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Introduction

When exposed to environmental stressors, animals face two main options: dealing with the stressor, which may ultimately lead to the evolution of special features, or physically avoiding it. In interactions with opportunistic pathogens, broad-sense immunity includes components for dealing with pathogens when interactions occur (physical barriers and cellular and humoral effectors of the immune system) as well as a behavioural component to physically avoid pathogens and reduce the infection risk. [START_REF] Moore | Behavioral alterations and avoiding parasites[END_REF][START_REF] Siva-Jothy | Insect immunity: an evolutionary ecology perspective[END_REF][START_REF] Schmid-Hempel | Evolutionary parasitology: the integrated study of infections, immunology, ecology, and genetics[END_REF] The immune response being costly (energy, nutrients, and immunopathology resulting from damage to host tissues by effectors of its innate immune response) [START_REF] Siva-Jothy | Insect immunity: an evolutionary ecology perspective[END_REF][START_REF] Pursall | Immune response accelerate ageing: proof-of-principle in an insect model[END_REF] , obvious benefits come from physically avoid pathogens.

Behavioural avoidance of toxic compounds and microorganisms in a foraging context is well documented. Both innate avoidance ('disgust') and learned avoidance based on associative learning of hazardous food, are commonly expressed by vertebrates [START_REF] Curtis | Disgust as an adaptive system for disease avoidance behaviour[END_REF] and invertebrates, mainly insects. [START_REF] Darmaillacq | Rapid taste aversion learning in adult cuttlefish, Sepia officinalis[END_REF][START_REF] Wright | Parallel reinforcement pathways for conditioned food aversions in the honeybee[END_REF][START_REF] Sellier | Consumption of bitter alkaloids in Drosophila melanogaster in multiple-choice test conditions[END_REF] For instance, phytophagous insects avoid plants that accumulate toxic alkaloids [START_REF] Papaj | Ecological and evolutionary aspects of learning in phytophagous insects[END_REF] and the nematode Caenorhabditis elegans prefers feeding on non-pathogenic bacteria rather than pathogenic ones [START_REF] Sicard | The effect of Photorhabdus luminescens (Enterobacteriaceae) on the survival, development, reproduction and behaviour of Caenorhabditis elegans (Nematoda: Rhabditidae)[END_REF][START_REF] Abada | elegans behavior of preference choice on bacterial food[END_REF] . Exposed to opportunistic pathogens through their diet of overripe fruits, Drosophila melanogaster females are able to learn to adjust their preference for a food odour when that odour has previously been associated with a gut infection by the virulent bacterium Pseudomonas entomophila, [START_REF] Babin | Fruit flies learn to avoid odours associated with virulent infection[END_REF] as do C. elegans nematodes when exposed to pathogenic bacteria. [START_REF] Zhang | Pathogenic bacteria induce aversive olfactory learning in Caenorhabditis elegans[END_REF] Drosophila melanogaster males and females also express strong innate aversive responses to bacterial lipopolysaccharides when feeding and egg laying respectively, mediated by dTRPA1 cation channels of gustatory neurons. [START_REF] Soldano | Gustatory-mediated avoidance of bacterial lipopolysaccharides via TRPA1 activation in Drosophila[END_REF] Naturally ubiquitous in the environment, Bacillus thuringiensis (Bt) is an opportunistic Gram-positive bacterium, which synthesizes insecticidal toxins including Cry proteins as crystals along with spores. [START_REF] Crickmore | Bacillus thuringiensis toxin classification[END_REF][START_REF] Enger | Evaluating the long-term persistence of Bacillus spores on common surfaces[END_REF] The insecticidal action relies on the organisms' feeding (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this preprint this version posted March 7, 2023. ; https://doi.org/10.1101/2023.03.07.531532 doi: bioRxiv preprint activity on Bt-contaminated food sources. [START_REF] Bravo | Bacillus thuringiensis: a story of a successful bioinsecticide[END_REF] In the context of the growing global food demand and the need for safer and more specific insect pest control, these natural insecticidal properties have led the development of Bt-based bioinsecticides (products made of viable Bt spores and toxin crystals) or Bt transgenic crops to control insect pests in agriculture and forestry (mainly Lepidoptera), and mosquitoes and black flies (Diptera). [START_REF] Sanchis | Bacillus thuringiensis: applications in agriculture and insect resistance management[END_REF][START_REF] Lacey | Insect pathogens as biological control agents: Back to the future[END_REF] Many studies concluded that Bt bioinsecticides and Bt crops are harmless or have limited impacts on the non-target fauna. [START_REF] Glare | Bacillus thuringiensis: Biology, Ecology and Safety[END_REF][START_REF] Rubio-Infante | An overview of the safety and biological effects of Bacillus thuringiensis Cry toxins in mammals[END_REF] However, the partial targeting specificity of Cry toxins and the potential for environmental accumulation of spores and toxins upon repeated treatments have raised concern about potential side-effects on non-target organisms. [START_REF] Enger | Evaluating the long-term persistence of Bacillus spores on common surfaces[END_REF][START_REF] Efsa Panel On | Risks for public health related to the presence of Bacillus cereus and other Bacillus spp. including Bacillus thuringiensis in foodstuffs[END_REF][START_REF] Hung | a Persistence of detectable insecticidal proteins from Bacillus thuringiensis (Cry) and toxicity after adsorption on contrasting soils[END_REF][START_REF] Hung | b Fate of insecticidal Bacillus