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Summary

Herbivore induced plant defenses have been mudasiigated in single plant-insect
systems. However in field conditions it is fairlyvays the case that plants will be attacked by
several herbivore species simultaneously or in esgion. When two herbivores are
confronted, the most common result of their intBoacis reported to be competition, but
more recent -molecular- studies have shown thanwhe herbivores belong to contrasting
feeding guilds (e.g. leaf chewers and sap suck#rsy, might positively affect each other’s
development. Specifically, going to the close tleéioal framework of my studyPieris
brassicaecaterpillars have been shown to have significanttyeased performance on brussel
sprout plants that have been previously infesteth \@aphids. The main objective of this
research was to study if host plant preferenceubsgrjiles and adults &. brassicaecould be
correlated with the increased performance achiemedolants previously infested by the
cabbage aphidrevicoryne brassicaeln other words, | explored if also the behavidr o
caterpillars and butterfliesf P. brassicaas influenced by aphid-induced changes in the host
plant. | tested the feeding preference of neonidde first instar (L1) and third instar (L3)
caterpillars in dual choice assays by offering thieaves from aphid infested plants and
undamaged (control) plants. Overall, | found thailevthe naive neonates strongly preferred
leaves from plants that had been infested withdgphil preference was directly correlated to
the plants on which they had emerged and obtaihed tnitial feeding experience. L3
caterpillars did not exhibit any preference for idpinfested or control plants, although they
tend to prefer the control plants. Regarding leafaaten, all instars fed on a similar amount
of leaf tissue from both treatments. Remarkablyultatbutterflies did not significantly
discriminated between plants with and without aphiclthough there is a —strong- trend in
preference for aphid infested plants.
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Introduction

The choice of host plant made by ovipositing indemrbivores can greatly affect the
performance of their offspring. This is especidtlye for the larvae of most homometabolous
herbivore species, including Lepidoptera, as thayeha low dispersal capacity in the early
larval instars (Zalucki et al. 2002; SchoonhovemleR005). Hence the nutritional quality of
the plant that selected by their mother is of patér importance. The general preference-
performance hypothesis (Jaenike 1978) predictsfémales will prefer to oviposit on host
plants of high nutritional quality that will maxiaze the fithess of their offspring in that they
will grow larger and faster with increased survigislayhew 1997). There is much evidence
that gravid females are able to select the bedt last for offspring performance (Singer
1988; Barros & Zucoloto 1999; Bonebrake et al. 2(Mphosi & Foster 2010; Wennstrom et
al. 2010), but the correlation between performasce preference is not always clear. For
instance, some studies have shown that femalesoa@asionally prefer to deposit eggs on
plants that are nutritionally suboptimal for thdspfing (Thompson 1988; Ohsaki & Sato
1994). However in many of those cases the influericgther ecological factors override the
differences in suitability, such as that nutritibtp@uboptimal plants may be less attractive to
predators and parasitoids (Stamp 2001, Bjoérkmaal.e1997; Sadek et al. 2010), hereby
providing an enemy free space for the developmétiie offspring of the insect herbivore.
By selecting such plants females reduce the rigkr@dation or parasitism of the juveniles, in
so increasing their chances of survival comparethér survival on nutritionally optimal
plants that are highly attractive to carnivores.

Comparatively much less is known about larval ceeisince the mother is expected
to choose for them, and research has thus largelyséd on the maternal choices. However
there still a lot that is known regarding learnimglepidopterous larvae for different plant
species, such as the induction of feeding prefe®iidermy et al. 1968; Schoonhoven 1967,
Ting et al. 2002Pszczolkowski & Brown 2005; Renwick & Kimberly 2008 food aversion
learning (Dethier 1980; Portillo et al. 1996), altigh the mechanisms have yet to be
elucidated Bernays & Weiss 1996). Feeding preference coulthtbeced on plants that the
insect would not normally choose to feed on, ardstinength of the induction is higher when
two species of different taxonomic groups are mhi(Boer & Hanson 1984). Innate
preference of freshly hatched larvae remains paitgied and usually tested the larvae with
a host versus a non host plant or an acceptabldostinSaxena & Schoonhoven 1982; Boer
& Hanson 1984). Innate preference may be lessefugince it is expected that young larvae
would not choose a plant as it is their mother Wwhselects it for them. Learning has been
investigated primarily using different plant spegigncluding many which are not host plants
for the studied herbivore, so these represent mdifferences that are likely easy to
distinguish by the larvae. One study which did stigate larval preference on several
different species of brassicaceous plants did imot ény evidence of learning, and this was
though to be due to the high similarity of the péam terms of phytochemical profile (Chew
1980). However larval behavior (both induced andate) on plants within a same plant
species, and more particularly with plants thatehawherbivorous competitor, on board seem
to have been so far essentially unexplored antiraited to a single-species context.

