4.3 Pretarsus and fifth tarsomere of the prothoracic legs

In C. sesamiaandC. flavipes the total length of the fifth tarsomere and pr&ta was 158.6 +
12.6 and 133.1 = 7.1 um (means = SE) respectialy.both parasitoids, a single sensillum
chaeticum (lengtt] 20 pm) was observed on the medium dorsal sidadi elaw (Figs. 3.5a
and b) and another one was located laterally onfiftie tarsomere even on the adjacent

tarsomeres. All these sensilla were found to bgraghilic (Figs. 3.5c and d).

3.5 Discussion

The distal antennomere, ovipositor, the fifth taneoe and the pretarsus of the prothoracic legs
of bothC. sesamiaandC. flavipesfemaleshave the same type and distribution of sensilla. In
chapter 2, the distal antennomeres of the two paids were hypothesised to be the most
important structures involved in host recogniti@idse oviposition. The findings of the current
study show that the distal antennomeres of the exwerc parasitoids possess uniporous
sensilla chaetica. According to sensillar clasatfan by Zakaruk (1980), these sensilla are
mostly involved in gustation or taste receptioneTct that the involvement of the distal
antennomeres in host recognition has been well dstraded by ablation experiments among
other parasitic Hymenoptera (Weseloh, 1972; Boreteal, 1973; Barlinet al, 1981; Bin,
1981); it may be hypothesised that for sesamiaeand C. flavipesthe distal antennomeres

could serve in the perception of chemical cuesherctticle of larvae during host examination.

Females ofC. sesamia@andC. flavipesantennate (substrate drumming) the larval bodgrieef
stinging. During this process the apical part @iitlantennae are curved to allow for maximum
contact with the substrate (whether frass or Hesg chapter 2]. We believe that this behaviour
is meant to expose the sensilla chaetica of thaldsmtennomeres to the chemical stimuli on
the substrate. These findings corroborate thosésidbro et al (1996) in other parasitic
Hymenoptera. Isidoret al (1996) further referred to the antennomeres hgasubstrate-
contacting sensilla as the “touch and taste arddss is because they are associated with the
gustatory sensilla, which must “touch” active compds in order to “taste” the proper
chemical stimuli on the substrate during host redamn. In addition, such uniporous sensilla
chaetica which bear socket-like insertions into dnéennal cuticle are also mechanoreceptors
(Zacharuk, 1980).
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This dual gustatory and mechanoreceptory functibrthe sensilla chaetica has also been
reported forTrissolcus basali$Wollaston) (Hymenoptera: Platygastridae) (Isideral, 1996)

as well adMlicroplitis croceipegCresson) (Hymenoptera: Braconidae) (Ochiexgil, 2000).

In bothC. sesamia@ndC. flavipes the sensilla chaetica are surrounded by numesensilla
trichoidea which did not stain in silver solutiondaare therefore non-porous.In contrast, Van
Lenterenet al (2007) reported numerous multiporous sensiliehtridea on the antennae of
Leptopilina heterotomdThompson) (Hymenoptera: Eucoilidae). Accordingthie sensillar
classification by Zakaruk (1980) these are assutmdze olfactoreceptors. I@. sesamiaand

C. flavipes these sensilla appear non-olfactory as has aso beported for other parasitic
Hymenoptera (Norton & Vinson, 1974; Isidoed al, 1996; Ochienget al, 2000). These
sensilla trichoidea inC. sesamiaeand C. flavipes are likely to be involved in

mechanoreception.

Although electron microscopy did not reveal theuraof the sensilla placodea, it is possible to
deduce on the basis of their argyrophilic charésties that they are porous. Among other
parasitoids, the sensilla placodea have been 8esicras multiporous and function as
olfactoreceptors (Barlin & Vinson, 1981a,b; Steirdite 1984; Ochienget al, 2000). This
could further explain their abundance on the arderin the Braconidae family as well as other
parasitoid families (Barlin & Vinson, 1981b). Thuisis suggested that f&. sesamiaandC.
flavipesthe olfactory receptors of sensilla placodea may jgin important role in remote host
location whereas the gustatory receptors (seridibetica) on the distal antennomere detect the

non-volatiles cues on the host cuticle upon contact

When walking on the host body the female wasps ohékeir tarsi, which could take up cues
from the larvae [see chapter 2]. This is corrolemtaby the fact that both parasitoids had
uniporous sensilla chaetica on the fifth tarsomanel pretarsus. Similarly, these sensilla
chaetica are believed to have a gustatory or fasigtion (Zakaruk, 1980). The tarsi of both
parasitoids are also very likely to be linked wtile reception of cueda mechanoreceptors in
reception of vibrational signals upon contact vitik larvae [see chapter 2]. This is because,

the female wasps very often moved their tarsi wihileontact with the host body.
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There exists a positive relationship between moverokhost larvae and parasitoid acceptance
i.e. mobile larvae were attacked faster than sessies especially when the parasitoid had

already mounted a larva [see chapter 2]. Therefobectarsi contribute to mechanical sensation.

The mechanoreceptory sensilla on the arolium maygeful in perception of vibrational
signals as has been reported faymplesis sericeicornidlees (Hymenoptera: Eulopidae)
(Meyhoferet al, 1997).Earlier studies explained the basis okptance or rejection of hosts
among female parasitoids as host internal markersepved by the sensilla on the ovipositor
(Godfray, 1994; Le Ralecet al, 1996). In general, among parasitic Hymenoptera
chemoreceptors are concentrated around the owpdgs, are uniporous and are believed to
be gustatory organs. These chemoreceptors haverbtaned to as sensilla coeloconica or
styloconica (Quickeet al, 1999). Recently, Van Lenteren al (2007) demonstrated the first
record of action potentials from a sensillum coefocum at the tip of the ovipositor of

Leptopilina heterotomérhompson) (Hymenoptera: Eucoilidae).

This in itself confirmed the taste function of tbeipositor among parasitic Hymenoptera.
However, in the ovipositor ofC. sesamiaeand C. flavipes no sensilla coeloconica or
styloconica were observed except for the numerausys dome-shaped sensilla at the tips of
the dorsal valves. The ovipositors of various p#vas species have numerous dome shaped
sensilla concentrated around their tips (Quiekal, 1999). The pores on these sensilla are
hypothesised to allow for host haemolymph uptakedpillary action (Laroccat al, 2007). It

is hypothesised here that these sensilla couldtmeceptors.

In conclusion, the females df. sesamiaeand C. flavipes possess the same type and
distribution of sensilla which enable them to detestatiles and contact chemical stimuli from
their potential hosts. Their olfactory receptorg aestricted on the antennae while taste
receptors are present both on the antennae amndHargever, the findings of these studies do
not explain the ability to discriminate between ult is possible that the interpretation of

information occurs internally, because sensillaeusmually inervated by neurons.

73



3.6 References

Barlin, M.R. & Vinson, S.B. 198la. Multiporous platensilla in the antenna of the
Chalcidoidea (Hymenopterdnternational Journal of Insect Morphology and Emdlogy
10: 29-42.

Barlin, M.R. & Vinson, S.B. 1981b. The multiporous telasensillum and its potential use in
Braconid systematics (Hymenoptera: Braconid@apadian Entomologist13: 931-938.

Barlin, M.R., Vinson, S.B. & Piper, G.L. 1981. Ultrastture of the antennal sensilla of the
cockroach egg parasitoifletrastichus hagenow{Hymenoptera: EulophidaejJournal of
Morphology168: 197-208.