thuringiensis Cry protein in soil: differences between purified toxin and biopesticide formulation[END_REF][START_REF] Van Frankenhuyzen | Specificity and Cross-order Activity of Bacillus thuringiensis Pesticidal Proteins[END_REF] In insects, recent studies have reported deleterious effects of the Lepidoptera-targeting Bt var. kurstaki (Btk) bioinsecticide on several species of non-target Drosophila flies likely present in Btk-treated areas. Chronic exposure of fly larvae to subacute doses through the diet altered their growth, development duration, survival, and complete development success. [START_REF] Cossentine | Biological activity of Bacillus thuringiensis in Drosophila suzukii (Diptera: Drosophilidae)[END_REF][START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF][START_REF] Nawrot-Esposito | Bacillus thuringiensis bioinsecticides induce developmental defects in non-target Drosophila melanogaster larvae[END_REF][START_REF] Mastore | Susceptibility of Drosophila suzukii larvae to the combined administration of the entomopathogens Bacillus thuringiensis and Steinernema carpocapsae[END_REF] Btk bioinsecticide also impacted the larval metabolism and midgut physiology, impairing protein digestion and disturbing the gut epithelium organisation. [START_REF] Nawrot-Esposito | Bacillus thuringiensis bioinsecticides induce developmental defects in non-target Drosophila melanogaster larvae[END_REF] One way for non-target insects that would alleviate Bt bioinsecticide impacts is the expression of behavioural avoidance of Bt-treated substrates. As Bt bioinsecticides act after ingestion, behavioural avoidance would be advantageous upon food foraging, but also upon female oviposition with direct benefits for the offspring and indirect benefits for the female's fitness. So far, Bt behavioural avoidance has been investigated mainly in Bt-target invertebrates: studies have reported no change in the oviposition behaviour of Culex mosquitoes exposed to Bt var. israelensis [START_REF] Bellile | Bioinsecticide and leaf litter combination increases oviposition and reduces adult recruitment to create an effective ovitrap for Culex mosquitoes[END_REF] or in the feeding behaviour of the Western corn rootworm Diabrotica virgifera virgifera, [START_REF] Petzold-Maxwell | Adaptation by Western corn rootworm (Coleoptera: Chrysomelidae) to Bt maize: inheritance, fitness (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. costs, and feeding preference[END_REF] and even an attractive effect of Bt maize on the oviposition of the fall armyworm Spodoptera frugiperda. [START_REF] Tellez-Rodriguez | Strong oviposition preference for Bt over non-Bt maize in Spodoptera frugiperda and its implications for the evolution of resistance[END_REF] By contrast, behavioural avoidance of Bt upon food foraging was reported in the nematode Caenorhabditis elegans [33- (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. [START_REF] Wang | Cry1Ab-expressing rice did not influence expression of fecundity-related genes in the wolf spider Pardosa pseudoannulata[END_REF] and in two Lepidopteran pests, the cotton bollworm Helicoverpa armigera and the cotton leafworm Spodoptera litura. [START_REF] Singh | Selective feeding of Helicoverpa armigera (Hübner) and Spodoptera litura (Fabricius) on meridic diet with Bacillus thuringiensis toxins[END_REF] Females of H. armigera and of the diamondback moth Plutella xylostella also avoid Bt when laying eggs in a choice situation. [START_REF] Zago | Resistance and behavioural response of Plutella xylostella (Lepidoptera: Plutellidae) populations to Bacillus thuringiensis formulations[END_REF][START_REF] Zhao | Oviposition and feeding avoidance in Helicoverpa armigera (Hübner) against transgenic Bt cotton[END_REF] Bt avoidance was also reported in insects' offspring: neonates of the European corn borer, Ostrinia nubilalis, disperse more on Bt corn [START_REF] Razze | Dispersal behavior of neonate European corn borer (Lepidoptera: Crambidae) on Bt corn[END_REF] and avoid Bt when facing a choice with untreated diet, [START_REF] Loopez | βcarotene and Bacillus thuringiensis insecticidal protein differentially modulate feeding behaviour, mortality and physiology of European corn borer (Ostrinia nubilalis)[END_REF] while neonates of the tobacco budworm Heliothis virescens avoid diets containing Cry toxins or the Bt bioinsecticide at doses that do not alter their development and survival. [START_REF] Gould | Feeding behavior and growth of Heliothis virescens larvae on diets containing Bacillus thuringiensis formulations or endotoxins[END_REF] By contrast, Bt behavioural avoidance has been scarcely addressed in non-target invertebrates. Foraging activity and learning ability of Apis mellifera ligustica honey bees remained unchanged on Bt corn, [START_REF] Dai | Field assessment of Bt cry1Ah corn pollen on the survival, development and behavior of Apis mellifera ligustica[END_REF] while collective nest building and prey attacks were altered by cuticular Bt inoculation to the African social spider Stegodyphus dumicola. [START_REF] Keiser | Increased bacterial load can reduce or negate the effects pf keystone individuals on group collective behaviour[END_REF] Altered reproduction and survival were recorded in Bombus terrestris bumble bees exposed to Bt depending on the Bt subspecies and the exposure route, but without altering the foraging behaviour and colony performance. [START_REF] Mommaerts | Impact of Bacillus thuringiensis strains on survival, reproduction and foraging behaviour in bumblebees (Bombus terrestris)[END_REF] Bt bioinsecticides being increasingly applied in the field, studies exploring the behavioural avoidance by non-target invertebrates are needed for an accurate assessment of the potential bioinsecticide side-effects on non-target fauna.