There is ample knowledge available on the ecolbgaspects of the interactions
between a single plant and herbivore species (Bald¥98; Schoonhoven et al. 2005).
Herbivore performance and behavior can be gredfigcted by the series of defense
mechanisms induced in their host plant after attadiese can directly affect herbivores



through modifications of the plant’s chemical cormsiion, such as the production of
antifeedants or phytotoxins which are toxic for tierbivores and also for the third trophic
level (Walling 2000; Schoonhoven et al. 2005). Efiects triggered in the plant affect not
only the herbivore and its conspecificBénno et al1995), but also other herbivore species.
Indirections interactions can be between herbivoleg can also connect species from
different trophic levels (plants, herbivores andnoares) such as by the production of
volatiles that will act as host location cues fargsitoids and predators (Turlingsal 1990;
Dicke 1999; Dicke et al. 2003; Heil & Ton 2008). hiature it is more often the case that a
plant will be attacked by several herbivores siamdiously or in succession (Vos et al. 2001).
While the individual interactions of each multipluc relation are well characterized
nowadays, each single interaction may strongly fodiher plant-herbivore-parasitoid
interactions when they are combined on the samet fldasters & Brown 1992Stout et
al.1998; Inbar et al 1999; Rodriguez-Saona et @052 Dicke et al. 2009). In indirect
interactions between two insects of the same tmlaviel, strong negative interactions often
occur. Indeed, Kaplan & Denno (2007) found that 880the studied interactions result in
competition. In addition they found that contramythe theoretical predictions for interspecific
competition, these interactions also occurred éxetween distantly related insect taxa, and
also at low population densities.

Yet plants can react differently depending on tkeding guild of the attacking
herbivore. It has been shown that phloem suckisgats, like aphids, will primarily induce
the Salicylic Acid (SA) dependent defenses whil¢ha case of chewing/biting insects such
as caterpillars, it is generally the Jasmonic Adil) dependent defenses which are activated
(Walling 2000). The SA and JA pathways play a cdntole in mediating plant defenses,
however numerous studies have shown that thesesigyaling pathways can affect each
other negatively, as mounting evidence indicatest the induction of the SA pathway
strongly interferes with the JA dependent respomsekvice versalhaler et al. 2002; Traw
et al. 2003; Beckers & Spoel 2006; Spoel et al.72(arate et al. 2007; Koornneef et al.
2008; Pieterse et al. 2009). Consequently crogsketween the signaling pathways could
imply a conflict in plant defenses as an inseabrwéd feeding guild could mitigate the induced
responses of the plant in reaction to the subsécatteck of an insect of another feeding
guild.

In view of this, it is note worthy that most of tipgevious studies involving two
herbivores usually investigated the interactionsvben insects of the same feeding guild. A
study with the specialized insed®teris brassicada leaf chewer) anBrevicoryne brassicae
(a phloem sucker) have shown that the attack bjit$tespecies benefit the second attacker in
terms of performance. This was especially trueHdirassicaelarvae, whose performance
strongly benefited from the previous infestatiorttté plant by the aphid species (Soler et al.
2010). Similar studies dealing with different modgktems have also started to explore and
better characterize the interactions in inter-gusiduations (Kessler & Baldwin 2004;
Rodriguez-Saona et al. 2005, Zhang et al. 2009).



Research aims and questions

The main objective of this research was to discalvéine presence oBrevicoryne
brassicae aphids onBrassica oleraceaplants can affect the plant preference Roéris
brassicadarvae and adultdMore specifically, this research attempts to amswve following
guestions:

1) Do plants previously infested with aphids influenbe feeding preference of the
relatively immobile first instar larvae dPieris brassica@ First instar are newly
hatched naive neonates, as well as older (12-Lishérst instar that have feeding
experience.

2) Do plants previously infested with aphids influertbe feeding preference of the
highly mobile third instar larvae éfieris brassica@

3) Do plants previously infected with plants affece taviposition preference of adult
femalePieris brassica@

It is hypothesized that pre-infestationBbleracerawith a phloem feeding herbivore
would influence the feeding and oviposition behawba successively attacking leaf chewing
herbivore due to changes induced in the plant byitkt attacker. Consequently it is expected
that the leaf chewer will prefer the previouslyastied plants over the control plants. Although
the highly immobile first instars may not make aicle, it is expected that the highly mobile
third instar caterpillars would select the mostahle plant, as this is the stage at which they
actively disperse in search of other food souréehilt female butterflies were expected to
exhibit a significant preference for aphid-infestadnts, as oviposition site selection is an
important decision in their life cycle.



