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NOTE

Subversion of alarm communication: Do plants
habituate aphids to their own alarm signals?

Anca S. Petrescu, Edward B. Mondor, and Bernard D. Roitberg

Abstract: When attacked by a predator, pea aphilsyrthosiphon pisumemit an alarm pheromoneE)-farnesene,

which causes nearby conspecifics to disperse from the area. However, herbivore-damaged plants ae3emit (
farnesene. We hypothesized that plants release farnesene to habituate aphids, i.e., to disrupt their alarm-pheromone re
sponses, perhaps to reduce herbivory by increasing parasitoid or predator efficacy. Thus, we addressed two questions:
(1) Do aphids habituate tdEf-B-farnesene, and (2) Are they habituated at levels produced by aphid-infested plants? On
an artificial diet devoid of farnesene, aphids were exposed to 10 RgiEifE)-B-farnesene or a hexane control over

24 h. Habituation was achieved, as dropping responses to 50 hofc(®)-B3-farnesene decreased after exposure. We

then exposed aphids to 0.8 ngfwf (E)B-farnesene, a pheromone concentration emitted by plants, or a hexane con
trol for 24 h. Their reaction to 38 ng/chof (E)-3-farnesene, the maximum pheromone concentration found in aphid-
cornicle droplets, was not significantly different before and after exposure. Thus, our hypothesis that plants emit
farnesene to disrupt aphid alarm communication remains unsupported.

Résumé: A l'attaque d’un prédateur, le Puceron du pofsyrthosiphon pisumémet une phéromone d’alerte, IE){B-
farnéséne, qui déclenche la dispersion des autres pucerons de la méme espéce qui sont dans le voisinage. Cependant,
les plantes endommagées par les herbivores émettent auds)-fitfarnéséne. Nous avons posé en hypothése que les
plantes libérent le farnéséne pour conditionner les pucerons, i.e., pour perturber les réactions des pucerons aux phéro-
mones d’alerte, peut-étre pour diminuer I'herbivorie, en augmentant I'efficacité des parasitoides ou des prédateurs.
Nous avons donc examiné deux questions : (1) les pucerons s’habituent-ils a la préseBi@-farfésene? et

(2) s'adaptent-ils aux concentrations que libérent les plantes infestées de pucerons? Des pucerons soumis a un régime
alimentaire artificiel sans farnéséne ont été exposés soit a 10 hdkerE)-p-farnéséne, soit & un hexane témoin, pen-

dant 24 h. Il y avait effectivement habituation puisque les réponses & une concentration de 50omg/diminué

aprés I'exposition. Nous avons par la suite exposé des pucerons a 0,8 mig/¢H)-B-farnéséne, la concentration de
phéromone émise par les plantes, ou a un hexane témoin pendant 24 h. Leur réaction a 38lagncentration

maximale de phéromone trouvée dans les gouttelettes émises par les cornicules des pucerons, n’était pas significative
ment différente avant ou aprés I'exposition. Notre hypothése selon laquelle les plantes émettent du farnéséne pour per
turber la communication de la phéromone d’alerte chez les pucerons n’est donc pas corroborée.

[Traduit par la Rédaction]

Introduction biocontrol practitioners to exploit these responses (e.g; mat

ing disruption) (Carde and Minks 1995; Rumbo and Vickers

Habituation is decreased responsiveness to a signal aftggg7) One area in which an understanding of habituation
repeated presentation, as a result of neurophysiological changg,, advance biocontrol strategies is the disruption of alarm
(Domjan and Burkhard 1986). Habituation may help an or communication between conspecifics of a pest species.

ganism to focus on salient stimuli by ignoring redundant in - .
formation. While habituation may be adaptive for insects is\/l\j?ner:ar?ntittag;ec;lg?/ma g;zgg:ggn%%?_g_agﬂse)géhnoes'pfiggrr;
gnd.er natural conditions (e.g.,. to conserve energy upon NQt, hicjes on theposterior abdomen (Dixon 1973)., Neigh
finding a mate quickly) (Mankin et al. 1999), it may allow bouring clones and conspecifics disperse from the source of
the signal by walking or dropping from the plant (Nault and
Phelan 1984). However, plants such as broad bean (Du et al.
1998), corn (Bernasconi and Turlings 1998), cotton (Rose et
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2001. al. 1998), and potato (Gibson and Pickett 1983) also emit
(E)B-farnesene when insect-damaged. There are two possible

A.S. Petrescu, E.B. Mondor; and B.D. Roitberg. interpretations of this phenomenon: (1) employment of like

Behavioural Ecology Research Group, Department of compounds across kingdoms is coincidental, or (2) plants
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BC V5A 156, Canada. emit (E)-B-farnesene for defensive purposes against insects.

(E)-B-farnesene emitted from aphid-infested plants functions
!Corresponding author (e-mail: emondor@sfu.ca). as a synomone for aphid parasitoids (Du et al. 1998). How
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ever, we hypothesize that plant-produc&jHg-farnesene may Fig. 1. Proportions (mem+ 1 SE) of pea aphidshcyrthosiphon
also reduce insect feeding by habituating aphids to their owpisum dropping from their feeding site during pretest and post-
alarm pheromone, thus increasing aphid susceptibility tdest exposure to 50 ng/chf1.0 pghiL) of (E)3-farnesene. The
parasitoids and predators. A rigorous test of this hypothesibabituation stimulus was 10 ng/én(0.2 pghiL) (E)-B-farnesene,
demands answers to two questions: (1) Do aphids habitua® hexane.

to (E)B-farnesene, and (2) If they do, are they habituated at | -
the levels produced by aphid-infested plants?