Here, we explored the expression of behavioural avoidance toward the lepidopterantargeting Bt var. kurstaki (Btk) bioinsecticide by non-target Drosophila species that exhibit developmental and physiological alterations in the chronic presence of bioinsecticide. [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF][START_REF] Nawrot-Esposito | Bacillus thuringiensis bioinsecticides induce developmental defects in non-target Drosophila melanogaster larvae[END_REF] Drosophila larvae are particularly exposed to food-borne stressors as they intensively search for food to fuel their exponential growth but have a low dispersal capacity. Bioinsecticide avoidance by adult females when searching for oviposition sites would mitigate the consequences on larval development. We focused on three Drosophila species with different ecological features and varying developmental alterations elicited by chronic Btk exposure: two cosmopolitan domestic species which frequently coexist on overripe fruits, D.
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The copyright holder for this preprint this version posted March 7, 2023. ; https://doi.org/10.1101/2023.03.07.531532 doi: bioRxiv preprint melanogaster (four strains) and the phylogenetically distant and opportunistic D. busckii, [START_REF] Atkinson | Breeding site specificity in the domestic species of Drosophila[END_REF][START_REF] Shorrocks | Competition on a divided and ephemeral resource: a cage experiment[END_REF][START_REF] Benado | An eight-year phenological study of a local drosophilid community in Central Chile[END_REF][START_REF] Nunney | The colonization of oranges by the cosmopolitan Drosophila[END_REF][START_REF] Mitsui | Coexistence of drosophilid flies: aggregation, patch size diversity and parasitism[END_REF] and the invasive D. suzukii that feeds and lays eggs on ripe fruits and is a threat to agriculture. [START_REF] Walsh | Drosophila suzukii (Diptera: Drosophilidae): invasive pest of ripening soft fruit expanding its geographic range and damage potential[END_REF][START_REF] Delbac | Drosophila suzukii est-elle une menace pour la vigne?[END_REF][START_REF] Poyet | Invasive host for invasive pest: when the Asiatic cherry fly (Drosophila suzukii) meets the American black cherry (Prunus serotine) in Europe[END_REF][START_REF] Tait | Drosophila suzukii (Diptera: Drosophilidae): A Decade of Research Towards a Sustainable Integrated Pest Management Program[END_REF] We measured the females' oviposition preference in two-choice tests where they were offered food with or without Btk bioinsecticide at a specific dose. The preference dynamics during the choice test was recorded and the effect of different fractions of the Btk bioinsecticide suspension (spores and toxin crystals, and soluble toxins/components) on the fly preference was also assessed.

