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Abstract

A critical stage in the successaparasitoids theability to locate a host within its habitat. It
is hypotheied that a series of olfactory cues may be involved in altering the parasitoid’s
movement patterns at this stage of foragirgs paper focuses specificaliy host habitat
location and host location and the olfactory stimuli necessary to mediate tligoinans
between these stages. Hirsve confirmthe ability of the parasitoidphidius colemani to
detect the aphid sex pheromone at an electrophysiological f@lewing thiswe

investigate the effect of the sex pheromone compgdes{7S, 7aR)-nepetalactone on the
movement patterns @. colemani and its retention within an area. The key findings of this
work are thai. colemani is able to detect the sex pheromone components, that parasitoid
retention is increased by a synergy of nepetalactone and otherssostated cues and that
foraging patterns are augmented by the presence of nepetalactone or expssecieded

with nepetalactone.

I ntroduction



One of the mainttallenges facing a parasitoid is locating a host in a stismigh

environment. For parasitoids, like many other insects, olfaction plays an impotéaint r

host location and hostabitat location\(Vaschkeet al., 2014) Having an acute sense of smell
is critical for the success of a parasitoid in locating its host but means thatemy g
environment willappear populated withvaide range of stimuli. Part of the challenge for the
foraging parasitoid will be to distinguish the odours which relate to host presenaedjastd

their behaviour accordingly to minine the energy expenditure in locating the host.

The process of host location in a multitrophic environment is frequently viewed assadgeri
stagesDivisions of the stages of host selection are often degitedrby ahierarchy of

cues, or the order in which they are encountered (van Alphen & Vet, 1986; Wellings, 1991).
One of the most widely adopted categorisation systems is that proposed by Vinson (1976).
Vinson describes five distinct siegin host selection: host habitat location, host location,
host acceptance, host suitability and regulation. Our focus in this study is tlhgtmans

between the initial two stages: host habitat location and host location.

To understand the transition between host habitat location and host location we must also
consider theeliability-detectabilitytheory(Vet & Dicke, 1992). This theory identifies that

while adours more distantly associated with the host may be more abundanmtsise

closely relatedvith the hostwhile more discretewill offer greater reliability We speculate

that less reliable host habitat odours (plant volatiles) will be the principal cuenusest

habitat location but more reliable host cues will be required to initiatddoagion For ths

reasons we selected the use of the aphid sex pheromone in this study. Aphid sex pseromone
from a range of species have been shown to deeiR 485 7S 7aR)-nepetalactol and

(485, 7S 7aR)-nepetalacton@or full list see Hardie & Minks1999). In a natural environment



femaleoviparae will produce the pheromone from glands on the metathoracic tibia (Marsh,
1975) andwvave their legs to increase exposure of the glémdihe male aphids to detect
(Pettersson, 1970). The odour is detected by a range of aphid paraseefsvwell and

Pickett, 2003) in addition tlacewings Zhanget al., 2006) and ladybirdd_groyet al., 2012

which predate on aphids. Although aphid populations are often asexual, it is higsathes

that the strong respsea seen by parasitoids is because the critical timing at which aphid
populations produce the pheromone which may be the final chance for the parasitoid to find

an overwintering hosHardieet al., 1991; Wadhameat al., 1999.

Integral to parasitoid foraging success is the learning plasticity desptayoughout their
lifecycle. Although odour pferences may be acquired in @ ly stages of the parasitoid
lifecycle they are frequently adjusted by experiences of associative |learmictgthe adult

will gain through successful oviposition (Storeck et al., 2000). Odours which alreadw exist i
the wasp’s chemical catalogue may elicit an increased responsivenesgkaudin 1993)
such as seen in alpha conditioning. It has previously been hyjethést nepetalactone,
which is considered a highly reliable cue, will not be subject to alpha conditionimgvsi

et al., 1999). Using a stimulus to which the parasitoid potentially already holds an innate
response offers an exciting opportunity to explibre extent of associative learnisugd

address the reliabilitdetectability hypothesis with regard to changes in foraging behaviour.
Experience in this study is provided via associative learning with the sex girexavhich

was not present in any previous stage of the individual’s lifecycle.