Bin, F. 1981. Definition of female antennal clavesda on its plate sensilla in Hymenoptera
Scelionidae TelenominaRedia64: 245-267.

Borden, J.H., Miller, G.E. & Richerson, J.V. 1973 pAssible new sensillum on the antennae
of Itoplectis conquisitor(Hymenoptera: Ichneumonidaeanadian EntomologistlO5:
1363-1367.

Godfray, H.C.J., 1994Parasitoids: behavioural and evolutionary ecologyrebs J.R. &
Clutton-Brock, T., Princeton University Press, Prinoge USA. 473p.

Isidoro, N., Bin, F., Colazza, S. & Vinson, S.B. 19%8orphology of antennal gustatory
sensilla and glands in some parasitoid Hymenoptéita hypothesis on their role on sex
and host recognitiodournal of Hymenoptera Researsh206-239.

Kfir, R., Overholt, W.A., Khan, Z.R. & Polaszek, A0@2. Biology and management of
economically important lepidopteran cereal stemisor@ Africa. Annual Review of
Entomology7: 701-731.

Larocca, A., Fanti, P., Romano, A.V., Marsicovetdte, Isidoro, N., Romani, R., Ruschioni,
S., Pennacchio, F. & Battaglia, D. 2007. Functidredes of host- acceptance behaviour in
the aphid parasitoid&phidius ervi. Physiological Entomolo@g: 305-312.

Le Ralec, A., Rabase, J.M. & Wajnberg, E. 1996. Coatpar morphology of the ovipositor of
some parasitic Hymenoptera in relation to charaties of their hostsThe Canadian
Entomologistl28 (3): 413-433.

Meyhofer, R., Casas, J. & Dorn, S. 1997. Mechano- cdramo-receptors and their possible
role in host location behavior dbympiesis sericeicornigHymenoptera: Eulophidae).
Annals of the Entomological Society of Amef6a(2): 208-219.

74



Nayak, S. & Singh, R.N. 1983. Sensilla on the tassasgments and mouthparts of adult
Drosophila melanogastavieigen (Diptera: Drosophilidaelternational Journal of Insect
Morphology and Embryology2: 273-291.

Norton, W.N. & Vinson, S.B. 1974. Antennal sensilth three parasitic Hymenoptera.
International Journal of Insect Morphology and Embliogy3: 305-316.

Ochieng’, S.A., Park, K.C., Zhu, W.J. & Baker, T.COROFunctional morphology of antennal
chemoreceptors of the parasitoMicroplitis croceipes (Hymenoptera: Braconidae).
Arthropod Structure and Developmet&: 231-240.

Overholt, W.A., Ngi-Song, A.J., Kimani, S.K., Mb#pi J., Lammers, P. & Kioko, E. 1994a.
Ecological considerations of the introduction@dtesia flavipesCameron (Hymenoptera:
Braconidae) for biological control aChilo partellus(Lepidoptera: Pyralidae), in Africa.
Biocontrol News and Informatiobb: 19N-24N.

Overholt, W.A., Ogedah, K. & Lammers, P.M. 1994hstbbution and sampling o€hilo
partellus(Swinhoe) on the Kenya coaBlulletin of Entomological Resear&4: 367-378.
Overholt, W.A., Ngi-Song, A.J., Omwega, C.O., Kim&hogu, S.W., Mbapila, J., Sallam,
M.N. & Ofomata, V. 1997. A review of the introduati and establishment @ otesia
flavipesCameron (Hymenoptera: Braconidae) in East Africébfological control of cereal

stemborersinsect Science and its Applicati@i: 79-88.

Quicke, D.L.J., Le Ralec, A. & Vilhelmsen, L. 1999vipositor structure and function in the
parasitic Hymenoptera with an exploration of newpdtheses.Atti dell’Accademia
Nazionale Italiana di Entomologia Rendicoa#: 197-239.

Steinbrecht, R.A. 1984. Arthropods: Chemo-, therraad hygroreceptors. In: Bereiter-Hahn,
J. Matolsty, A.G. & Richards, K.S. (EdsBiology of the Integumen{Vol. 1) Springer-
Verlag, Berlin, Germany. pp. 523-553.

van Lenteren, C.J., Ruschioni, S., Romani, R., van LdahA., Qui, T.Y., Smid, M.H.,
Isidoro, N. & Bin, F. 2007. Structure and electrogpiblogical responses of gustatory
organs on the ovipositor of the parasitb&ptopilinia heterotoma. Arthropod Structure and
Developmen86: 271-276.

Vinson, S.B. 1976. Host selection by insect parasténnual Review of Entomolo@l: 109-
134.

Vinson, S.B. 1985. The behaviour of parasitoids. Kerkut, G.A. & Gilbert, L.I. (Eds.).
Comprehensive Insect Physiology, Biochemistry aratrRacology.Pergamon Press, New
York, USA. pp. 417-469.

75



Vinson, S.B. 1998. The general host selection belavof parasitoid Hymenoptera and a
comparison of initial strategies utilized by larthagous and oophagous specigslogical
Control 11: 79-96.

Weseloh, R.M. 1972. Sense organs of the hyperpari@kitiloneurus noxiugHymenoptera:
Encyrtidae) important in host selectigxnnals of the Entomological Society of AmeBG&a
41-46.

Zacharuk, Y.R. 1980. Ultrastructure and functionirafect chemosensillsinnual Review of
Entomology25: 27-47.

76



10 pom

Figure 3.1. Distal antennomeres of adult femaleSaitsia sesamia@\) andCotesia flavipes
(B) observedby scanning electron microscopy, showing the umpsrsensilla chaetica (Ch),
the sensilla trichoidea (Tr) and the sensilla pig@o(Pl) along the longitudinal axis. Close-up
of a long (C, the apex of the sensillum) and a s{i@)tsensilla chaetica located on the last
antennomere of. sesamiashowing a single pore on their tip (white arrowhedtbrtion of
the antennae (ventral view of intermediate antereres) showing the 4 or 3 small and curved

sensilla chaetica fdC. sesamia€E) andC. flavipes(F), respectively (see arrows).
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25 pm

Figure 3.2. Distal antennomeres of adult female€atiesia sesamia@A) and Cotesia
flavipes (B) observedby optic microscopy after silver staining proceduskhowing the
uniporous sensilla chaetica (Ch) and the sensilaqulea (PI) along the longitudinal axis
silver stained. Close-up of a long and curved siemsichaeticum (C) located on the last
antennomere o€. flavipesshowing the silver nitrate which penetrated frora Hingle

pore on its tip (see arrow).
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10 ym

Figure 3.3. Distal portion of the ovipositor Gbtesia sesamiaéA) and Cotesia flavipes
(B) observed in a dorsal view by scanning electracrascopy, showing the dome-shaped
sensilla (Dss) near the apical part of the oviposiView of the ovipositor enclosed by

valvulae (see arrows) covered by long non-porousilia trichoidea ofC. sesamia€C)

andC. flavipes(D).
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50 pm

50 pm

Figure 3.4. Unpaired (dorsal valve) Gbtesia sesamiafd) and Cotesia flavipegB)
after silver staining. For each parasitoid spediks, tip appeared silver stained (see

arrow) due to numerous dome-shaped sensilla caatedton it.
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10 ym

