Impact of visual and olfactory stimuli on oviposition site selection
in the Mediterranean fruit fly, Ceratitis capitata (Tephritidae)
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Choice of host plant by the female

Effect on the fithess = effect on
population dynamicsii-4

Acceptance = the female's natural tendency to lay eggs on a Preference = the female's natural tendency to lay eggs on a
particular host when this is the only alternative available® particular host compared with her tendency to lay eggs on
=» measured by non-choice tests other available hostst

=» measured by choice tests
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vy Geratitisicapitatalfephritidae)
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* Large area of distribution

* Presentin France

* Generalist species

* Causing considerable economic

Distribution (EPPO 2009 and IAEA 2013)
71 Confirmed Absent o No Data

damages (attack commercially i ——

I interceptions or short-lived populations

I Eradicated

important fruits) -

e Easy torearin controlled conditions
e Possible manipulations of the different stages SIS Sl
of the life cycle

The female inserts her
ovipositor into the fruit
to deposit the eggs

After 10-20 days, the
larva leaves the fruit
and it changes into a
pupa in the ground

Hatching after 3-5 days

Crédits photos : Bruno Serrate



Visualfiandiolractony stimuli

Pre-manipulations My internship

Visual stimuli (color, size, shape) Visual stimuli = 3 colors

Olfactory stimuli Olfactory stimuli = 3 odors



Protocol

* 9 modes * 7 repetitions = 63 cages |
* 2 blocks * 2 measurements => 28 repetitions per modes |
* 63 cages * 8 females = 504 females per block I

s Gt
Table summarizing all the pairs of nest boxes allowing the interaction between olfactory and visual stimuli
to be fully tested
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Table summarizing all the pairs of nest boxes allowing the interaction between olfactory and visual stimuli

to be fully tested




Protocol
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II * 18 modes * 4 repetitions = 72 cages I
| * 4 blocks * 2 measurements => 32 repetitions per modes |
| * 72cages * 8 females = 576 females per block I
- e e e o o o o o o o o e e e e e e Em o’

Color preference

Odor preference

Table summarizing all the pairs of nest boxes allowing the interaction between olfactory and visual stimuli
to be fully tested
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Egg-laying during
4h

Artificial
intelligence



Nombre d'oeufs

120

80+

40

Question : Do females detect different colors and odors?
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Modalité

Number of eggs according to the different types of nest boxes

Different numbers
of eggs according to
different colors and

odors

=>» Females discern

colors and odors.



Question : Acceptance = preference ?

Reminder :
* Acceptance = experience of no choice
* Preference = experience of choice




Estimation of EXPECTED preferences
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Table summarizing all the pairs of artificial oviposition devices allowing the interaction between olfactory

and visual stimuli to be fully tested
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Estimation of EXPECTED preferences I

[10]
bleu_banane

P= bleu banane + blanc_banane

=>» 1000 times
=» 1000 values of expected preferences
=» Calculation of the mean

=>» Mean expected preference for the
blue_banana modality

- A ’,
# .—5(\. ' N #, o~ \
S\ 7N 7\
i > o>

=R &5

Table summarizing all the pairs of artificial oviposition devices allowing the interaction between olfactory
and visual stimuli to be fully tested
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Table summarizing all the pairs of artificial oviposition devices allowing the interaction between olfactory

and visual stimuli to be fully tested




Viethod

Estimation of EXPECTED preferences
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P= bleu_banane + blanc_banane

bleu_banane

=» 1000 times
= 1000 values of expected preferences
= Calculation of the mean

= Mean expected preference for the
blue_banana modality
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Table summarizing all the pairs of artificial oviposition devices allowing the interaction between olfactory
and visual stimuli to be fully tested

Calculation of OBSERVED preferences
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Table summarizing all the pairs of artificial oviposition devices allowing the interaction between olfactory

and visual stimuli to be fully tested
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Préférences observées

(transformation 'logit’)

Question : Acceptance = preference ?
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Conditions d'expérimentation

® Préférence couleur

P Préférence couleur*odeur
(interaction)
Préférence odeur

Droite de régression lineaire
__ R*=04517

y = 1.44*x

p = 2.592e-07

0.5 0.0 0.5 1.0
Préférences attendues
(transformation 'logit')

Observed preferences according to expected preferences for each pair of modalities

(preferences of nest box 1 over nest box 2)
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Observed preferences according to expected

Draite da régression linéaire
RE= 04517

y =14
P = 2540007

preferences for each pair of modalities

(preferences of nest box 1 over nest box 2)

Question : Acceptance = preference ?
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Expected (in red) and observed (in black) preferences of nst box 1 over nest box 2 according to

the different modes (choice experiment to test "color preference")
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Question : How do visual and olfactory stimuli influence preference?
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Preference of nest box 1 over nest box 2 (choice experiment to test "color preference")
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SUlts Question : How do visual and olfactory stimuli influence preference?
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Preference of nest box 1 over nest box 2 (choice experiment to test "color preference")
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Question : How do visual and olfactory stimuli influence preference?
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Odor preference ranking :
banana << orange = cherry