The high reliability of aphid sex pheromone maitesgood candidate for the study of
behavioural changes during foraging but it could also have application in biolagntadic

systems. Work has previously shown that the spatial distribution of aphid parasitoids is



altered by the presenoénepetalactone (Powell, 2004). Although the compounds are
detected by asexual aphids (Fernan@eandonet al., 2013), there is no evidence that it

would alter their behaviour or population dynamics. Laboratory bioassays haveamnow
innatebehavioural responses to nepetalacton¢hieparasitoidAphidius ervi (Poppy et al.,
1997). The prevelance of this behavauesponse is supported by field work by Glinwood

et al., (1999 which has showthat parasitisnioy Praon volucre andAphidius rhopal osiphi

can be increased around vialsnepetalactoneDespite being one of the most commonly

used parasitoids in the biological control of aphids, it is not known whether the aphid
parasitoid Aphidius colemani Viereck (Hymenoptera: Aphidiinae) responds to components of

the sex pheromone.

Aphidius colemani is ageneralist parasitoid frequently employed in the control of a range of
glasshouse pesth is a favourable control agent due to its short life cycle, high reproductive
potential, ability to parasitize a several aphid species and the relative easé&iithhay

can be mass rearefls members of Hymenoptera they display a high aptitude for learning,
this ability to learn combinedith their need to oviposit in a suitable host to ensure
reproduction make them an ideal candidate for studying foraging behaviaitgly by

Ameixa & Kindlmann (2011) has shown that the behaviour of the parasitoid can be ajtered b
Nepeta cataria oil, which contains the sex pheromone components, however no confirmation

of a response to the specific compounds was provided.

The ains of this research wette determine the ability o&. colemani to detect pheromone
components, if there are synergiagh the pheromone whicalter theirbehaviour and the

pheromone plays a role in transitioning from host habitat location to host location.



To achieve this we implementetectroantennography to testcolemani responséhe
compoundg1R,4&57S7aR)-nepetalatol and(4aS, 7S, 7aR)-nepetalactonehich comprise the
aphid sex pheromone. Following this we explored, through retention of the parasitoid if the
are any synergies with the component nepetalactone and plant or host volatllés. dsing
tracking sdtware, we identified the exact locomotary response of the parasitoid in various

conditions to reveal changes associated with host foraging.

Materials and M ethods

| nsects

Peachpotato aphidsMyzus persicae (Sulzer)(Hemiptera: Aphididae)wererearal on

Chinese cabbadgrassica rapa spp.pekinensis cv. Wong Bokas asexual virginoparae

morphs. The generalist parasit@ighidius colemani weremaintained ortheseM. persicae
colonies for use in electrophysiological wovkhile reproducing asexuall¥). persicae do

not produce any sex pheromone (Hasdial., 1990), therefore any treatments used in this
study represent the parasitoids’ first encounter with the aphid sex pherdrooaé.

behavioural assay8, colemani were provided by KopperkKpppert B.V, Netherlands) from

a differenthost/plant rearing background.(Bolckmans pers.comm.).A. colemani were

used directly from supply meaning they had no experience on our host/plant system prior t

the assays.

Electrophysiology
Electroantennogram (EAGgcordings fronfemaleA. colemani were made using Aé\gCl
glass electrodes filled with saline solution (composition as in Maddrell, 1969 Inainvit

glucose). Thearasitoid wasreaesthetied by chilling after which the headhs excisednd



the most distahntenna tips removed. The e&sad head waglaced within the indifferent
electrode, with the antennae protruding. Both anteweae inserted into the recording
electrode. The signals were passed through a high impedance amplifié6(\3\intech,
Netherhnds) and analysed using a customized software package (Syntech). Thg delive
system, which employed a filter paper in a disposable Pasteur pipetiggeatias been
described previously (Wadharasal., 1982). The stimulus (2s duration) was delivered into a
purified air stream (1 I/min) flowing continuously over the preparation.