Material and Methods

(a) Fly stocks

Four D. melanogaster strains were tested: the wild-type Canton-S (Bloomington Drosophila Center) used here as a reference strain, the wild-type "Nasrallah" from Tunisia (strain 1333, Gif-sur-Yvette), a wild-type strain "Sefra" derived from flies collected in Southern France in 2013, and the yellow-white double mutant YW1118 (gift from Dr. B. Charroux, IBD, Marseille-Luminy). Those strains and the two other Drosophila species tested, D. busckii Viable spores were estimated at 5×10 7 CFU/mg product by counting Colony Forming Units (CFUs) on LB agar, and this value remained stable during the timeframe of this study. For the experiments, suspensions of Btk bioinsecticide were prepared in Ringer buffer (NaCl 7.5g/l, NaHCO3 0.1g/l, KCl 0.2g/l, CaCl2 0.2g/l, in distilled water) to reach the desired CFUs in 100 µl.

(

(c) Oviposition choice test

Two-to-five day-old mated females (20 D. melanogaster, 30 D. suzukii, 30 D. busckii) were transferred to aerated plastic cages (Ø 10.5 cm, h 7.5 cm) containing two dishes (Ø 3 cm, ~7 cm 2 , 1g of fly medium) diametrically opposed at the cage bottom. The test lasted 18 h for D. melanogaster and 24 h for D. suzukii and D. busckii which lay fewer eggs. To avoid confounding effects, cage orientation and location in the experimental chamber were randomized.

(d) Oviposition in presence of Btk bioinsecticide

Flies were given the choice between a dish filled with fly medium mixed with a suspension of Btk bioinsecticide in Ringer buffer at a given concentration, and a control dish filled with fly medium mixed with the same volume of Ringer buffer (dose "0"). In control replicate cages, females were offered the choice between two dishes filled with fly medium mixed with Ringer buffer. Oviposition preference for Btk was calculated by dividing the number of eggs laid on the Btk substrate divided by the sum of eggs on the two substrates of the cage.

Oviposition preference equal to 0.5 indicates no preference or avoidance of the bioinsecticide; preference values above 0.5 indicate bioinsecticide appetitiveness, while values below 0.5 indicate bioinsecticide avoidance. Oviposition preference in control cages was the egg (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.
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Three Btk bioinsecticide doses previously described in [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] were used: 10 6 CFU/g fly medium that has no effect on the Drosophila development and falls in the recommendation range (equivalent to the field application of 1.4×10 5 CFU/cm 2 ) and 10 8 CFU/g and 10 9 CFU/g which strongly alters Drosophila larval development (equivalent to the application of 1.4×10 [START_REF] Wright | Parallel reinforcement pathways for conditioned food aversions in the honeybee[END_REF] CFU/cm 2 and 1.4×10 8 CFU/cm 2 , respectively). The dynamics of egg laying over the 18-h choice test were explored with the D. melanogaster Canton-S strain by measuring the oviposition preference at 2 h, 4 h, and 18 h (endpoint) of choice test. Oviposition preference of D. suzukii and D. busckii was measured with the choice over 24 h between a Ringer control substrate and a substrate containing 10 9 CFU/g of Btk bioinsecticide.