10 gm

Figure 3.5. Distal portion of the pretarsusGdtesia sesamia@, in lateral view) and the
pretarsus and last tarsomereQutesia flavipegB, in dorsal view) observely scanning
electron microscopy, showing the uniporous sensiliaetica (Ch). Last tarsomere and
pretarsus o€. sesamia€C) andC. flavipes(D) showing the silver stained sensilla chaetica

(Ch) observed by optic microscopy.
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Chapter 4: Importance of Contact Chemical Cues in Host Recognition and
Acceptance by the Braconid Larval Endoparasitoids Cotesia sesamiae and

Cotesia flavipes

4.1 Abstract

The ability of the congeneric parasitoidstesia sesamiaand Cotesia flavipeso discriminate
between stemborer larval cues upon contact wasestuging suitable hosts (i.Busseola
fuscafor C. sesamigeandChilo partellusfor C. flavipe$ and a non-hosE|dana saccharinp
When the suitable host larvae were washed in ledtivater, the behaviour of the parasitoid
was similar to that displayed when in contact wlie non-host larvae, characterised by the
absence of ovipositor insertion. When the stemblarae (washed suitable host or non-host
larvae) were painted with water extracts of thespective suitable host-larvae, the parasitoids
showed a significant increase in ovipositor ingeidi However, the water extracts of suitable
host-larvae deposited on cotton wool balls did moluce ovipositor insertion for bot@.
sesamiaeand C. flavipes Instead, these extracts enabeled them to diswimibetween
suitable host and non-hosts, intensely antenndlioge of their suitable hosts more than those
of the non-hosts. Similarly, the role of larvaldsaand regurgitant in host discrimination and
acceptance was assessed.The frass was importamihtparasitoid species in host recognition
during short-range examination, intensely antengafrass of the suitable hosts more than
non-host frass. The regurgitant of bdeh fuscaand C. partellus appeared not useful in
discrimination between the two species for botragidwid species. However, both parasitoids
could discriminate the regurgitant of the non-hd&st,saccharinaover the other stemborer
species showing no antennation on cotton wool lwalfgaining its regurgitant. Moreover, the
regurgitant ofB. fuscaandC. partellusinduced ovipositor insertion i€. flavipeswhile only

antennation was observed among thosg.sfesamiae
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4.2 Introduction

In sub-Saharan Africa, lepidopteran stemborershef €rambidae, Pyralidae and Noctuidae
families are economically the most important pesftsmaize and sorghum (Harris, 1990;
Polaszek, 1998; Kfiet al, 2002). Due to their widespread distribution aedtructive nature,
stemborers have been the subject of extensiverodserAfrica (Calatayuckt al, 2006). The
most cited species are the craml@dilo partellus(Swinhoe),the noctuids Busseola fusca
(Fuller) as well assSesamia calamistidampsonand the pyralidEldana saccharingWalker)
(Polaszek, 1998). With exception ©f partellus which was accidentally introduced from Asia
into Southern Africa before the 1930s (Tams, 1988),others are indigenous to the African
continent. In East and Southern Afriéa, fuscaandC. partellusare the most important pests
of cereal crops (Seshu Reddy, 1983; Zbbal, 2001a).

During the early 1990s, the International Centrdnsiect Physiology and Ecology (ICIPE)
renewed emphasis on biological control activitigghwhe introduction ofCotesia flavipes
Cameron (Hymenoptera: Braconidae) into Kenya fronaAsil991. The exotic parasitoid was
released againgE. partellusin the coastal area in 1993 (Overhettal, 1994b), where it
reducedC. partellusdensities by over 50% (Zhai al, 2001b; Jiangt al, 2006). This was to
complement the action of the closely related andtrabundant indigenous larval parasitoid in
East and Southern AfricaCotesia sesamiag(Cameron) (Hymenoptera: Braconidae).
Parasitism by the indigenous parasitoid is usuadipw 5% though in some localities it can
attain 75% (Kfir, 1995; Sallarat al, 1999; Jiangt al, 2006; Songat al, 2007).

The ability of parasitic wasps to successfullyizpgilcues arising from within their habitat in
location and discrimination between suitable anguitable hosts is vital in determining their
efficiency (Vinson, 1985; Godfray, 1994). This ukganvolves host habitat location, host
location, host acceptance and suitability (Vinst®i/6; 1985; Godfray, 1994). During location
of hosts, they typically exploit long and short ganstimuli emanating from the host habitat
(Vinson, 1975; Godfray, 1994), followed by stimdirectly associated with the host and its
products (Vinson, 1985; Vet & Dicke 1992; Godfra994).
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However, stimuli from the habitat do not convey figntly reliable information on the
suitability of host species but are mere indicatdreerbivore presence (Ngi-Song & Overholt,
1997). As a resultC. sesamiaeand C. flavipesare often attracted to plants harbouring
unsuitable stemborer species (Pottal, 1993; Ngi-Songet al, 1996; Obonyet al, 2008).
We hypothesise that the female$ C. sesamiaeand C. flavipes though incapable of
discriminating between host species from a distalacso at close contact.

In the laboratory, host acceptance and oviposibgnthe congeneric wasps is induced by
contact with the host frass and/or host product-@bng & Overholt, 1997). It appears that
this response is dependent on certain specific dadsrbecause it can either be disrupted when
the host frass is withdrawn or swopped with thataohon-host (Gitau Catherine. ICIPE,
personal communication), or lost entirely whenhbet larva is washed in distilled water (Ngi-
Song & Overholt, 1997). This indicates that chensideom the larval body are involved in
host acceptance and oviposition by bGttsesamiaandC. flavipes

In chapter 3, uniporous sensilla chaetica whicly plastatory/taste function were shown to be
located on the distal antennomeres and the tardioth C. sesamiaeand C. flavipes In
addition, it was observed that both organs are usgdhhe parasitoids during external
examination while the parasitoid walks on the pb&timost larvae before deciding to oviposit.
The purpose of this study was to show the influesfceontact chemical cues from stemborer

larvae allowing the parasitoids to recognise am#picthe larvae.

4.3 Materials and methods

4.3.1 Insects

The females o€otesia sesamiaandC. flavipeswere obtained from laboratory-reared colonies
established at ICIPE, Nairobi, Kenya.Qotesia sesamiaeolony was initiated with materials
obtained fronB. fuscacollected from maize fields in Kitale, Western kganin 2006, whileC.
flavipeswas obtained fronC. partellusin coastal Kenya in 2005. Twice a year, field eciéd
parasitoids were added to rejuvenate the colo@ietesia sesamiagndC. flavipeswere reared
on larvae of their true hostB, fuscaand C. partellus respectively, according to the method
described by Overho#t al (1994a) Parasitoid cocoons were kept in Perspex cagesn(BR

30 cm x 30 cm) until emergence.
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Adults were fed on a 20% honey-water solution irebilin a cotton wool pad and kept under
artificial light for 24 hrs to mate. In all experamts, only 1-day-old, naive, putatively mated
females were used. The experiments were carriedtd®f + 2C, 50-80% RH, and a 12:12 hr
(L:D) photoperiod.