Samples (10 ul) of the nepetalactone and nepetalactol, diluted in hexane (50 pg/mi] 1 mg/
and 10 mg/ml), were applied to filter paper strips and the solvantllowed to evaporate
(309 before the strip was placedardisposable Pasteur pipetgatridge. Hexane was used

as a control stimulug-resh cartridges were prepared immediately priastoEAG

responses to the two sex pheromone componentsstegr@ar@zed to the response to

hexane applied at the beginning and end of each run, following the methodology used by
Parket al. (2001) to account for signal deterioration. A total of 5 individuals were tested,

each representing an independent replicate.

On-leaf retention time

In a natural environment specific chemical compounds are not found in isolation and
normally form only a part of the total blend an insect will detect at a given timsdikely

that the response of the parasitoid will depend on a combination of these odours, vibrational
and visual cues thatréceives The onleaf retention time assay alledan evaluatiorof

latency to leaving the leaf under different conditions. This assay allowednweshigate

potential synergies between plant volatilgshid associated odours and nepetalactone in

addition to the standamkd visual stimulus of a leaf surface.



Leaves were excised from 3 weald Chinese cabbage. Each leaf was placedsmal
plastic'Blackman box’ measuring 7.5 x 4.4 x 2.2 cm. These b@llew for the leaf stem to

pass into another area where it is kept moist by a damp sponge, allowing\aigneated
longevity for excised leavd$or full deseiption see Blackman, 1971). The box was rested in

a shallow basin of water, allowing the leaf to receive moisture through a spahgebiase.
Treatments described as empty had no leaf in the box and no odour stimuli present. Those
described as previously infested had 10 aphidsr&ar to adult) placed on the leaf using a
size 0 paintbrush and allowed to feed. Afesrding forl6h, when the experiment was to be
conducted, the aphids were gently removed from the leaves but any exuviae and honeydew
was allowed to remain. The treatment involvordy aphid+elated cuesvas achieved by
allowing the aphids to feed on the leaf for 3 days, after which time they were removed
(though honeydew and exuviae remained) and the leaf was allowed 24h with no aphid attack
to allow volatile production to diminish (Dat al., 1996 Guerrieriet al., 1997). The

systemically damaged plants were created by allowing 20 aphids, containedavelip

cage, to feed on a leaf on the plant for 72ldlifferentleaf from the same plant was then

used in the assay.

A femaleAphidius colemani naive to the sex pheromone and the plant/host complex was
placed on the centre of the leaf surface and latency to leaving the area was rdicaaied
important that replicate foall treatments in a sebuld be completed within a day to reduce
temporal and cohort behavioural \&ion. For this reason the treatments were split into two
distinct setawith the first covering a broader range of potential cues and the second focusing
on those showing the greatest parasitoid retentioBet 1 the parasitoid was allowed 15
minutes bedre the assay was completat Set 2 each parasitoid was allowed 20 minutes.

The extended time allowance was ubedause the odours present in Set 2 were considered



to be of greater reliability therefore increasing the time before the patasdald leave the

area. If the parasitoid did stay longer as a results of these odours, 15 minuttaatdave

been sufficient to distinguish treatments. The assay was stopped if the phvasiked or

flew out of the Blackman boxX.he time of leaving the le@fr central areawhen no leaf was
presentwas also recordegiving an accurate measure of retention time, or latency of period
before leaving the leaf/are@reatments using nepetalactone had the compound introduced
via a 10 pl microcapillary (Drummond Scientific Co., USA) affixed to the sidbheof

Blackman box. The standard concentration of nepetalactone used was 1 mg/ml and the high
concentration was 10 mg/ml providing an approximate release rate of 0.3 pg/min and 3
pHg/min respectivelyln both sets othe assay 35 replicates were completed, each representing
a separate individual leaf, Blackman box and female agked&/s old. The bioassay room

was maintained at 201°C.