B Pretest
b O Post test

Methods and results ]

Pea aphids were collected from sweet péathyrus
odoratus‘Cuthbertson,’ in Burnaby, British Columbia. Aphids
were reared in the laboratory on broad bean plavisia
faba ‘Broad Windsor,’ potted in garden soil. Two-week-old
broad bean plants were infested with adult aphids and place&g_ 1
in a fume hood. The constant airflow over the leaf surfacesg , -
was intended to reduce the concentration of plant volatiles to
which aphids were exposed prior to testing. Aphids born
over a 24-h period were raised as a synchronous colony for
4 days until their third instar. An artificial diet (modified
from Dill et al. 1990) was used as a growth medium for Habituation treatment
fourth-instar and adult aphids. The original diet was changed
as follows: the pH was lowered to 7.6 from 8.3 with NaOH
(agueous), and yellow food colouring was used instead o X
green. Habituation and testing were carried out using th&°rded on videotape.

same artificial-diet system to eliminate plant-derived farnesene Habituation was ev_ig:lent, as .aphids exposed to far_nesene
that may have unquantifiable effects on aphid responses. and hexane had significantly different post-test dropping re-

Artificial leaves were made by sealing 2 circles of SPONS€SK( 42 = 5.1325P = 0.0287) (Fig. 1). In this exper-
Parafilm™ 12 cm indiameter, which were injected with the IMent the combined pretest means were not significantly

artificial diet. Petri dishes 8.5 cm i.d. x 3.5 cm high were different from the combined post-test meafg ) = 1.4296,
covered with the artificial leaves. A 6.5-Ib. clear glass plateP = 0.2385).

was placed on top of 4 petri dishes to create pressure in the ] )

leaves, as aphids are passive feeders (Dixon 1998). Foriy0 aphids habituate to €)3-farnesene levels produced
fourth-instar aphids were placed on each artificial leaf. Thedy herbivore-infested plants? _ _
aphids were allowed to settle on the artificial leaves for 24 h. In the second experiment we determined whether aphids
After this time, any aphids not feeding or in excess of 35 werd1abituate to levels of)3-farnesene emitted by aphid-infested
taken out of the petri dish. A 1-chpiece of Whatman™ fil  Plants; 35 aphids were used per artificial lea(29;n = 15

ter paper was placed in the center of each dish to be substr (E)-B-farnesenen = 14 for the hexane control). A pretest
quently used for E)--farnesene application. Farnesene was2nd post-test concentration of 38 ngfo(@.76ughiL) (E)-B-
diluted in hexane to the desired concentrations. In each eXarnesene corresponds to the maximum pheromone level found
periment, 1QuL of a farnesene solution or a hexane controlin aphid-cornicle droplets (Mondor et al. 2000). Using Du et
was applied to the filter paper and allowed to diffuse threughal- (1998), the E)-3-farnesene concentration given off by
out the 199-cr petri dish. The equilibrium concentration of aphid-infested bean plants over the initial 24 h of feeding

0.6 1

0.4 1

ion of aphids dropping

E-B- farnesene Hexane

¢1.0 pgL) of (E)P-farnesene. Insects’ reactions were re

(E)-B-farnesene per cubic centimetre, was calculated to be 0.8 ng/ér(0.0_lGug/uL). This concen
tration was used to habituate aphids. The protocol was -other
equilibrium concentration (ng/cth wise identical with that for experiment 1.
= {[solution concentrationg/uL)] At these pheromone levels there was no indication ef ha

bituation, as aphids exposed to farnesene and hexane had
x (104L) x (1000 nghg)}t / (199 en¥)  gimilar pretest and post-test dropping responggs . =
was considered to be the exposure dose for the aphids. 0.0876,P = 0.7694) (Fig. 2). An increase in post-habituation
dropping responses for both treatmerig g = 6.4442,P =
Do aphids habituate to €)-B-farnesene? 0.0168) may be attributed either to the age difference of
In the first experiment we determined whether aphids hal day or to a decrease in food quality (Dill et al. 1990).
bituate to E)—B—farnesgqne. In the pretest, dropping responses
of aphids to 50 ng/cm(1.0 ugiuL) of (E)B-farnesene was P P
recorded over 90 s, after which the artificial leaf was raiselescusswn
to let the farnesene escape and a new piece of filter paper The concentration and presentation schedule, which was
was placed in the center of the dish. Aphids in 21 randomlymeant to mimic a biological scenario (i.e., the concentrations
chosen petri dishes were then exposed to 10 ng(em2pug/  of (E)-3-farnesene emitted by aphid-infested plants), did not
uL) of (E)-B-farnesene and aphids in 21 control dishes werdead to habituation. Thus, our hypothesis that plants emit
exposed to hexane for 24 h. After this time, a 90-s post teslarnesene to interfere with aphid alarm communication re
of aphid dropping responses was conducted with 50 ngj/cmmains unsupported. Habituation was obtained only at much
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Fig. 2. Proportions (mea+ 1 SE) of pea aphids dropping from are based on the idea of increasing parasitoid or predator
their feeding site during pretest and post-test exposure to efficacy.

38 ng/cnt (0.76 ughuL) of (E)-B-farnesene. The habituation stim

ulus was 0.8 ng/ci(0.016ughL) (E)B-farnesene, or hexane.
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