To disentangle the effects on the oviposition preference of Btk spores, toxin crystals and soluble toxins, from those of the commercial product additives, a 2×10 10 CFU suspension of the bioinsecticide product was dialyzed to remove low molecular weight compounds. [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] A fraction of the dialyzed suspension was centrifuged at 15,000 g, 15 min, 18°C to collect the pellet containing mainly spores and toxin crystals, and the supernatant containing toxin fragments and non-dialyzable compounds. [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] The oviposition preference and motivation for egg laying of Drosophila melanogaster Canton-S females was assessed during 18 h when flies were offered the choice between a control Ringer substrate and a substrate containing the non-dialyzed bioinsecticide, the dialyzed bioinsecticide, the centrifugation pellet (all adjusted to 10 9 CFU/g), the supernatant, or the PBS buffer used for dialysis.

(e) Statistical analysis

Binomial data on oviposition preference were analysed with mixed-effects generalized linear models that included, when appropriate, the D. melanogaster strain, the Btk treatment (Ringer (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this preprint this version posted March 7, 2023. ; https://doi.org/10.1101/2023.03.07.531532 doi: bioRxiv preprint control, Btk bioinsecticide doses, dialysis and centrifugation fractions), the choice test duration and their two-way interactions as fixed factors. The replicate cage was included as random factor. Count data on egg-laying motivation were transformed into decimal logarithm values and analysed with mixed-effect models including the same fixed and random effects as described above (similar statistical results and biological conclusions were obtained with untransformed data). Significance of fixed effects and interactions was tested by model comparisons. Pairwise post hoc comparisons of each Btk dose with the no-Btk control and of each fly strain with Canton-S were performed. The deviation of the oviposition preference from a 50%-50% distribution of eggs on the two substrates was tested with t tests under the H0 hypothesis of a mean egg proportion of 0.5. The replicate number being relatively small, Wilcoxon tests with the same H0 hypothesis were performed and yielded similar biological conclusions. Statistical analyses were performed in R [START_REF]R: A language and environment for statistical computing[END_REF] using the packages lme4 [START_REF] Bates | Fitting linear mixed-effects models using lme4[END_REF] and multcomp. [START_REF] Hothorn | Simultaneous inference in general parametric models[END_REF] 3. Results S1.1). Canton-S females laid eggs evenly when offered two control substrates, while they laid fewer eggs on Btk substrate when offered a choice between substrates with and without Btk (Table S1.1; significance of post hoc control-Btk dose pairwise comparisons in Figure 1). Their Btk avoidance increased with the bioinsecticide dose, and deviated significantly from the "neutral" preference of 0.5 at the two highest doses, 10 8 and 10 9 CFU/g (Table S1.1), dropping to 0.19 on average at 10 9 CFU/g (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this preprint this version posted March 7, 2023. ; https://doi.org/10.1101/2023.03.07.531532 doi: bioRxiv preprint (95% confidence interval: 0.07 -0.30). The oviposition preference of Nasrallah females also decreased with the increasing Btk dose (Figure 1; Table S1.1), dropping significantly below 0.5 only at 10 9 CFU/g with a smaller amplitude than that of Canton-S females (0.27 on average, 95% CI: 0.12 -0.41; Table S1.1). Similarly, the average preference of Sefra females was 0.29 at this dose (95% CI: 0.21 -0.37), while the dose 10 6 CFU/g was slightly appetitive (Figure 1; Table S1.1). The oviposition preference of the YW double mutant also decreased significantly below 0.5 at 10 9 CFU/g but with a smaller amplitude (average preference of 0.37, 95% CI: 0.24 -0.50) (Figure 1; Table S1.1). For all the four D. melanogaster strains, female motivation for egg laying in the presence of Btk bioinsecticide was similar to that without bioinsecticide and was similar between Btk doses (Figure 2; Table S1.1).