Motivation assay

The motivation assay arena was constructed of a Petri dishrddiameter (Sterilin

Limited, UK) with a 2 cm x 2 cm square removed from the ceifitre.central opening was
covered with gauze and a 3 cm diameter Petri dish was affixed to the undergde.
centimetreto the side of the square circle was cut of appximately 0.5 cm diametavhich
provided an entry point for the parasitéidm below the assay are(fag. 1). The larger

upper dish formed the assay arena while the smaller dish on the undesitie odour

source chambeilhe parasitoids were provided with a wick of 20% honey solution and kept
in a glass vialn the controlled environment 30 minutes before the start of the experiment to
allow them to acclimatéA glass covering prevented parasitoids from flying out of the arena
but still allowed for aecording of the assay to be made from above using a TK-C1360B

colour camerdJVC). Experimentsvere conducted during the most active péthe insecs



photophase (08.00-12.00) under ~ 1.7 lkioof lighting using a lamp with a diffusion light
filter. The bioassay room was maintained at 20& The lid of a vial containing a parasitoid
was placed in the 0.5 cm diameter hole in the base of the arena, once the lid wasaffixed t
the entry point the recording commenced. The behaviour of the parasitoid was réoco8led
minuteswith the intention of identifying differences in movement speeds and frequency of
turning to indicate changes in foraging behavi®articular differences in behaviour which
may indicate a switch to foraging would be a reduction in locomotion and increaseimg t
Our null hypothesis would be that none of the treatments used would alter the movement

speed or pattern of the parasitoids when compared to values seen in the control group.

Recordings weraotanalysedn real timebut were recorded onto DVD and tracking

software Ethovision software (v 3.1 Noldus Information Technology) was applied late

during playback to track the movement of the insect within the arena. Ovipositioreagper

was provided by giving each parasitoid 5 minutes to freely oviposit in a Petri disleain a |
containing 10 aphids of mixed instars. At least one oviposition attempt had to be observed for
the wasp to be used in the studyl. parasitoidswverenaive in that thegmerged entirely in

an isolatedaboratory environment and therefore had no previous adult encounter with aphids
or the sex pheromone prior to the assayhull listing of the treatments used can be seen in
Table 1. Prareatments were administered immediately before commencing therass

separate Petri disfireatments were applied only 30s before the wasp entered theTdrena
still-air nature of this assay and passive movement of the odour into thekoewra odour
saturation. This was intentional as the design was not afrtedting the response to locating

the odour source but behaviours when the parasitoid is in close proximity to the odour source.
All replicates were completely independent with a new wasp, leaf and treatmised .aflb

equipment was cleaned betweenregplicate.



10

Statistical analysis

Electrophysiology
Antennal response to the aphid sex pheromone components was compared to the hexane
control using a Mann-Whitney rank sum test conducted using Minitab software (Minitab 16,

2010).

Retention time
Data vwere analysed from both sets of experiments usingn@yeANOVAs with posthoc
Tukey tests in Minitab (Minitab 16, 2010). Thirty five replicates were congpleteeach

treatment, with each individual parasitoid and leaf representing an independeateepl

Motivation assay
Differences between treatmeatisd the control group were identified using Krusikédilis
tests withMinitab statistical softwaréMinitab 16, 2010)Due to the repeated analysis, the

Bonferroni correction was applied posthoc.