Materials and methods

For these experiments 6 week old plantBadssica oleraceravar gemmiferawere
used. This age of plants was used because thdulgreleveloped to hold herbivory but are
still at a stage of development where they wouldabke to ‘invest’ in their defenses. Two
specialist herbivores were used; the cabbage aBhadicoryne brassicagHomoptera:
Aphididae) and the large cabbage white butteRlgris brassicag(Lepidoptera: Peridae).
These two species were used because their ecodmgyden well studied, and moreover it has
recently been discovered that sequential attacksth@ge herbivores will affect their
performance and that of their respective parastoithe second attacker will have improved
development on plants attacked by the first hengivo

Treatments

Three different larval ages were studied. Theseeweive neonate caterpillars (which
have no feeding experience prior to the experimdft)nstar (L1) caterpillars (with feeding
experience on one of the plant treatments), and thstar (L3) caterpillars. For the purpose
of clarity, neonates and™instar will jointly be referred to as L1 throughdhis section. To
compare the preference of caterpillarfobrassicae they were offered leaf discs sampled
from undamaged control plants and plants which leeh infested with aphids. To compare
the preference of butterflies Bf brassicaegach female was offered two intact plants each of
clean control plants and plants which had beerstatewith aphids.

Insect rearing

P.Brassicaeand B.brassicaewere maintained in colonies on brussel sprout plant
First instar aphid nymphs were obtained by pla@dglt females on 8.oleraceraplant 24
hours before the nymphs were needed, as aphidgreidluce 1-5 nymphs per day. Young
adult femaleP.Brassicaewere obtained by collecting pupae from the breediages and
placing them in an incubator set at 25°C. The nundbbelays spent in the incubator varied
according to the day at which the butterflies weeeded. First instar (LB.brassicaewere
obtained from the breeding colony by taking fredtyched caterpillars (12-14 hours old) off
the plants. Neonate L1 were obtained by removimgntlirom the plant within one or two
hours of hatching, so that they would not have ttmeat leaf material. Third (L3) instars
were obtained by rearing L1 caterpillars on a kelsprout plant for 5 to 7 days at 21°C.

Pre infestation of plants

The plants were placed in a climate cell set to:8BLfor lighting, at 21°C with 75%
relative humidity. A high relative humidity was «em in order to counteract the drying effect
of the strong ventilation in the ceBrassica oleraceglants were preinfested 6 days before
the start of the choice test by placing 15 firstsecond instar nympB.brassicaeon the
youngest fully developed leaf of the plant. Theetits were contained to the leaf by using clip
cages, and the weight of the clip cage was suppdnge2 wooden stakes (figure 1). The new
leaves which had grown out during the inductioniquemwere used for the assays, as they
were expected to have been systemically inducedk@e and Spoel, 2006).



Figure 1: Pre infestation of the plants using clip cagesaiata@in the aphids.

Feeding preference

The feeding preference of different instars of
P.brassicaecaterpillars was studied in a dual choice assay.
94mm diamter petri dishes were used for the L1, &tsinm
for the L3 caterpillars, and a thin layer of agdg/( for the
L1, 7g/L for L3) was poured into the dishes anadwaéd to
cool. Moist filter paper was placed on top. Hardgar was
used for the L1 in order to avoid excess moistueadp
transferred to the filter paper, which rendered emognt
difficult for the young caterpillars. In each distdmm
diamterB.oleraceraleaf discs were place adaxial side facing
up (figure 2). Leaf discs were sampled from the ngmst
fully developed leaves from each plant. The callensi had Figure 2: dual choice bio-assay with
to choose between a leaf disc from a control peuat a leaf first instar caterpillars
disc from plants preinfested Bybrassicae

To test the feeding preference Bf brassicaecaterpillars, a single larvae was placed
in each dish (figure 2). Two different instars ased as they have different behavior. In the
case of L1, the costs of moving to another plaatgreater than those of staying on the same
plant, due to their vulnerability to enemies and lmobility. For caterpillars L3 and older,
which are very voracious instars, the risks arendnigf they stay on a suboptimal plant, as
poor food quality will compromise the rest of theievelopment, leading to longer egg to
pupation times as well as decreased pupal weigbis(& al, 2008). Therefore we can expect
that the L1 larvae will not show a clear preferefareone leaf disc over another, while we
would expect L3 to actively select the most sugdbhf.