Three stemborer species were used in the stBdyluscaand C. partellusas host toC.
sesamiaeand C. flavipes,respectively,and E. saccharinaas a non-host to both parasitoid
species. Preliminary tests conducted prior to shisly showed that neither parasitoid attacked
E. saccharina, thereby allowing the use of this stemborer asoa host in the current
experiments (Obonyo M. ICIPE, personal observatigigana saccharinaandB. fuscawere
collected from maize fields in Western Province,il&IC. partellus originated from maize
grown in the coastal region of Kenya. The larvaeeweared on artificial diet according to the
methods described by Ochieagal (1985) (forC. partellug and Onyango & Ochieng’-Odero
(1994) (for B. fuscaand E. saccharinqp Thrice a year feral stemborer larvae from their
respective locations were added to rejuvenate dlenies. From the colonies, third and fourth
stemborer larval instars &. fusca E. saccharinaandC. partelluswere introduced into jars
(10 cm x 20 cm) each containing pieces of maizen sted left for 24 hrs to feed and produce
frass. Thereafter, the larvae and the frass weré imsthe experiments.

4.3.2 Experimental procedure

4.3.2.1 Washing and painting of larvae

In order to verify the influence of chemical cues the cuticle of the larvae, a total of 200
larvae per stemborer species were washed sepamat200 ml of distilled water. The 200 ml

of body extract (stock solution) was filtered (Wiah # 1) to remove any debris and used in
the experiments. In order to conserve their agtithe extracts were collected in a cold room

(around 10°C) and the stock solutions were kepefmdzefore being used.

Prior to painting, third and fourth instar larvaerh maize stems were individually introduced
into glass vials (7.5 cm x 2.5 cm) half filled withstilled water then gently swirled and the
water poured out. This procedure was repeated tfimes for thorough removal of cues.
Afterwards, the larvae were dried on paper towel aiowed to crawl to enhance the drying.
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The larvae were then directly introduced into sglRetri dish arena (5.5 cm diameter x 1.5 cm
height) for use in the bioassays (wasHh&dfusca washedC. partellus painted larvae) as
presetend in Table 4.1. The painting of larvae daise as follows: an aliquot of the stock
solution containing the body extract was used thdoghe larva. A single larva was dipped in
the extracts five times for about two seconds dgwh. Application of the extract was further
enhanced by using a camel hair brush to paintaihval The brush was dipped into the extract
and painted on the larva. The larva was then placedaper towel to drain-off excess water
and transferred into the arena. The behaviourefitasp encountering the larva was monitored
immediately after its release into the arena fonsximum of 60 sec (in this case, it had been
observed that after 60 sec, the activity of theaets on larvae greatly diminished). Twenty
replicates consisting of a single wasp and larveewssed in the experiments. The wasps and
larva were used only once. The percentage of wapspsng the larvae with their ovipositor

was calculated.

4.3.2.2 Influence of larval body extracts

An extract of whole larval body similar to the oaeplained above was obtained from 100
larvae freshly recovered from maize stems and tiftered (Whatman # 1). The extracts were
collected in a cold room (around 10°C) and freezeddiThereafter, they were resuspended in
distilled water (1.5 ml) and aliquoted into seveyaitions (working solutions). A 20 ul portion
of the extract was deposited on a cotton wool (@athm across) and presented to a single wasp
in the arena (5.5 cm diameter x 1.5 cm height). Béavior of the wasp was then monitored
for a maximum of 120 sec (the activity of the egtsaon the cotton wool balls was residual for
about 120 sec). For each wasp, the duration ofnaaten (behavior involved in host
recognition [see chapter 2]) was recorded. The gmeage of stinging was calculated from
twenty replicates of a single wasp and extract sanigoth the wasp and the cotton wool ball
with extracts were replaced each time.
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4.3.2.3 Influence of fresh frass

About 0.01 g of frass-produced after 48hrs of larfeeding- was collected from each

stemborer species and put separately into Petnedi$7 cm diameter x 1 cm height) then a
wasp was introduced and covered for the bioassagh Bvasp was given a maximum of 120
sec in the arena to respond to the frass. Onlyithe the wasp was in contact with the frass
was considered in the analysis. For each waspduh&tion of antennation on the frass was
recorded after which both the wasp and the fras®e weplaced for each replicate The mean
duration of antennation was calculated from twemglicates each consiting of a wasp and

frass.

4.3.2.4 I nfluence of frass extract

About 1.0 g of fresh frass, produced after 48hrdaofal feeding, was collected from each

stemborer species and suspended in 10 ml of distillater, vortexed and filtered (Whatman #
1). The extracts were collected in a cold roomyatbl10°C) and freeze dried. Thereafter each
extract was resuspended in 1 ml of distilled wédefiorm a stock solution. The stock solution

was aliquoted into portions of working solution Q@l) in 0.2 ml tubes while the rest was kept
frozen until use. During the experiments, 20 pkhe# frass extract of a particular stemborer
species was deposited on a ball of cotton woolif® m the glass petri dish (5.5 cm diameter x
1.5 cm height) followed by a wasp and covered. Riogrof time begun soon after the wasp

was in the arena for a maximum of 120 sec afterwbiath the wasp and odour source were
replaced. For each wasp, the duration of antermaticthe cotton wool ball was recorded. The
mean duration of response was calculated from wvesgilicates each consisting of wasp and

odour source. Both the wasp and the cotton wooMathl extracts were replaced each time.

4.3.2.5 Influence of regurgitant

For each stemborer species, third and fourth inataae were recovered from the maize stems
after 48 hours of feeding (sufficient time to cleamains of artificial diet from their gut). A

single larva held by a soft forceps was gently sgad (behind the head) and a capillary tube
used to collect oral extract produced. The proeessrepeated for several larvae and the total

mass of the extract recorded each time.
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The collection of regurgitant was done in a coldmo(around 10°C). The extract was then
diluted into 200 pl distilled water in a 1 ml tulzend then freeze dried. It was later resuspended
into distilled water to obtain a solution of abd@ pl of regurgitant per 100 pl for each
stemborer species. This 20 ul aliquot was deposited ball of cotton wool (3mm) each time
and exposed to the parasitoid.Due to the rapidddssgurgitant activity, the wasps were given
60 sec to respond to the regurgitant. For each whepduration of antennation was recorded.
From twenty replicate trials of each consistingaavasp and extract, the percentage of wasps
probing the cotton wool balls containing the regiarg was calculated. Both the wasp and

cotton wool ball were replaced for each replicate.
4.3.3 Data Analysis

All means were separated by Student-Newman-Keult fa@lowing one way analysis of
variance (ANOVA). The data presented in the tallesthe untransformed results except for
the fresh frass and frass extract which were logl)xtransformed then subjected to
ANOVA.These statistical tests were done using tA8 System software (USA).

4.4 Results

4.4.1 Washing and painting of larvae

WhenB. fuscalarvae were washed, no stinging or ovipositoriiti@e was observed among the
testedC. sesamiademales (Table 4.1). However, when waslBeduscawas painted byB.
fuscabody extracts a 65% of the females stung the ¢aiffteere was a marked reduction in the
incidence of stinging b¢. sesamia¢from 65 to 25%) wheB. fuscawas painted by the body
extracts of the non-hoB&t saccharinaln addition, stings recorded f&: saccharingpainted by

B. fuscabody extracts did not differ significantly fromade of washe®. fuscapainted byB.
fuscabody extractg= 9.33; df=3; P=0.0001)

Similarly, when C. partellus larvae were washed no stinging or ovipositor itieerwas

recorded among. flavipes(Table 4.1). The percentage stinging decreasetfisigntly from

(75 to 30%) when washédl partelluslarvae were painted with. saccharingbody extracts.
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No significant difference in percentage stingingsvwabserved betweeh. saccharinalarvae
painted byC. partellusbody extracts and wash&tl partelluslarvae painted byC. partellus
body extractgF= 14.29; df=3; P= 0.0001)

4.4.2 Influence of larval body extracts

For C. sesamiaethere was no significant difference in duration asftennating the body
extracts of eithe€C. partellusor E. saccharinaBy contrast, the wasps spent significantly more
time antennating the body extracts of their su@dbstB. fusca(F=24.08; df=3; P=0.0001)
(Table 4.2). SimilarlyC. flavipesspent least time oB. saccharinaextracts. By contrast, the
females spent significantly more time antennatiBhgfuscaand C. partellus body extracts
(F=10.87; df= 3; P=0.0001). Comparison of the twosjpaid species reveals that there was no
significant difference in the response to the begtyacts ofB. fusca(F=1.68;df=1;P=0.2030),
C. partellus(F=2.36;df=1; P=0.1328) artel saccharinéF=2.54;df=1;P=0.1195).