Results:

Electrophysiology

EAG was conducted usin(gaS 7S, 7aR)-nepetalactone andR,4eS,7S,7aR)-nepetalactol
comparing these treatments against hexanecanteol (kg. 2). EAG responses of the
parasitoid antenna indicated that the 0.05 mg/ml of both isdaikxd toelicit a response

within the antenna. However, a concentration of 1 mgimhepetalactone did elicit an
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electrophysiological response significantly greater than the cditrel 4.09, P = 0.026)
which was also seen in the higher concentration of 10 n{@/# 12.6, P < 0.001A
response to nepetalactol was only seen in the highest concentration of 1qTag#8l72, P

=0.02).

On-leaf retention time

Retention ofA. colemani in a specific area was tested using a range of treatments. This
approach allowed the identification of any synergies or additive effetite alies available.
A comparison of the retention time between treatments also reveals the hiefacobhyg

which may beutilized by the foraging wasp.

In the first set of trials freatments were testeghch with a maximum running time of 15
minutes. The negative control (an empty arena) was found to have a significeuetty |
retention time than all treatments containing leaf matgtiale 12s)Fas,159= 15.55, P <

0.001). Betweentreatments containing a le@ifere was no distinction between a leaf alone, a
previously infested leaf or nepetalactone presented alongside tijeide&). The only
treatment showing a greater retention time than the leaf alone was a pseajudinfested

leaf with nepetalactone

In the second set of retention time assays the maximum permitted time wasedd® 20
minutes.A significant difference was observed between treatmenjsdF

=21.42, P <0.001As with Set 1, thenegative controshows a significantly lower retention
time than all other treatmentsig. 4). Retention time for a high concentration of
nepetalactone (10 mg/ml) alongside a leaf resulted in a retention time equal talteat of

systemically damaged plant leaf alongsiépetalactone. A leaf containiaghid+elated
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cuesalongside nepetalactone led the wasgperd more than three times as loimgthe area
thanonthe leaf with a high concentration of nepetalactone or a systemically damaged leaf
and a more than stkmes longer than the negative control. This value was comparaltie to t
previously infested leaf alongside nepetalactwhe&h, as with set 1, led to the parasitoid
being retained in the area for the longest period of time, significantly lamyeatl

treatments except that containing aphedated cues with nepetalactone

Motivation assay

The motivation assay was conducted to determine behavioural changes induced brseexpos
to nepetalactone aft successful oviposition experience. It was found that ilegrn
experience with nepetalactone led to a decreased velocity (H = 7.32, P =(0d10&)2)

Naive parasitoidéthose without oviposition experience) exposed to a high concentration of
nepetalactone showed both a decrease in velocity (H = 11.78, P = 0.001) and an increase in
the mean turn angle during movement (H = 12.78, P < 0.001). A trend was observed that
meander varietvith treatment in a fashion concurrent to that seen for increasing turn angle
and decreased velocity. The greatest dispaitgenn a comparison of treatments with the
high concentration of nepetalactone leading to meander of more than twice the6&3ue

+ 113.75) of thestimulusfreecontrol (-294.28 + 72.15) however with the sample variance no
significant difference was observed between thiesgmentsi = 5.19, P = 0.023, not

significantfollowing Bonferroni correction).

Discussion

Electroantennography confirmed that the aphid sex pheromone components were both

sufficient to elicit a responsge A. colemani. This was expeied asan electrophysiological
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response has previously been shown to be detectaphigius rhopal osiphi, Aphidius ervi,
Aphidius matricariae, Diaeretiella rapae, Praon volucre (Wadhamset al., 1999)and

Aphidius gifuensis (Donget al., 2008§. Its effecton parasitoid behavio@sa kairomone is
established foa range of parasitoid species (for more details see Powell & Pickett, 2003).
Although both nepetalactol and nepetalactone are sufficient in eliciting an
electrophysiological response, it is nepetalactone to which a response was seaeat a |
concentration, which may offer a greater opportunity to exploit parasitoidibehdn

exploring the potential use for nepetalactone in the field it has to be reedghat it may

not be a simple case of attracting natural enemies to an area. It has alreadydzbt#ranot
differencedn behavioural response to nepetalactone may exist depending on the extent to
which the parasitoid is a specialist or a generalist (Glinvabatl, 1998;Wadhamset al.,