For both instars the first choice, the time spémtagh leaf and percentage of eaten leaf
area were recorded. The percentage of consumediggaivas measured by photocopying the
leaf discs on a sheet of paper and the copy wamedato the computer in PDF format at
600dpi resolution. The PDF files were then conwetie JPEG and finally the program
ImageJ was used to make the measurements. Theedifiestars were observed for varying
durations. The L1 caterpillars were monitored fatays in order to have sufficient consumed



leaf area for analysis, and the L3 caterpillarseaonitored between 1.5 and 6.5 hours. The
L1 assays were monitored continuously during thst fivo hours following the beginning of
the experiment, and then at 30 minute intervald tim majority of the larvae had made a
choice. They were then monitored daily every 2 baumtil the end of the experiment. L3
were monitored continuously.

Oviposition preference

Choice assays were also used to study the ovipositehavior ofP.brassicae
butterflies. Two plants of each treatment (contretbivore free plants and plants preinfested
with B.brassicaenymphs) were placed inside 10 to 12 mesh cagesume@s/5x75x115cm
(BugDorm-2400 Insect rearing cage)(figure 3). Then{s were placed as to not touch each
other nor the sides of the cage, and all labelschpdcages were removed (figure 3). A 20%
honey solution was offered to the butterflies food. One 2 day old female that was assumed
to be mated and two makRebrassicaewere released in each cage. The males were added t
insure mating if it had not occurred previously.the period after emergence and prior to
release in the cages the female butterflies weyepgd in a mesh cage with a male to female
ration of 2:1, with the extra males being collecterin the breeding colony. A 20% honey
solution was supplied for feeding. The cage was thiaced in an area receiving natural
sunlight in order to promote mating behavior, astrang decrease in mating was observed
when the cage was left under artificial light.

The plants were checked for eggs twice a dayterfeorning and late afternoon, for a
total of 5 days. Butterfly host preference was meas by noting the plant chosen for the
oviposition of the first clutch. Additional preferee indicators that were measured were the
total number of clutches per plant, the numberggfseper clutch as well as the distribution of
the cluches on the control and treated plants theeduration of the experiment

Control
Aphids

Control Aphids

Figure 3: experimental set up of the buttefly duathoice experiments.

Statistics

The statistics program Genstat was used for all datlysis. As there were several
replicates for each larval instar (Neonate, L1 &3) and for adult preference, it was
necessary to known if the replicates could be mbdlased on the first choice and then
analyzed together. To do this, all replicates ofhegroup were tested together using a
Generalized Linear Model with Binomial distributicand logit link function. The least



significant difference (LSD) was calculated usirge tstandard error of the differences.
Results showed that all data for each group coelgdoled together for subsequent analysis.

For the first choice preference of larvae andltaBbrassicag a binomial test was
used to determine if their plant choice was sigaitfitly different from a non-choice situation
(p=0=0.5, two tailed, =0.05). A binomial test was used as the selectfgriamt was noted as
‘1’ for chosen and ‘0’ for non chosen, and the h&sg data set was of binomial distribution.
Eaten leaf area, as well as the number of eggsaaaidamount of clutches were first analyzed
by an Analysis of Variance, and the normality, ipeledence and homogeneity of variance
were checked by inspection of the residuals aftedehfitting. It was found that the data for
the number of eggs and number of clutches folloRedssons distribution in that the data
points formed clusters. Eaten leaf area for nesnatel L1 was analyzed by an Analysis of
Variance. Eaten leaf area for L3, the effect obpaphid infestation on the number of eggs in
the first clutch and the total number of clutchesswested by using a Generalized Linear
Model (with poisson distribution and a logarithmKifunction).

Significant differences are indicated in the grapyshe following : =0.05; *: P 0.05; **:
P 0.01; ***: P 0.001



The relevance of pilot experiments

The pilot experiments had three main aims. Firgilgts allow to check the experimental
setup with regards to its effects on insect behawdpecifically onP.brassicaecaterpillar
behavior. Petri dish assays are a very simplifiedrenment, and we did not known how the
caterpillars would respond to such an environm&he chosen set up is a very common
method of investigating larval preference (Portdibal. 1996) | wanted to answer several
important questions through these pilot tests.