4.4.3 Influence of fresh frass, frass extracts and regurgitant

When C. sesamiademales were separately exposed to the fresk vhE. saccharinaC.
partellus or B. fuscathey spent significantly more time antennating filesh frass oB. fusca
(the suitable host) as compared to the other tvezisp(F=22.26;df=2; P=0.0001(Table 4.3).
On the other hand. flavipesfemales spent more time on the fresh frass of gweiable host
C. partellus followed by B. fusca However, in both parasitoid species, the duratdn
antennation on fresh frass was not significantfiedént between thB. fuscaandC. partellus
whereas it was significantly low on the frass oé thon-hostE. saccharina(F=4.26;df=2;
P=0.0188 (Table 4.3).

The duration of antennation on the frass extra®.diisca,E. saccharinaand C. partellusby
C. sesamiademales was in reducing order with the lowest ¢peih partellus §=3.54;df=2;
P=0.0354. As for C. flavipesfemales, the duration of antennation was highedB.iriusca
followed by C. partellusand least. saccharinaalthough the difference in response was not
significantly differentF=1.12; df=2; P=0.3330)

The regurgitant oE. saccharinaelicited the no response from both parasitoid iggewhen
compared to that oB. fusca,and C. partelluswhich were similar (F=8.05;df=3; P=0.0001)
(Table 4.3).
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Cotesia flavipesemales antennated the cotton wool ball€Cofpartelluslonger than those of
B. fuscaalthought the difference was not significant (F26d8= 3,P= 0.0004) (Table 4.3). In
addition, the females o€. sesamiaalid not probe the cotton wool balls imbibed in the
regurgitant ofB. fuscaE. saccharinaeandC. partellus.For C. flavipes,only 40% of the wasps
probed cotton wool balls containing the regurgitahC. partellusor B. fusca(F=8.44,df=3,
P=0.0001).

4.5 Discussion

The present findings support the hypothesis thatfémalesof C. sesamiaeandC. flavipes
though incapable of discriminating between suitadtel unsuitable host species from a
distance, can do so at close contact. This is lsecthe wasps recognised the body extracts of
their preferred suitable hosts, which they probeth wheir ovipositors. Furthermore, both
species oviposited in the non-hdst saccharinawhen it was painted with extracts of host
larvae [see chapter 2]. On the other hand, a masaaktion in oviposition on their true hosts
occurred when they were painted with extracts efrtn-host larvae. This further underscores

the importance of host recognition cues.

Potting et al. (1995) reasoned that due to the short lifespaf.oflavipes the parasitoids
expected to encounter only a few hosts in itsitifet thus,C. flavipeswas expected to have
low host specificity. This could possibly explahretinability of the exotic wasp to distinguish
between the body extracts Bf fuscaandC. partellus However, this may not apply for the
indigenous wasiC. sesamiaavhich was able to discriminate between the exdraétthe two
species. As opposed @ flavipes C. sesamiadas been reported to be a highly host selective
species avoiding the exotic pe&st partellus(Ngi-Song & Overholt, 1997)This behaviour
corroborates earlier observation ti@tsesamia@loes not sting. partellus[chapter 2]. The
above observations can also be explained by loo&inthe evolutionary history of the two
parasitoids: (i)C. sesamiaeo-evolved withB. fusca(from which it was recovered) and is
likely to be adapted to recognising it ov@r partelluswhich is exotic; (ii) the exotic wasp.
flavipes co-evolved withC. partellus(originated from the same geographic area [Asial an
from which it was recoveredyvhich may explain its preference for the extrastsrahat of the
indigenous boreB. fusca(Overholtet al, 1994a, b; Overhokt al, 1998). Consequently, the
orientation of these parasitoids to their hosts majinked to their evolutionary history.
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In earlier olfactometeric studies, it was thoudtdttthese two wasp species were more habitat
than host specific because they could not discateirbetween same host plants infested by
different stemborer species (Ngi-Song & Overhd97). We suggest that at close contact, the
reverse is true (van Leerdaghal, 1985), because the wasps spent more time segrcbiton
wool imbibed with body extracts of their respectseatable hosts than those of the non-host. In
the current experiments, the wasps did not stiegctitton wool balls imbibed with extracts of
their hosts. This is believed to be due to the mdxseof tactile stimulation (mimicking
movement of larvae), which is necessary for firalegtance and oviposition [see chapter 3];
in fact, such extract used on a mobile larva indumaposition (Table 4.1).

The water extracts of larval bodies can be expectedntain compounds mainly arising from
the feeding activity of the larva (i.e. frass aedurgitant). The present study confirms that the
compounds present in the frass and the regurgitdaénced the behaviour &. sesamiaand

C. flavipesby inducing antennation and/or oviposition.

Specialisation of parasitic wasps towards theithaosay explain why the fresh frass Bf
fuscawas most attractive t68. sesamia@nd likewise that o€. partellusto C. flavipes.This
can be advantageous to foraging parasitoids beaause they have contacted the frass they
may be able to distinguish between stem tunnelsacung suitable and unsuitable larvae.
Whereas in Keny®8. fuscaprevail the high altitude areaS, partellusis predominant in the
low-lands and mid-altitudes (Seshu Reddy, 1983).tiMplecies infestations bB. fusca C.
partellus and E. saccharinaare common in the mid-altitudes although the tatigecies is
scarce (Ong'amet al, 2006). Ngi-Songt al (2001) showed thd. fuscawas not suitable to
C. flavipesand successful parasitism was possible only inscaenulti-parasitism. In which
caseC. sesamiadiad oviposited first and lowered the immune respoaf the host thereby
preventing encapsulation @. flavipeseggs (Ngi-Songet al, 1995). As a resulB. fuscais
often found parasitized b§. flavipesin the field (Matama-Kaumat al, 2007). Thus, the
attraction ofC. flavipesto B. fuscaand its association to this host is likely to haweeffect on
biological control programs in localities where bgiarasitoids exist in sympatry aBd fusca

is a dominant host.
The ability to discriminate hosts is crucial foetbastablishment of the exoti: flavipes which

encounters many new suitable and unsuitable hosts hew environment in Africa (Le Rei
al., 2006 a,b).
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Considering that as many as 50% of foraging waspsk#led in stem tunnels due to the
aggressive behavior of hosts by biting or spitt{igkasu & Overholt, 1997), the foraging
wasps may be under selection pressure to recogimese host with minimal risk of injury.