1999). Previous work has suggested that generalists may have a higher threshold for the
pheromone, our work supports these findings but takes a wider view in recognising that
relatedhost and plant cues may be important for the insect to reach, what is estardg a
threshold relating to one compound, but ratherreliability of the signahs a whole. The
subtle behavioural changes seen in this series of experiments (increasezhretiered
foraging patterns) may also explain why the applicatiorepetalactone in field can reduce
aphid populationand alter spatial dynamics but is not consistently observed to attract wasps

into the area (Powedt al., 2004).

Although nepetalactone alone was not found to increase the retention time of iteigara
a synergy was found to exist when presented with a previously infested leaf orphiten a
related cuesre presented alongside the pheromone. Reliald#itgetability thery (Vet &

Dicke, 1992) recognes the tradeff that existan a natural envinoment with reliability and

detectability. It is implicit in this theory that for the foragimglividual a hostelated signal
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of lesser detectability will provide greater reliability in the presenceabtibst.n a

multitrophic context, a plant may befit from advertising to parasitoids the presence of a
pest feeding on it (van Loaat al., 2000; Hoballah & Turlings, 2001). This broadcasting of
the signal is in contrast to pest species where selection pressures dkistféo remain
discreetand avad predation or parasitism. As a consequence ofdhid their greater

biomass, plant odours are often more frequently available within the environment and may
initially be utilized by the parasitoid to locate the habitat of the aphid, however, once the
habitat is located parasitoids may require more-Bpstific cues to encourage search of that
area. These changes in foraging behaviour are ultimately linked to thesapitm of the
foraging strategy employed by the parasitoid. By evaluating the cuesadaed with host
presence, the parasitoid is able to reduce the energy expenditure involved in laaating n
sources of host3his study supports this hypothesis by demonstrating that more directly
hostrelated cues are necessary to increase the retafitibe natural enemy. Reception of

the pheromones provides accurate temporal information regarding the presence df the hos
converselyaphid+elated cus provideexact spatial evidengeertaining to théocation of

hosts but may not provide evidence of when it was occupied. Whether or not this is the
evolutionary rationale for such a response, the combinatsuffisient to cause substantial
increase in the retention time Afcolemani. This may also be indicative of the natural

enemy having a prefence for the multimodal reception of host ci#ile a difference is
recogrized between the control and any treatment involving leaves, this may not entirely be a
consequence ofolatilesaswe recogize that the visual cue may also have affected the
retention of the wasplhe onleaf retention assay outlineday be considered a new and
simple method of evaluatythe retention time of insects with the caveat that visual stimuli

also form part of this response.
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It has previously been found with the hymenopteran paras$tsaigtieucoila bochei that
following a host encounter the female wasp will continue searching§onwutesbefore
reverting to a general foraging pattétmick et al., 1979).This time is also similar to that

used in tracking studies tfe more closely relate®phidius uzbekistanicus (Micha & Wyss,
1996). The temporal scale for these changes is also an important consideration feasy®ur as
It was following this timescale that we chose an 8 minute recording for the motiaatays.
Work by Hasselland Southwood (1978has shownhatinvertebratedoraging behaviour at a
local scalas characteared primarily by a decreased rate of movement (orthokinesis) but an
increased rate of turning (klinotesis) It was found that this foragirgattern would cease if
the insect failed to find prey and it would revert to its previous pattern ohsegqutiassell

& May, 1974). In concurrence with these descriptions, it was foundititatemani velocity
was reducedbllowing successful ovipositioexperience with nepetalactodthough
orthokinesis was reduced this did not correspond to any significant increase in the
klinokinesis. It is speculated that with reduced error such a difference mapéan

observed as the values for meander (an indication of klinokinesis) are more than double that

seen for the control.