1. Do Pieris brassicaeaterpillars (both Land & instars) survive in such a an enclosed
set up?

2. If they do, can they exhibit normal behavior sustthoosing a leaf disc to feed on?

3. How long should the experiment run for each indtawy long do they survive?

4. What sort of measurements are relevant to examefenence?

To determine if they displayed ‘normal’ behaviazail discs of very different nutritional
quality were used. Caterpillars were confrontedchmose between old -but suitable for
feeding- leaves and young, tender, leaves of tineeshost plant species. The nutritional
guality of leafs changes with age; water and nérogontent decrease and leaf toughness and
fiber content increase as the leaf ages. Nitrogeman important nutrient for caterpillar
development, and it has been show for several dgpgalan species that their performance is
significantly better on the young leaves (DammarB8719Loader & Damman 1991,
Bittencourt-Rodrigues & Zucoloto 2005). Specifigalyoung instar larvae d?. brassicaalo
feed on the young leaves of the plant, and onlgrlatages closer to puapation are found
relatively more often in the lower/older plant leav Knowing thaP.brassicaecaterpillars
would prefer to feed on the young leaves compavenld leaves, overall | expected that the
caterpillars would prefer to feed from the leafcdiscoming from young leaves. | also
expected a relatively clear preference from thelthistar larvae caterpillars, because of their
high mobility and because at this stage the lawnfathis species start to show more of a
solitary behavior. On the contrary, | expected ttie first instar caterpillars would not
discriminate between young and old leaves, becalieeir comparatively reduced mobility
and because the ‘mother’ makes the plant choicewmiuare, and not the emerged juveniles
(Schoonhoven et al. 2005).

The pilots also helped me to determine what sodaté | needed to collect in the real
experiments in order to determine larval choicguife 4). Noting first and final choice was
important, and as L3 traveled frequently betweetg]jithe duration spent at each disc could
also be recorded. Recording the time of the fir& tvas not possible for different reasons,
neither for the L1 or for the L3 stages since L8imanediately upon reaching a disc and L1
are too small for it to be easily noticeable. HoareV thought it could be interesting to
measure how much leaf area they consume from eatlybpe, since the suitability of the leaf
could also affect the amount of feeding.
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In order to be able to make measurements of tHieatea eaten, | had to know how long
to leave the caterpillars in the dishes, so that@pmately 30% of the leaf discs were eaten
in the case of the L3. This proportion was chosenotider to facilitate the leaf area
measurements. The caterpillars should be able ommsenough for any differences in
consumption to become visible, yet the general stwdghe leaf disc should remain. This is
due to the fact that the ImageJ program that wad asuld not make accurate measurements
if the original leaf size and shape were not knoWwne pilot test showed that it only took
approximately 3 hours for the caterpillars to caneuthe required amount, which was the
point at which the experiment was stopped, and dhisation was then used for the real
experiments. For the L1 caterpillars, the experinte to run significantly longer since they
eat very little. In order to have 4-5% eaten le&faa it was necessary to let them eat for 3
days.

Moreover, the pilots were important as they allowad to make modifications that
improved the reliability of the assays. Originaityesh petri dish lids were chosen as they
would allow good air flow and avoid an accumulatafrplant volatiles in the dish. However
it was quickly clear for me that this caused thaf ldiscs to rapidly dry out and become
unsuitable for caterpillar foraging. On the othandi, using solid petri dish lids caused the
opposite problem, in that there was excessive awat®n build up on the lid and leaf discs.
This would make movement difficult, particularlyrfthe ' instar caterpillars. To eliminate
the condensation, | experimented with differentragancentrations. The original 7gr/L could



be used for the L3 assays, as the duration ofxperament was not enough time for there to
be a significant moisture buildup in the disheseAkeveral other tests, | chose to use 8gr/L
agar for the L1 assays because it provided theldadahce between condensation buildup and
leaf turgescence. With less agar there was too roactiensation and the filter paper was too
wet, and with more agar the leaf discs would dryklmiore the end of the 3 days.

Finally, once optimized, the pilots could serveaggositive control to which the real
experiments could be compared. When older larv&g lilad to make a choice,(Figure 4b) a
strong difference could be noted between theit eaf choice and their leaf choice at the end
of the experiment. When first placed in the disbbof the caterpillars respectively went to
the old leaf or the young leaf (P=1, one sampleomiial test). Throughout the assay, an
increasing amount of caterpillars migrated perm#péa the young leaves. By the end of the
3 hour assay 100% of the L3 had chosen the yowigllec (P=0.002). This suggest that the
first choice is not representative of their feedampice, and other measurements such as leaf
area eaten need to be considered to determinerédiergnce of the caterpillars. On the
contrary, in the case of the L1 (Figure 4a) no i§icgnt difference (P=0.12) could be seen in
their choice of food, although they tended to préfie old leaves. However, unlike the L3,
L1 caterpillars remained on the leaf disc theyiallit selected at the start of the experiment,
showing that first choice may be a reliable measerd of larval preference. This is
intuitively correct, considering that L1 caterpifado not have much fat body and energy to
spend moving within the dish.