When a parasitoid has a high mortality risk at eaeiposition, life history theory predicts a

high selectivity to avoid waste of progeny (Warél92).

During stem tunnelling, the frass is usually pusbetside as larvae feed inside the stem. It was
observed that host seeking behaviourCinflavipesis mediated by water soluble chemical
substance present in the frass, which when exttaetécits a characteristic host searching
response (van Leerdagh al.,1985). The behaviour &. sesamaiandC. flavipesantennating
cotton wool balls containing water extracts of thespective hosts in the current study
corroborate the above. Despite the females retaipreference for their host's extracts, their
response was not significantly different among stemborer species. This is likely to be
caused by low activity of the water extract duensmlubility (in water) of some components of
frass such as fatty acids and lipids (Kuwahetral., 1983; Takabayashi & Takahashi, 1989;
Roux et al.,2007). Furthermore, the parasitoids could havesidd their foraging behaviour
by reducing their response to changes in the qualitthe extract. Pottinget al (1995)
observedthat these parasitoidespond to host abundance and quality in the Halsitel are
often less attracted to frass that is dry or ewwade less in a dry habitat. As such, frass is
believed to be a directive mediator in the hostlifig process b¥. sesamiaa@andC. flavipes
(Ngi-Song & Overholt, 1997).

Spitting among lepidopteran stemborer larvae isrofh defence mechanism in response to
attack by parasitoids (Takasu & Overholt, 1997)wdwer, the host regurgitant produced is by
itself an important source of short-range attrastaand arrestants for parasitoids (Cobert,
1971). The fact that the regurgitant is intimatedlated to larval species and is produced at the
final stage of host encounter during ovipositiotemipts suggests that contact with the
regurgitant should induce oviposition behaviouobserved irC. flavipes This encounter with
their hosts usually implies th&. sesamia@andC. flavipesin turn must evolve the ability to
recognise the regurgitant of their respective hdltss explains the stinging activity observed
when exposed to the host®f fuscaandC. partellus.However, we do not have an explanation
as to why the indigenous parasitoZl,sesamiaedid not sting the cotton wool balls imbibed in

the regurgitant oB. fusca
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These findings corroborate those of Potteigal. (1997) showing that extracts from the
mandibular glands of. partelluselicit behavioural response amo@Ggflavipesfemales.

The similar duration of antennation of the regugitof bothC. partellusandB. fuscacould
indicate that the two are close in chemical contmmsiwhile that ofE. saccharinawhich did
not elicit any response from the wasps, is differétowever further experiments may be

required in order to confirm this.
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Table 4.1. Percentage stinging (%, mean + SE, nbg0the female wasps in response to the
treated stemborer larvae

Parasitoid species Larvae treatment

% stinging
Cotesia sesamiae WashedB. fusca Oa
B. fuscapainted withB. fuscaextract 65+ 11c
B. fuscapainted withE. saccharinaextract 25 + 10ab
E. saccharingainted withB. fusca extract 50 + 11bc

(F=9.33; df=3; P=0.0001)

Cotesia flavipes =~ WashedC. partellus

Oa
C. partelluspainted withC. partellusextract 75+ 10c
C. partelluspainted with E. saccharinaextract 30 £10.5b
E. saccharingainted withC. partellusextract 65+ 11c

(F= 14.29; df=3; P= 0.0001)

Means within a column for each parasitoid speadewed by different letters are significantly
different at P=0.05 level (Student-Newman-KeulstTekowing ANOVA).
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Table 4.2. Duration of antennation (in seconds,rme&E, n=20) by female wasps in response to
extract solution of host larvae deposited on biatiaiton wool

Parasitoid species

Extract tested Cotesia sesamiae Cotesia flavipes (F.df, P)’

H,0 Oa 0a (0,1,0),

B. fuscabody 31.6 £ 6.3bA 20.9 £5.3cA  (1.68,1,0.2030)

C. partellusbody 0.2 +0.1aA 39.5+9.7cA  (2.36,1,0.1328)

E. saccharingbody 1.0 £ 0.6aA 2.8+1.0bA (254101195
(F.df, P)* (24.08, 3, 0.0001) (10.87, 3, 0.0001)

Means within a column for each parasitoid speaiswiied by different letters (abc) are significantl
different at P=0.05 level (Student-Newman-KeulstTekowing ANOVA).

>Means between columns for each parasitoid speailesved by different letters (ABC) are
significantly different at 5% level (Student-Newmiruls Test following ANOVA).
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Table 4.3. Duration of antennation (in seconds,mie&E, n=20) by female parasitoids
in response to sample tested

Sample tested Host species C. sesamiae C. flavipes (F, df, Py

Fresh frass E.saccharina 18.0+5.6aB 61.3 +17.8aA °-37,1,0.0260
C. partellus 21.7 +6.4aB 142.9 +25.6bA21.14,1,0.0001
B. fusca 117.9 £19.0bA 112.6 +£15.7bA0.05,1,0.8324

(F, df, P} 6.75,2,0.0023 4.26,2,0.0188

Frass extract E.saccharina 1.7 #0.4abB  10.1 +3.6aA  8:71,1,0.0054
C. partellus 1.1 +0.3aB 21.7 £ 5.9aA 34.50,1,0.0001

B. fusca 2.7 £0.6bB 26.1 + 11.6aA 6.36,1,0.0160
(F, df, P} 3.54,2, 0.0354 1.12,2,0.3330

Regurgitant H.O Oa Oa
E. saccharina Oa Oa
C. partellus 1.4 +0.6bB 25.3 +7.1bA 11.16,1,0.0019
B. fusca 1.4 £0.2bB 16.7 £ 5.3bA 8.27,1,0.0066
(F, df, P} 8.05,3,0.0001  6.82,3,0.0004

For each parasitoid species means within a colwiowied by different letters (abc) are significantl
different at P=0.05level (Student-Newman-Keuls Telbwing ANOVA).

’For each parsitoid species means between columisedb by different letters (ABC) are
significantly different at P=0.05level (Student-Nean-Keuls Test following ANOVA).
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Chapter 5. Preliminary Identification of Kairomone(s) Involved in

oviposition by the Braconid Larval Endoparasitoid Cotesia flavipes

5.1 Abstract

In chapter 4, it was demonstrated that the reqamgivf the suitable hosts induced antennation
by bothC. sesamiaandC. flavipesand insertion of the ovipositor f@. flavipesonly. Thus,
the component of C. partellus regurgitant appeardeanvolved in host recognition and
acceptance bg. flavipes This study was conducted to identify the compauresponsible for
ovipositor insertion byC. flavipes When the regurgitant was subjected to dialys$a{ning
compounds with molecular weight > 8 kD) stingingivaty was retained. However, when the
regurgitant was boiled ovipositor probing did natcor. Gel Electrophoresis revealed the
presence of numerous protein bands in the reguatgitha suitable stemborer host some of
which differed from those of the non-ho&. saccharina These results indicate the
involvement of protein(s) in host recognition arateptance by. flavipes More studies are

already underway to confirm this and to identifg grotein(s).
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5.2 Introduction

In the evolutionary arms race between herbivorestheir natural enemies, herbivores have
evolved several traits to reduce their vulnerapitd enemies. One of these traits can be a
specific behaviour that reduces their recognitiod detection by natural enemies. It has been
argued that the stemboring habit of many herbivepecies avoids proximity of feeding
damage and reduces accessibility for natural ereewiiech may have been one of the reasons
for its evolution (Strongt al, 1984).