The description of behavioural changes provided by our study and that of older wsskl{Ha
and Southwood, 1978) can also be framed in the context of modern foraging theory which
frequently examinefragingin a larger spatial scale. Lévy flight foraging theory represents
an optimal method of foraging aeapects that selection pressure in a natural environment
will have led to a selection for behaviours which reflect this (Visweredt al., 2008). The
Lévy flights described in the theory are ostensibly random but distinct pericstropic
movements originally described by Benoit Mandelbrot (1983). These Lévy flighteaught

to occur during periods in which the foraging@amgm has little reliable information
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regarding the desired resource (in our case the aphid host) and will allowotb&miéntly
explore a greater range of patches. These flights are interspersed by ddocaging in a
Brownian motion. In these terms we hypotheshat the initiation of Brownian motion from
a Lévy flight pattern will be achieved through identifying signals relatiraghiost, signals of
greater reliability will elicit a more exaggerated or rapid transition to the Browndion.
This transition is characteed by increasing meander and a decrease in the total distance

moved in a given time.

It is speculated that this reintroduction of nepetalactone was sufficientit@dbecaging
response in the parasitoid which it associated with successful location of thEhst.
behaviour is also compliant with the optimal foraging theorg will potentially reduce the
time spent by the parasitoid foraging for another host habitat. It is notddelstimulus
used waghe aphid sex pheromone, to which it is shown in this papmiemani has an
innate response. In this context it is feasible that the choice of odour weagaintshnd may
simply be a demonstration of classic or ‘Pavlovian’ conditionimglassicakconditioning a
stimulus elicitsbehavioural or physiological change as an unrelated stimulus is linked to a
recogrized stimulus, in this series of experiments this is shown not to be the case as
nepetalactone is also active in alterfgolemani behavioural patterns when presented in
isolation.Results from the analysis of retention and for movement pattefsdemani are
not only concurrent with searching patterns previously described (Hadgaly, 1974;
Hassell& Southwood, 1978) but also support hypothesesqs®eg in reliabilitydetectability
theory, optimal foraging theory and models of host locattoom these experiments we
provide evidence that transition in foraging behavious charactered by redued
orthokinesis (to ensutbe wasp does not leave the habitat) iacdeasd klinokinesis (to

increase the probability of encountering the host in the environment). The initiatloa of
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change in foraging strategy is likely to be linked to the reliability of the stimuli that it
receives. During the habitkbcation a parasitoid will be reliant on cues of greater
detectability but as it approaches the habitat it will also begin to receive moreeksoneli
which provide greater reliability of host presen©ace in this foraging mode the wasp will
be re¢ained for a greater time period, increasindggige-up time’ (Croze 1970) to reduce

energy expenditure on repeating the initial habitat location stage.

This work specifically focussed on the behaviour response of the féptatius colemani,
primarily because of their importance in biological control. However it is recognizedrtha
interesting question is left unansweddhow the male parasids respond to this odour;
although aphids are not a host for maleolemani it may still be possible that they exploit
the sex pheromone as a kairomaodancrease thékelihood of encounterinfemaleslt has
been observeRsyttalia concolor Braconid males will readily exploit the host pheromones to
raise their chances of encountering receptive fenfBleselliet al., 2014). An interesting
avenue for future work would be to examithe same behaviours in malphidiinae

parasitoids where we might expect a similar foraging pattern to be observed.