Bringing all together the results of my pilot exipeent, it seem that choosing between
two leaf qualities is a big decision for the old=terpillars, meaning that is it possible for
them to distinguish the difference between the lwab qualities. This pilot indicates that the
L3 appear capable of making feeding choices, tbezat can be expected that in the actual
experiments they would behave the same if the edfifégaves were significantly different. L1
did not make a clear choice which is in line witle thypothesis that they are too small and
weak to be able to actively chose the more suitldaé disc. However, as they do show a
tendency to prefer one leaf over the other, the#fgvence will be evaluated. Based on these
pilots experiments | have decided to record theiainichoice as well as monitor the
caterpillars over the hours to see how their pesfee may evolve, and finally include
measurements of consumed leaf area.

During the pilot assays both species had beendiestee the original project was to
investigate the preference of bd®hbrassicaeand B.brassicage for both the immature and
adult stages. However, due to numerous problentstivi plants that were out of my control,
the delays incurred meant that it was no longesilida to follow through with the original
project. Based on the results of the pilots it wiesided thatP.brassicaewas the most
interesting and most promising insect to study. pilet tests conducted with the aphids
showed that adults had no preference, and prodaceelqual amount of nymphs on each
treatment. When nymphs were tested they chosedtegyand old leaves equally, however
the nymphs on the old leaves would leave the discdie, while the nymphs on the young
leaves continued feeding.
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Results

Prior infestation of the plants by aphids signifittg affected the feeding preference of
the naive neonate.brassicaecaterpillars (Figure 5)61.9% of neonates (P=0.014) and most
(about 65%) of the L1 reared on infested plantsO(@E8) preferred the leaves from the
previously aphid infested plants, and similarly ibuthe opposite direction most of the L1
larvae which had been reared on control plantsfgigntly preferred the leaves from control
plants (P=0.01). The L3 caterpillars’ feeding prefeee was not affected by prior aphid
herbivory (P=0.539).
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Figure 5: Percentage of first
choices of three difference larval
ages and adult femaldieris

brassicaethat chose the leaf disc
from uninfested control plants
(C, light green bars) or the leaf
disc from plants previously
infested  with  Brevicoryne

brassicaeaphids (T, dark green

bars).

Asterisks indicate significant
preference within tests
(**:P 0.01)

As previously observed in the pilots, first instaterpillars, both neonates and L1,
remain on their first chosen leaf disc the entineation of the experiment (figure 7). Less
stronger but similarly in the case of L3 larvaetlad time that they are actually on a leaf disc,
on average they spend 80% of that time on thetbaicthey initially chose as they frequently
leave the leaf disc to investigate or feed/tasteatiner disc for a few minutes (Figure 7). The
percentage of leaf area eaten from the control desfs and the discs from plants infested
with aphids is not significantly different for aoy the larval instars (figure 6).
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anll

B Aphid infested

(reared

)

(reared

Figure 6: Mean (£SE)
percentage of leaf area consumed
by Pieris brassicaecaterpillars
from uninfested control plants
(light green bars) and from plants
previously infested by
Brevicoryne brassicae aphids
(dark green bars)
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Figure 7: Percentage of the
time spent on the initially
chosen leaf disc byPieris
brassicaecaterpillars and adult
females. Individuals who first
chose the uninfested control
plants (a) = light green bars,
and those who first chose the
plant previously infested by
Brevicoryne brassicaeaphids
(b) = dark green bars.

Total time spent on discs is the
duration that caterpillars were
physically on a disc.

Adult female butterflies tended to prefer the ptamifested with aphids for initial
oviposition (figure 5), however the differences amg statistically significant. Furthermore,
no significant effect could be seen in the numifeeggs in the first clutch, (P=0.79) nor in
the average number of clutches (P=0.88) (figure 8).
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30
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Figure 8: Mean (+SE) number of eggs in the
first clutch (a) and mean (xSE) number of

bars)

clutches (b) deposited bRieris brassicae

females on control plants (light green bars)
and on plants
Brevicoryne brassicaeaphids (dark green

previously infested by
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Discussion

The results of this study show that phloem feedipgids can strongly influence the
feeding preference of *linstarP.brassicaecaterpillars. However the nature of this influence
strongly differed between naive L1 and L1 with fegdexperience. Naive neonate L1
caterpillars exhibited a clear innate preferenagepfants which had previously been infested
by aphids. Soler et al (2010a) previously repotted P.brassicagperformance is positively
affected by the prior feeding & brassicaeaphids on the same plant, in that the larvae would
grow larger and faster than those on uninfestedraoplants. Thus the results of the present
study strongly suggest that the neonate caterpiiave an innate sense of which plant is best
suited for their future development. It is intemegtthat naive neonates show an innate
preference for the plant on which they perform dreths in natural circumstances it seems
unlikely that they would be able of using this s move to another plant due to their low
mobility and lack of sufficient energy, as wellthg fact that it is the mother who selects the
plant for them. It is well accepted that behaviarabices by adult butterflies, especially in
oligophagous species, are carefully made by thealiesnas an evolutionary adaptation to
maximize the performance of their offspring (Sing888; Bonebrake et al. 2010; Gripenberg
et al. 2010).