Over the course of the 18-h choice test, the oviposition preference of the control Canton-S females unexposed to Btk bioinsecticide did not differ from the "neutral" preference 0.5 despite random variation between time points. In contrast, when offered the choice between a Btk substrate at 10 9 CFU/g and a control substrate, the female preference for Btk was already below 0.5 at 2 h and further decreased at 4 h to remain down to ~0.2 until the end of the choice test (Figure 3A; Table S1.2). The motivation of Canton-S females for egg laying evolved similarly and regardless of the choice they were offered (Figure 3B; Table S1.2).

(b) All the Btk bioinsecticide fractions elicited the fly oviposition avoidance

While the preference after 18h of Canton-S females for both Ringer and PBS controls did not differ from 0.5 (Figure 4A, Table S2), females significantly avoided the dialyzed Btk suspension, the suspended pellet and the supernatant with a similar amplitude as the nondialyzed Btk bioinsecticide at 10 9 CFU/g (average preference of 0.30, 95% CI: 0.21 -0.39; Figure 4A, Table S2). The female motivation for egg laying was similar across choice modalities (Figure 4B, Table S2). S3), the results being similar when including only cages with >15 eggs (Figure S4). Drosophila busckii females' preference also dropped significantly to 0.38 on average in presence of 10 9 CFU/g Btk (95% CI: 0.28 -0.49; Figure 5C, Table S5). The female motivation for egg laying of the two species was independent of the choice they were offered (Figures 5B,D; Figure S4; Tables S3,S5).

Discussion

When offered the choice between laying eggs on uncontaminated substrates or on Btk contaminated substrates, females of four strains of Drosophila melanogaster and of D. busckii and D. suzukii expressed avoidance of the Btk bioinsecticide. These oviposition responses were independent of confounding differences in the female motivation for egg laying. Since only non-ageing mated females were used during a short experimental period, this excludes the potential confounding effects of the female mating status and disturbance by male courtship, of sensory ageing impairing the ability to discriminate between food substrates, and of general ageing influencing the number of eggs laid.

Drosophila melanogaster strains avoided the bioinsecticide in a dose-dependent manner, and the three wild-type strains (Canton-S, Nasrallah, and Sefra) showed a stronger avoidance of the highest bioinsecticide dose than the YW double mutant strain. The smaller avoidance amplitude by YW females coincides with the fact that the yellow and white mutations affect the flies' non-social and social behaviour and their ability to learn with olfactory cues. [START_REF] Bastock | A gene mutation which changes a behavior pattern[END_REF][START_REF] Anaka | The white gene of Drosophila melanogaster encodes a protein with a role in courtship behaviour[END_REF][START_REF] Simon | A simple assay to study social behavior in Drosophila: measurement of social space within a group[END_REF][START_REF] Myers | Mutants of the white ABCG transporter in Drosophila melanogaster have deficient olfactory learning and cholesterol homeostasis[END_REF] The invasive Asian species, Drosophila suzukii, exhibited a strong (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this preprint this version posted March 7, 2023. ; https://doi.org/10.1101/2023.03.07.531532 doi: bioRxiv preprint avoidance as the wild-type D. melanogaster Canton-S, although this species underwent an evolutionary shift in the bitter taste perception and oviposition preferences in the presence of microorganisms compared to other frugivorous Drosophila species. [START_REF] Dweck | Evolutionary shifts in taste coding in the fruit pest Drosophila suzukii[END_REF][START_REF] Sato | Drosophila suzukii avoidance of microbes in oviposition choice[END_REF] The third tested species, the opportunistic frugivorous Drosophila busckii, from the subgenus Dorsilopha, belongs to the Drosophila cosmopolitan guild of domestic species along with D. melanogaster and is specialized on vegetables. [START_REF] Atkinson | Breeding site specificity in the domestic species of Drosophila[END_REF] This species was the least avoidant, indicating that, although the bioinsecticide avoidance was general to our study, there was inter-species variability within the cosmopolitan guild.