In conclusionfor the first timewe have identified thelectrophysiological response of the
aphid parasitoid\. colemani to the aphid sex pheromon@sS 7S 7aR)-nepetalactone and

(1R 4857S7aR)-nepetalactolWe also identifiedhata synergy exists with nepetalactone and
other host cues causing an increased retention of the pardsitolémani in an area. The
behavioural patterns @f. colemani were also shown to be altered by learning or through the
presence of nepetalactone, changes which are thought to reflect a transitiopapasieid

from general habitat searthspecifichost searching.
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Figure 1. Motivation assay arema9 cm diameter Petri dish forms the upper area of the
arena which is rested on a 3 cm diameter Petri(disi©dour moves passively into the arena
through the 2 x 2 cm gauze-covered operfi)gAphidius colemani are introduced via the

0.5 cm circular opning which accommodates a small insect storag€3)alrhe smaller

Petri dish is use() to contain the treatmenthile preventing th@arasitoidfrom contacing

the sourceA glass covering is placed over the apparatus to prevent escape of the insects

while allowing recording.

Figure 2. Electroantennogram respons@yfidius colemani to nepetalactone and
nepetalactol. All responses are stantadito the baseline hexane response shown as 100%.
Five independent replicates were completed with eadhidudl compared to the full

complement of treatments. *P < 0.05, **P < 0.001 when compared to the baseline.

Figure 3. Onleaf retention time Set 1. Differences in the retention time of the parasitoid
Aphidius colemani within the arena for Set 1 where treatments are Nothing = empty arena, Lf
+ n = nepetalactone alongside an intact leaf, Lf = leaf, Prev. Inf.dréviously infested leaf,
Prev. Inf. Lf + n = previously infested leaf with nepetalactone. Those not sladetigr are
significantly differen (Fs,150= 15.55, P < 0.001) hirty-five replicates were completed for

each treatment.

Figure 4. Onleaf retention time Set 2. Differences in the retention time of the parasitoid
Aphidius colemani within the arena for S&where treatments are Nothirgempty arena, Lf
+ N = 10 mg/ml nepetalactone alongside an intact leaf, Syst. + n = nepetalactos&lalong

systemically damaged leaf, ARC + n = aphathted cues on leaf with nepetalactone, Prev.
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Inf. Lf + n = previously infeste®rassica rapa leaf with nepetalactone. Those not sharing a
letter are significantly different ¢feo= 21.42, P < 0.001) hirty-five replicates were

repeated for each treatment.

Table 1 Treatment sets used in motivation assay. Treatments in the arena wertegdresen

from a ctamber below, odours passively entered the arena but contact with the parasitoid was
prevented by gauze. Nepetalactone was administered on filter paper anchtgsed! leaf
describes &8rassica rapa leaf with 10Myzus persicae feeding. N represents the number of

independent replicates completed for each treatment.

Pretreatment Treatment in arena N
None None 18
None 1 ng of nepetalactone 18
None Aphid-infested leaf 17
None 10 ng of nepetalactone 18
Oviposition experience None 18
Oviposition experience 1 ng of nepetalactone 17
with 1 ng of
nepetalactone

Table2. Movement patterns of femafghidius colemani recorded for 8 minutes using a
series of treatments. All parasitoids had no previous encounter with the host-plptedcom
the sex pheromone nepetalactone prior to the bioassaireBteents were those

administered directly before commencing the assay while treatmentsaretteewere
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presented from below with the wasp unable to contact them. *P < 0.05 whearedrtgpthe

control of no prereatment and no treatment in arena

Treatment in Meander
Velocity Mean Turn angle
Pretreatment arena (Degrees per
(cm/s)x SE + SE
cm)+ SE
None None 0.33+0.034| 49.20 + 4.55 -294.28+
72.15
None Nepetalactone (] 0.32 £ 0.039| 59.3 £ 8.94 -351.29+
ng) 121.21
None Aphid-infested | 0.28 £ 0.054| 47.57 + 8.56 -283.86+
leaf 89.24
None Nepetalactone | 0.20 £ 0.08* | 86.18* + 7.75 -653.9 +
(10 ng) 113.75
Oviposition None 0.28 £0.042| 63.08 + 9.57 -535.1 +
experience 154.99
Oviposition Nepetalactone | 0.17+ 72.35+11.88 -629.42 +
experience with 1 (1 ng) 0.043* 156.56

ng of

nepetalactone