Older L1 caterpillars displayed sharp differenaedeieding preference depending on
which plant they hatched and initially fed upaithen caterpillars whom were reared on
undamaged control plants had to make a feedingcehibiey were strongly attracted to the
leaf discs of control plants. In stark contrastegaillars that originated from plants infested
from aphids largely preferred to feed on the ledva® those plants. Consequently it appears
that these caterpillars make a feeding decisioedas their prior feeding experience, in that
they will select the leaf from the same plant tbeginally fed upon. The L1 which had been
reared on uninfested plants may have lost thealmigative response to control plants which
was observed in the naive neonates. Numerous sthdie® demonstrated that it is possible to
induce specific food preferences in lepidoptercusde, P.brassicaeincluded (Johansson
1951; Jermy et al. 1968; Ting et al. 2002szczolkowski & Brown 2005; Renwick &
Kimberly 2005), although the exact mechanisms aeknown (Bernays & Weiss 1996).
However these studies on feeding preference ingluajenerally induce larvae on widely
differing plant species, including non-host plafds that particular herbivore. No studies
seem to attempt to induce an insect species osréift phenotypes of a same host plant
species, as is the case here. So while it hasdyemmn that caterpillars can pick up on larger
inter species differences, from my results it at®@ms likely that they can differentiate
between the finer phenotypic differences as well.

Although first instar caterpillars stay on theitesged leaf disc throughout the duration
of the experiment, by observing their behavior wigithe choosing process it was evident that
they were actively selecting the disc to feed dme €aterpillars would navigate along a short
imaginary line from one disc to the other severaks without crawling far enough to make
physical contact with the leaf discs, and genenathyld only make a choice after this process
hesitating behavior. Once a choice was made, cbaespwould feed there for the entire
duration of the experiment. In the rare cases \aecaterpillar left its selected leaf, it would
always return to it. In contrast, the remainingised L1 caterpillars which were in an empty
petri dish remained largely immobile. This suggéktt the caterpillars assess the suitability
of the leaves mainly through olfactory cues and @aent themselves in relation to the odor
source, when they are close enough to the soupd@ds were not present on the leaf discs at
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time of the choice experiments, and during the tpdiefense induction period the aphids were
placed on a leaf below the sampled leaf, signifyiingt there is an induced change in the
chemical composition of the leaf that the catespdlican detect.

In the case of theBinstar larvae, the effects were less evidentat £3 larave did
not significantly discriminated between leaf didesm plants with and without aphids,
although it was expected that they would as theyaamuch more choosy instar. However,
the L3 did display a strong tendency to preferldaes coming from the control plants. As
these caterpillars were reared from birth on cleantrol plants, it is suspected that the
induced preference seen in the L1 may also be mprése¢he older instars. The experiments
showed that unlike L1 caterpillars, L3 tend to @xpland taste both leaf discs at least once
before choosing a disc that they would feed orafprolonged amount time. However, unlike
the pilot experiments where the caterpillars wdfered leaves of very different nutritional
quality, in this experiment they were presentechwéaves from similar age and general
physiological states from two highly suitable hpksints, with one being a ‘good’ food source
(the control plants) and the other being a ‘beti@od source (plants previously infested with
aphids), in terms of their effect on larvae perfante. Being larger, less fragile and more
voracious than the L1, the difference betweenwweeplants may be too negligible for the L3
to detect. Moreover, relatively small differencesfood quality can be expected to have a
large effect on the fitness of newly emerged cdtarp, but at an older age the differences
may have a milder direct affect.