Drosophila melanogaster behavioural avoidance of Btk bioinsecticide was detectable as early as 2 hours after the choice test onset, with increasing amplitude in the following few hours. The time scale of our results is consistent with previous reports of rapid learned avoidance towards pathogenic bacteria previously observed in D. melanogaster [START_REF] Babin | Fruit flies learn to avoid odours associated with virulent infection[END_REF] and Caenorhabditis elegans. [START_REF] Zhang | Pathogenic bacteria induce aversive olfactory learning in Caenorhabditis elegans[END_REF] The avoidance of the bioinsecticide may have started even earlier during the choice test, yet counting laid eggs does not allow a fine time resolution since a robust result requires substantial numbers of laid eggs. A video tracking of the fly positions in the cage might indicate whether females innately avoided Btk bioinsecticide (i.e. from the test onset) or were initially attracted to it and shifted their preference during the test, although Drosophila positional and oviposition preferences do not necessarily match. [START_REF] Joseph | Oviposition preference for and positional avoidance of acetic acid provide a model for competing behavioral drives in Drosophila[END_REF] Nevertheless, our study showed that the expression of Btk bioinsecticide avoidance is rapid on a fly's lifetime scale. The female decision-making for oviposition is a highly complex and dynamic trait that combines several parameters: the female's genotype and experience of the oviposition substrates, [START_REF] Babin | Fruit flies learn to avoid odours associated with virulent infection[END_REF][START_REF] Mery | Experimental evolution of learning ability in fruit flies[END_REF][START_REF] Miller | Natural variation in decision-making behavior in Drosophila melanogaster[END_REF][START_REF] Mcconnel | Foraging" for a place to lay eggs: a genetic link between foraging behaviour and oviposition preferences[END_REF] the presence at oviposition sites of the male-derived aggregation pheromone transmitted to females during mating and emitted by recently mated females and of the deterring host marking pheromone, [START_REF] Bartelt | 1985 cis-vaccenyl acetate as an aggregation pheromone in Drosophila melanogaster[END_REF][START_REF] Wertheim | Effects of aggregation pheromone on individual behaviour and food web interactions: a field study on Drosophila[END_REF][START_REF] Elsensohn | Social signals mediate oviposition site selection in Drosophila suzukii[END_REF] the social transmission of oviposition substrate preferences between females [START_REF] Sarin | Social learning about egg-laying substrates in fruitflies[END_REF][START_REF] Battesti | Spread of social information and dynmaics of social transmission within Drosophila groups[END_REF][START_REF] Battesti | Biased social transmission in Drosophila oviposition choice[END_REF] and of other information linked to substrate quality (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this preprint this version posted March 7, 2023. ; https://doi.org/10.1101/2023.03.07.531532 doi: bioRxiv preprint (presence of larvae and faeces), [START_REF] Elsensohn | Social signals mediate oviposition site selection in Drosophila suzukii[END_REF]74,75] the presence of specific commensal microorganisms, [START_REF] Sato | Drosophila suzukii avoidance of microbes in oviposition choice[END_REF]76] the amplification of pheromone aggregation signal in infected flies by pathogenic bacteria [77] and the group size. [78] In addition, the texture of the oviposition substrate also plays an important role in the female oviposition decisions. [START_REF] Sato | Drosophila suzukii avoidance of microbes in oviposition choice[END_REF]79] In our study system, the bioinsecticide or Ringer buffer addition to the fly medium changed similarly the texture of the food substrate and did not change its pH. [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] Behavioural avoidance was observed consistently for all the strains and species at the highest tested dose, 10 9 CFU/g of Btk bioinsecticide, and at 10 8 CFU/g for D. melanogaster Canton-S and Nasrallah. This mirrors the recent report of development alterations upon chronic exposure to these doses of Btk bioinsecticides, and the smaller bioinsecticide impacts on the emergence rates of D. melanogaster YW and D. busckii compared to other D. melanogaster strains and D. suzukii. [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] While the dose 10 9 CFU/g, which is 1,000 times above the manufacturer's recommendations, seems unrealistic in the field, the dose 10 8 CFU/g (equivalent to a field application of 1.4×10 7 CFU/cm 2 ) [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] is reachable under current agriculture and horticulture practices where repeated applications are usually recommended (up to 8 authorized applications [80,81] www.certiseurope.fr; www.certisusa.com). Indeed, Bt spores and toxins naturally persist and could accumulate in the field [START_REF] Enger | Evaluating the long-term