However absolute safety from natural enemies ituaily impossible. Although attack by
enemies imposes selection pressure on victimsdiaceevulnerability, counter selection works
on enemies to improve their efficiency in findinglihg hosts (Jeffries & Lawton, 1984). It is
as a result of such continued selection presshegsme believe the parasitoids have been able
to utilise the regurgitant as a cue (intimatehated to the host) in discriminating their potential

hosts from non hosts [chapter 4].

As already mentioned, the ability of parasitic weasp successfully utilize more host specific
cues in their habitat in location and discriminatibetween suitable and unsuitable hosts
contributes to their efficiency (Vinson, 1985; Gadf, 1994). In this regard, we found that the
larval regurgitant is an important cue to the seiag natural enemy. This is partly because the
natural enemy usually comes into contact with #gurgitant after examining the frass at the
entrance of the tunnel [see chapter 4]. It wash&rrconfirmed that the regurgitant induced a
host seeking behaviour (antennation) by bGthsesamiaeand C. flavipesand ovipositor
probing inC. flavipegsee chapter 4].

In the current study, a preliminary attempt was enao identify the components of the

regurgitant that induce oviposition K flavipesare made.
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5.3 Materials and methods

5.3.1 Insects

The rearing conditions and origin for the paradgofC. sesamia@ndC. flavipe$ as well as
those of the stemborer®8.(fusca C. partellusand E. saccharing were similar to those
described in chapter 4. Similarly, for the paradgdl-day-old naive, putatively mated females
were used. The third and fourth larval instar8ofusca E. saccharinaandC. partelluswere
introduced into jars (10 cm x 20 cm) each contgjrpreces of maize stem and left for a 48 hr
feeding period before being used in the experimjsets chapter 4].

5.3.2 Experimental procedure

For each host stemborer species, a single land thela soft forceps was gently squeezed
(behind the head) and a capillary tube used taecbthe oral extract produced. The process
was repeated for several larvae and the total rohtke extract each time recorded. The
collection of regurgitant was done in a cold roaro(nd 10°C) in order to conserve activity.
This was filtered (Whatman # 1) and dialyzed agamwater in an MWCO 6-8 kD cellulose
membrane for 3 days at (2-4°C) then freeze-dried.

The sample was later resuspended into distillecdemiat obtain a solution of about 20 pl of
regurgitant per 100 ul for each stemborer spetiethe first setup, the solutions were directly
used for bioassays, while in the second setup righlfy collected regurgitant in their tubes
were directly transferred into a water bath to boil0GC for 10 minutes.

A 20 pl aliquot of each type of extract was demmbion a ball of cotton wool (3 mm) and
exposed to the parasitoid. Each wasp was obseovedrhaximum of 60 sec [similar to chapter
4]. The percentage of wasps probing the cotton wablwas calculated from twenty replicates
of a single wasp each. Both the wasp and cotton balblvith regurgitant were used once and

replaced after each replicate.
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5.3.3 Electrophoresis

In all gels, the Hoefer Scientific Instrument (HES 1500, San Francisco, USA) was used.
About 3 mg/ml of total proteins of frass extractgladl mg/ml of total proteins of regurgitant
extracts ofB. fusca C. partellusand E. saccharinaobtainedfrom the samples of chapter 4
wererun on 4-20% polyacrylamide gradient gel undervgationditions at low temperature (2-
4°C). Thereafter, the gel was stained by the sihieate method described by Oaklet al.
(1980).

5.3.4 Partial purification

About 10 mg/ml of regurgitant o. partellussuspended into Tris-HCI 20 mM, pH 8 buffer
was loaded on a diethylaminoethyl Sephacel (SigibaK0700) column (105 mm x 6 mm)
and the column eluted with the same buffer. Theddasce at 280 nm was measured in the
eluted fractions. The fractions containing protegaks were combined. Thereafter, the column
was eluted with NaCl 0.5 M in Tris-HCI 20 mM, pH 8fter. Similarly the absorbance at 280
nm was measured in the eluted fractions and thaidres containing peaks of proteins were
combined. Both combined fractions (- or + NaCl) weiadyzed for 3 days at low temperature

(2-4°C) with MWCO 6-8 kD cellulose membrane againatex then freeze-dried.

A 20 pl aliquot of each type of extract was demmbion a ball of cotton wool (3 mm) and
exposed to the parasitoid. The response of eaclp was observed during 60 sec. The
percentage of wasps probing the cotton wool ba#l walculated from twenty replicates of a
wasp and cotton wool ball each. Both the wasp arttbrtovool ball with extracts were

replaced after each replicate.

5.3.4 Data Analysis

The means of the percentage stinging activity endbtton woll balls containing boiled and
dialysed regurgitants were separated by StudentiNswKeuls Test. The statictical tests were
conducted using SAS software USA.
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5.4 Results

The dialysed regurgitant of the suitable hGspartellusinducedstinging activity on the cotton
wool balls in about (55+11.4) % ¢éémaleC. flavipes However, the female parasitoids showed
no response to the cotton wool balls containing bwéled regurgitant (F=23.22,df=1,
P=0.0001).

Electrophoresis of the frass extracts and regurgaathe three stemborer speciBsfuscakE.
saccharinaandC. partellusrevealed the presence of numerous proteins (Flg. Bowever,
more proteins were revealed in the regurgitantaextrthan in the frass extracts regardless of
the stemborer species used. For each stemboreesgeme of the proteins present in the frass
were also found in the regurgitant. However, thetgin profiles were for the three stemborer
species.After elution on a diethylaminoethyl Seghamolumn with or without NaCl, of
dialysed regurgitant o€. partellus no stinging activity was observed f@x. flavipes even
when the two types of extract were mixed togethi@vas therefore not possible to continue the
purification process of the regurgitant@©f partellus

5.5 Discussion

Caterpillars exhibit a broad array of behavioursyphologies and physiologies; and it can be
difficult to discern which of these, if any, actiyafunction as defenses against their many
vertebrate, invertebrate, and microbial enemiesuiB\& Schmidt 1991; Gross, 1993; Godfray,
1994; Dyer, 1995). There are at least two mairteggias of defense followed by lepidopteran
stemborer larvae: (i) primary defenses that incloeleavioral and physiological responses that
are activated once larvae have been encounteradtawrked by an enemy. Here the larvae
aggressively defended themselves against attagkasgs by biting, spitting or flicking-off the
wasp (Takasu & Overholt, 1997) and, (ii) seconddefenses that include immune system
responses by hemocytes against endoparasitoidagggsvae once parasitized (Gross, 1993;
Godfray, 1994).

While the production of the host regurgitant serassa defence strategy, it also enables the
parasitoid to recognise its suitable host becatisecomponent in the regurgitant that attracts
and arrests the parasitoids (Cobert, 1971). Thergéguot has elicited much attention from the
scientific community because of the diverse reastithat it is inducing among parasitoids and

the plants.
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The fact that fresh regurgitant rapidly lost adyivet room temperature (M. Obonyo, personal
observation) could indicate the presence of an mezyn the extract. For example (&
glucosidase that rapidly degrades the regurgithRieris brassicad.. (Lepidoptera: Pieridae)
larvae was reported by Mattiacti al. (1995). It is possible that boiling of the cruddracts of
the regurgitant denatures the active compoundsngad the loss of activity but this also could
indicate the presence of a protein like substarmgeaddition, the observation that the
regurgitant extract remained active after dialysssng MWCO 6-8 kD cellulose membrane
implies that its active components inducing oviposi by C. flavipesare have molecular
weight greater than 8 kD and were retained in tleenbrane. For example, a 30 kD protein
from the frass, haemolymph and the entire larvaeHeliothis virescens(Fabricius)
(Lepidoptera: Noctuidae) has been identified aaieoknone inducing oviposition b&rchytas
marmoratug Townsend) (Diptera: Tachinidae) (Nettles & Burk3875).