While first instars could discriminate between tftered leaf discs, their preference
did not translate into a difference in the progmrtof consumed leaf area. L3 caterpillars also
did not eat more or less from one disc than therotii one leaf disc had been significantly
inferior to the other in terms of nutritional quglithe caterpillars could be expected to have
compensated for the lower quality by consuming nudréhe lower quality disc. This was not
the case, most likely because the offered discse wérsimilar suitability. Compensatory
feeding can not be completely ruled out, as theakarcan also optimize their utilization
efficiencies (Wheeler & Halpern 1999; Schoonhoveal €2005)

Female butterflies exhibited no statistically sfgraint preference for one plant over
the other, neither in their first choice of hosargl nor in the number of eggs in the first clutch
nor in the overall amount of clutches laid per timreent. However the butterflies did show a
tendency to deposit their first clutch on the pdainfested with aphids, in that close to 65% of
them chose those plants. Whetliebrassicaefemales can chose between the two plants
needs to be further investigated. While it is pagsthat the butterflies simply do not have a
preference for one or the other, this result map &le in part due to the small sample size,
with only 31 females having been tested. Furthplicgates should allow to confirm the trend
as a significant preference, or on the contrarycate that the butterflies truly did not prefer
one plant over the other. Selecting an appropt@igt plant is an important decision for
herbivores having offspring with low mobility. Gea#ly the “mother knows best”
assumption is correct (for a review see Gripenlatrgl. 2010), although the motivations for
their choice may be hard to identify at first. Whithe general preference-hypothesis
hypothesis is that female insects will chose thst lptant on which their offspring fare best,
the strength of preference-performance relatiorssbgn be modified by ecological factors.
Females may chose suboptimal host plants if thé hjigality plant is more attractive to
parasitoids and predatoR.brassicads generally known to be very choosy when selgcéin
host plant for oviposition, so a clear choice wggeeted in this study. Recently females have
been shown to strongly avoid plants with root fesdghich are shown to negatively affect
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caterpillar performance on the above ground plantsp(Soler et al. 2010b). No difference in
the total number of clutches deposited on eachheftivo treatments could be observed.
However Pieris are known to prefer plants with no eggs or condpgsc(Rothschild &
Schoonhoven 1977) in order to avoid inter-specdampetition and over attraction of
carnivores, so once the initially chosen plant te@shed a critical egg load, the females may
have continued to lay eggs on the other plantnreat which they originally deemed less
suitable. In order to determine preference viattit@ number of clutches, plants would have
had to be replaced as soon as oviposition had @xtur

WhetherP.brassicagemales can distinguish between clean plants tardginfested
with aphids needs to be further investigated. A feare replicates would need to be done in
order to confirm the observed trend. Extra replisare also important because 10 of the 31
tested females came from a replicate which recdmesi aphids per plant, and the plants had
one day less of pre induction. Butterflies fromsthéplicate had a weaker tendency to chose
the aphid infested plants.

Future studies could further investigate the iaraatd induced preferences observed in
the caterpillars. As the L3 caterpillars appearetend to prefer the control plant (which the
were reared on), the persistence through timeeointtiuced preference should be looked at in
more controlled experimental conditions. Neonatéerpélars could be induced on one
treatment or the other, and then their prefereastedl at each instar. In between assays the
caterpillars would be replaced on the plants orcivithey were initially induced. In this way
it may be possible to see if the significant indiggeference displayed by the L1 is still
present in the other instars up until pupation. W& atriking to me is that larval choice was
much studied in the 1960s and 1970s, and verg ligitent literature exists. From reading |
got the general impression that at the time it geserally expected that induction of feeding
preference could only be done with very differelainp species.

Further more, the mechanisms involved in choiceth®y neonates and caterpillars
could be explored. It was apparent in the assagsttie caterpillars were selecting a disc
without prior physical contact with it. It therebseems probable that the caterpillars may use
volatiles to detect the ‘best’ leaf. The implicatiof volatiles could be tested by placing
individual caterpillars in y-tube olfactometer osiailar set up. To the best of my knowledge
this has never been attempted
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Conclusion

This study established that prior feeding on atplgna phloem feeder will have an
effect on the behavior of a subsequently attackead chewer. However this effect is not
general and not aP. brassicadife stages are affected the same way.

Feeding preference varied strongly between thermdifft £'instar caterpillars tested. It
was very apparent that naive neonates have areigease of which plant is best for their
development as they preferred the plants previouggsted by aphids, and it has already
been shown that caterpillars have higher fithesshese plants. However in the case of the
older f' instar, the prior presence of aphids had an intlieéfect on their behavior, as the
plant which they preferred was dependent of whiantgthey had hatched on and eaten from.
When the % instar larvae were tested they displayed no gegfierence, choosing both leaf
discs equally. For both instars no difference ddag seen in the amount of eaten leaf area.

Adult females tended to chose the aphid infestadtplfor the deposition of the first

clutch, but the differences are not statisticalyngicant. Preference could not be deduced
from the number of eggs in their first clutch nothe overall number of clutches.
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