persistence of Bacillus spores on common surfaces[END_REF][START_REF] Hung | a Persistence of detectable insecticidal proteins from Bacillus thuringiensis (Cry) and toxicity after adsorption on contrasting soils[END_REF][START_REF] Hung | b Fate of insecticidal Bacillus thuringiensis Cry protein in soil: differences between purified toxin and biopesticide formulation[END_REF]82] and bioinsecticide products contain protective compounds to lengthen their activity after field application. [80,83] Very recently, doses close to 10 8 CFU/g have been measured in honey bee matrices and flowers after the field application of the maximum recommended Bt bioinsecticide dose and concentrations up to 10 7 CFU/g still persisted two days after application. [84] Expression of behavioural avoidance toward Btk bioinsecticide was observed with the regular suspension, as well as with the dialyzed suspension and each of its fractions independently. This excludes a role in the avoidance of small molecular weight compounds of (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.
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From the point of view of females' offspring, the oviposition avoidance of Btk bioinsecticide alleviates the cost of developing under chronic bioinsecticide exposure. Indeed, the growth and gut physiology of D. melanogaster larvae is already dramatically disturbed at 5×10 7 CFU/g of Btk bioinsecticide. [START_REF] Nawrot-Esposito | Bacillus thuringiensis bioinsecticides induce developmental defects in non-target Drosophila melanogaster larvae[END_REF] In addition, emergence rates of D. melanogaster strains developing on 10 8 CFU/g of Btk bioinsecticide dropped by up to 81% compared to unexposed controls and groups exposed to only 10 6 CFU/g. [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] The development success was even null at the highest tested dose of Btk bioinsecticide, 10 9 CFU/g. [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] Avoidance of Btk bioinsecticide by females while searching for oviposition sites would thus increase their inclusive fitness, since more of their progeny would have a chance to develop and reach the adult stage and (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.
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melanogaster genotypes and Drosophila species may modify their competitive interactions in Btk-treated areas. Interestingly, variations in avoidance strength have already been observed for carbon dioxide and other odorants indicating the stage of the fruit ripeness. These observations reflect the biological differences in feeding, mating, and oviposition between Drosophila species specialized on overripe fruits (several genotypes of D. melanogaster, D. yakuba, D. pseudobscura, D. virilis) and D. suzukii specialized on ripening fruits. [87,88] In our study, the smaller amplitude of Btk bioinsecticide avoidance of the opportunistic D. busckii, combined with its lower developmental susceptibility to chronic bioinsecticide exposure [START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] suggest that Btk applications might not dramatically affect the field presence of this species in the Drosophila community. By contrast, the high susceptibility of D. suzukii to developmental alterations upon chronic exposure to bioinsecticide [START_REF] Cossentine | Biological activity of Bacillus thuringiensis in Drosophila suzukii (Diptera: Drosophilidae)[END_REF][START_REF] Babin | Differential sideeffects of Bacillus thuringiensis bioinsecticide on non-target Drosophila flies[END_REF] combined with the females' amplitude of oviposition avoidance, suggest that developmental alterations could be alleviated by avoidance of Btk-treated areas. Despite the fact that D. melanogaster and D. suzukii have different niche specializations, their potential indirect interactions would be displaced mostly to untreated areas since both species avoid strongly the bioinsecticide for egg laying. The population dynamics of their natural enemies (predators and parasites) would be impacted by the changes in the location of their prey/host populations, in addition to be impacted directly by the bioinsecticide as previously reported for two species of D. melanogaster parasitoids. [93] Indirectly, our results further suggest that Btk bioinsecticide application may be useful as a repellent to D. suzukii in orchards and gardening, but it may not be an efficient tool to control populations of this invasive fly and comes with side-effects on other non-target species. 

  (a) Drosophila melanogaster expressed a rapid, dose-dependent oviposition avoidance of Btk bioinsecticide The presence of Btk bioinsecticide impacted the oviposition preference of D. melanogaster females over 18h compared to the controls without bioinsecticide, yet with varying amplitudes between fly strains (Figure 1; Table
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 3 Figure 3. Dynamics of Drosophila melanogaster Canton-S female (A) oviposition preference
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