According to the electrophoresis results, the pmetepresent in the regurgitant appear
characteristic to the stemborer species. In adae] the protein profile was different among
the three stemborer species (Fig. 5.1). Neverthelelsen the regurgitant extract was loaded on
a diethylaminoethyl Sephacel column, the extrast &ctivity. There are two possible reasons
for this (i), the process probably denatures thagrotein(s) and/or (ii), the extract obtained
after elution is too dilute to show any activityhét activity of a kairomone is frequently
concentration dependent). Another purification rodtlavoiding this dilution phenomenon or
risk of protein denaturation is necessary to allosvto purify and identify the potential

protein(s) inducing oviposition i€@. flavipes This aspect of the research is already underway.

For C. sesamiagealthough the regurgitant extract of its suitabtest (even the frass extract)
induced antennation (indicator of host recognitifs®e chapters 2 and 4], it is not inducing
oviposition. Therefore, the compounds present énrdgurgitant of its suitable host are not by
themselves inducing oviposition. It is possibletteach induction occurred in combination
with the movement of the larvae [cf. tactile stiafidn mentioned in chapter 4]. Another
hypothesis is that other kind(s) of compound(shedént from the ones used By flavipesare

involved in host acceptance for oviposition®ysesamiaeOther compounds including sugars,
free amino acids, sesquiterpenes and lipids haea leeidenced as kairomones stimulating

oviposition among parasitoids [see chapter 1].
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Figure 5.1 Electrophoresis using a 4-20% gradiesiygerylamide native gel of proteins
present in the frass extractBf fusca(lane 2),E. saccharinglane 3) ancC. partellus(lane 4)
and in the regurgitant d8. fusca(lane 5),E. saccharina(lane 6) andC. partellus(lane 7)
(lanes 1 and 8: low and high molecular weight merkeespectively). The gel was stained with

silver nitrate.
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Chapter 6: Conclusion

In the evolutionary arms race between herbivorektheir natural enemies, herbivores have
evolved several traits to reduce their vulneraptlit enemies. This is achieved by the reduction
of their detection and recognition by natural eresniStronget al (1984) reasoned that the
stemboring habit of many herbivore species enathlesy to avoid proximity of feeding and
reduces accessibility for natural enemies. Howealesolute safety from natural enemies is
virtually impossible. Although attack by enemiespses selection on victims to reduce
vulnerability, counter selection works on enemsmprove their efficiency in finding hiding
hosts (Jeffries & Lawton, 1984). As a consequericthis evolutionary process, parasitoids
have also developed behavioural and morphologibalacteristics allowing them to attack
hosts with a concealed lifestyle (Sméhal, 1993).

Information is available giving candid detail orethse of plant volatiles in long-range foraging
behaviour by the congeneric parasitoZlssesamiaand C. flavipesduring the searching for
hosts (Pottinget al., 1995; Obonyoet al., 2008) as well the usefulness of volatiles to
discriminate different host and non-host pants Qkeet al.,2003), including those that had
been infested by different suitable and not sugtadiemborer host species (Ngi-Saetgal,
1996; Ngi-Song & Overholt, 1997). However, stimiubm the habitat or host products do not
convey sufficiently reliable information on the tlbility of the damaging species for the
parasitic wasps; but are mere indicators of herkiywesence (Ngi-Song & Overholt, 1997).
As a result,C. sesamiaeand C. flavipesare often attracted to plants harbouring unsuetabl
stemborer species, which act as a reproductive(Biokinget al, 1993; Ngi-Songet al, 1996;
Obonyoet al, 2008). Thus the females @f. sesamiaeand C. flavipesare often unable to
recognise their hosts from a distance but rathesltse contact. For that reason, the purpose of
this study was to understand the basis of hostidig@ation upon contact by the two parasitoid
species. It was incumbent to compare suitable HostBusseola fuscéor C. sesamiaeand

Chilo partellusfor C. flavipe$ and a non-hosg|dana saccharina

The findings in this thesis showed tiat sesamiaand C. flavipesfemales are able to detect
the presence of a larva in cloze proximity, prodiy the volatiles emitted by the frass and/or
products related to feeding of the larva. This cl&te in close proximity permits female wasps

to locate their potential hosts.
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Afterwards, antennal examination played a cruax rfor host recognition and acceptance.
Whereas the tars probably through reception ofatibinal signals seemed to be important or
even essential for final host acceptance befongisiiy. The stemborer larval contact cues (both
physical and chemical) seemed to play a major iroleost acceptance for oviposition by the
female wasps. The identification of these cues lglp us to isolate the kairomone(s) involved
in host recognition and acceptancetysesamiaandC. flavipes.

In addition, the females &. sesamia@ndC. flavipesshare the same type and distribution of
sensilla enabling them to detect volatiles andadnthemical stimuli from potential hosts. The
olfactory receptors are restricted to the anterwhde taste receptors are present on the

antennae and tarsi.

When suitable host larvae were washed in distillatker, the behaviour of the parasitoid was
similar to that displayed when in contact with tlen-host larvae, characterised by the absence
of ovipositor probing. When the stemborer larva@giaed suitable host or non-host larvae)
were painted with water extracts of their respectuvitable host-larvae, the parasitoids showed
a significant increase in ovipositor probing. Timslicates the importance of water-soluble
contact chemical cues from the stemborer larvabost recognition and acceptance by the
parasitic wasps. However, water extracts of sugtdlgist-larvae deposited in cotton wool balls
did not induce ovipositor insertion for both sesamiaandC. flavipes These extracts allowed
them to discriminate between suitable host and hwst; antennating more intensely on their
respective suitable hosts than on their non-hostextracts.

It was further shown that the parasitic wasps sdilirass for host recognition during short-
range examination because they intensely antentiageftass of their respective suitable hosts
more than that of the non-host. The attraction agpvspecies is very likely to be consistent
with oviposition record; i.e., the wasps would mpoefer the frass of species they would not
oviposit in. This is further supported by the fdwt the frass is usually a product of the feeding
activity of the larvae. Consequently, the frass nbayintimately related with the larva’s
regurgitant explaining the inability of both patagl species to discriminate betweBnfusca
and C. partellus.It was also observed that the regurgitantCofpartellusby itself induced
oviposition byC. flavipes
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This was not the case wili. sesamiaavhen using regurgitant d8. fusca However, the
regurgitant of the suitable hosts induced anteangi behavior involved in host recognition)

by bothCotesiaspecies.

As for the composition of the regurgitant, it isywdikely that there is/are protein(s) from the
host stemborers that is/are responsible for ovipogirobing byC. flavipes However, further
experiments are required to confirm this and tantide the protein(s). Similarly, the results of
this study do not allow for explanation as to whg indigenous parasitoid;. sesamiaedid
not sting the cotton wool balls imbibed in the negiant of B. fusca Additional experiments
are needed to isolate and identify the host kaire(®) involved in host recognition and

acceptance bg. sesamiae
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