Preference of nest box 1 over nest box 2 (choice experiment to test "odor preference")
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Question : How color-odor interaction influences preference ?
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Question : How color-odor interaction influences preference ?
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Question : How color-odor interaction influences preference ?
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DISCUSSION aNdiPErSPECTIVES

Impact of visual AND olfactory stimuli on :

e Number of eggs
e Choice of laying site (preference)

Acceptance = preference

¢ Increased contrasts in choice experiences

Color * odor = interaction

e Preference more or less easy to predict
e Depending on color and odor, the female's attraction is different



Impact of visual AND olfactory stimuli on :

e Number of eggs
e Choice of laying site (preference)

Acceptance = preference

¢ Increased contrasts in choice experiences

Color * odor = interaction

e Preference more or less easy to predict
e Depending on color and odor, the female's attraction is different

Visual AND olfactory
stimuli are BOTH
important for pest control



Objectives

* Study the different sources of phenotypic plasticity and their effects on egg-laying preference
» Study the role of phenotypic plasticity on the dynamics of adaptive evolution during a (controlled) change in female

preference




Thank you for your attention
Thanks to Benoit, Bruno and Julien

3

no Serrate



P) ) - - ) < o= - "r - ~
BIRIIOErapPhICAINETerences

1. Di Giulio, M., & Edwards, P. J. (2003). The influence of host plant diversity and food quality on larval survival of plant feeding heteropteran bugs. Ecological
Entomology, 28(1), 51-57. https://doi.org/10.1046/j.1365-2311.2002.00488.x

2. Gripenberg, S., Mayhew, P. J., Parnell, M., & Roslin, T. (2010). A meta-analysis of preference—performance relationships in phytophagous insects. Ecology Letters,
13(3), 383-393. https://doi.org/10.1111/j.1461-0248.2009.01433.x

3. Jaenike, J. (1978). On optimal oviposition behavior in phytophagous insects. Theoretical Population Biology, 14(3), 350-356. https://doi.org/10.1016/0040-
5809(78)90012-6

4. Videla, M., Valladares, G. R., & Salvo, A. (2012). Choosing between good and better : Optimal oviposition drives host plant selection when parents and offspring
agree on best resources. Oecologia, 169(3), 743-751. https://doi.org/10.1007/s00442-011-2231-6

5. Cunningham, J. P. (2012). Can mechanism help explain insect host choice? Journal of Evolutionary Biology, 25(2), 244-251. https://doi.org/10.1111/j.1420-
9101.2011.02435.x

6. Jallow, M. F. A., Paul Cunningham, J., & Zalucki, M. P. (2004). Intra-specific variation for host plant use in Helicoverpa armigera (Hlibner) (Lepidoptera : Noctuidae):
implications for management. Crop Protection, 23(10), 955-964. https://doi.org/10.1016/j.cropro.2004.02.008

7. Wang, Y., Fang, G., Xu, P, Gao, B,, Liu, X., Qj, X., Zhang, G., Cao, S., Li, Z,, Ren, X., Wang, H., Cao, Y., Pereira, R., Huang, Y., Niu, C., & Zhan, S. (2022). Behavioral and
genomic divergence between a generalist and a specialist fly. Cell Reports, 41(7), 111654. https://doi.org/10.1016/j.celrep.2022.111654

8. Schapers, A., Petrén, H., Wheat, C. W., Wiklund, C., & Friberg, M. (2017). Female fecundity variation affects reproducibility of experiments on host plant preference
and acceptance in a phytophagous insect. Proceedings of the Royal Society B: Biological Sciences, 284(1849), 20162643. https://doi.org/10.1098/rspb.2016.2643

9. Anton, S., & Cortesero, A.-M. (2022). Plasticity in Chemical Host Plant Recognition in Herbivorous Insects and Its Implication for Pest Control. Biology, 11(12), 1842.
https://doi.org/10.3390/biology11121842

10. Fanara, J. J., Beti, M. I. L., Gandini, L., & Hasson, E. (2023). Oviposition behaviour in Drosophila melanogaster : Genetic and behavioural decoupling between
oviposition acceptance and preference for natural fruits. Journal of Evolutionary Biology, 36(1), 251-263. https://doi.org/10.1111/jeb.14109



Additional’slides




Cera Trap est un appat liquide composé de
protéines hydrolysées par voie enzymatique,
sans insecticides, qui libere une série de
composés volatils, principalement des
amines et des acides organiques. La mouche
méditerranéenne des fruits (medfly) est
fortement attirée, pénétre dans les pieges
appatés avec la protéine hydrolysée et, ne
pouvant s'échapper, se noie dans le liquide
et meurt. (Sierras et al., 2016)
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Preference of nest box 1 over nest box 2 (choice experiment to test "color-odor interaction ")
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Results
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