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Abstract 13 

BACKGROUND: Drosophila suzukii has dispersed widely from its native Asian range since 2008. Its arrival in 14 

the UK is resulting in economic losses in soft- and stone-fruit crops caused by larvae feeding on the flesh of 15 

ripening fruit. Although a large amount of research has been directed at controlling this pest, it is presently 16 

unknown how this invasive species interacts with native Drosophila species.  17 

RESULTS: In the work reported here Drosophila suzukii or Drosophila melanogaster adults were introduced to 18 

substrates, pre-inoculated with the eggs of the same or other species in a laboratory choice assay. D. melanogaster 19 

adult emergence was not affected by the pre-inoculation of D. suzukii. D. suzukii was significantly lower from 20 

media pre-inoculated by D. melanogaster than from blank media. In a following experiment, significantly more 21 

D. suzukii eggs were laid in blank media than in D. melanogaster pre-inoculated media. 22 
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CONCLUSION: The presence of D. melanogaster in a substrate significantly reduced D. suzukii emergence and 23 

egg laying. This study opens future research questions on how this reduction mechanism is driven and how it 24 

could be exploited as part of future Integrated Pest Management practices. 25 

 26 
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1 INTRODUCTION 50 

Drosophila suzukii Matsumura (D. suzukii) is a relatively new invasive pest of soft-, stone- and ornamental-fruit 51 

worldwide. Originally from Asia (1), this dipteran has dispersed globally since 2008 spreading across the 52 

Americas and Europe (2-5) aided by imported, infested fruit containing eggs and larvae (6). The females’ serrated 53 

oviscapts (7, 8) cuts into the skin of healthy soft fruits to deposit eggs under the fruit epicarp. Once laid, the egg 54 

hatches and larval instars consume the fruit from within causing it to collapse (7, 8). The presence of the pest in 55 

fruit, even at low levels, can make it unmarketable. 56 

The need to control D. suzukii populations has caused changes in cropping management practices, resulting in the 57 

re-establishment of routine spray programmes (9). This chemical approach disrupts Integrated Pest Management 58 

(IPM), disturbing biological control methods for other pests such as parasitoids and predatory mites (10). 59 

Although chemical control is able to reduce D. suzukii infestation, increasing restrictions on chemical approvals 60 

and an overall population increase of D. suzukii has driven research efforts into alternative methods of control 61 

(11).  62 

Exploitative competition causes a reduction in the availability of resources and generally results in population 63 

reduction of one or both species involved. As D. suzukii and D. melanogaster occupy overlapping niches, it is 64 

realistic to presume some form of exploitative competition will occur between the two. Late in the commercial 65 

growing season it is not uncommon to find both species utilising overripe fruit for egg laying. The impact that the 66 

arrival of D. suzukii is having on native Drosophila species is currently unknown. Publications that focus on direct 67 

and indirect interactions of alien insects on native fauna and flora and competition for resources between inter- 68 

and intra-species are well documented (12). However, typically these focus on the ‘socio-economically important’ 69 

native species such as pollinators (including butterflies) and predators (13). Although native Drosophila are 70 

generally regarded as a nuisance in commercial crops they do play a vital role in most ecosystems, aiding the 71 

degradation of organic matter and providing a food source for many organisms (14). The aim of this study was to 72 

investigate whether the presence of D. suzukii or D. melanogaster would disrupt offspring emergence of the 73 

opposing species and the mechanism of this disruption.  74 

2 EXPERIMENTAL METHODS 75 

2.1 Drosophila cultures  76 
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D. suzukii cultures were established at NIAB EMR, Kent, UK, from an Italian strain collected in 2013. Culture 77 

cages (30 x 30 x 30 cm) containing populations of D. suzukii were held at 25°C in a 16h:8h light/dark cycle and 78 

fed a standard cornmeal diet (100 % dH2O, 1 % Fisher agar, 9 % table sugar, 9 % precooked ground maize, 2 % 79 

baker’s yeast, 0.2 % methylparaben, dissolved in 10 ml 70% ethanol). Flies had unrestricted access to water and 80 

were periodically provisioned with pesticide free raspberry fruit grown at NIAB EMR (mixed varieties) previously 81 

frozen to eliminate naturally occurring Drosophila. 82 

D. melanogaster cultures were established from a wild type culture purchased from Blades Biologicals 83 

(http://www.blades-bio.co.uk/) maintained in the same environmental conditions and provided with the same 84 

resources as D. suzukii. 85 

 86 

2.2 Next generation emergence experiments 87 

The next generation emergence experiments were repeated three times; once with the standard cornmeal media 88 

(19/05/2015) and twice on fresh raspberry fruit (16/10/2015 and 29/07/2016). 89 

 90 

2.2.1 Cornmeal (Experiment 1) 91 

The standard cornmeal media (as above) was made 24 hours before commencing the trial. Petri dishes (55 mm x 92 

14 mm Thermo Scientific Sterilin PF55 disposable, polyethylene, non-vented) were filled with media and left to 93 

cool under a fume hood for one hour before lids were replaced. Dishes were stored in 5°C overnight and were 94 

moved into 25°C one hour before commencing the experiment. 95 

 96 

2.2.2 Raspberry (Experiment 2 and 3) 97 

Raspberries grown at NIAB EMR were collected three days before commencing the experiment. Ripe cv. 98 

‘Autumn Treasure’ and ‘Autumn Amber’ fruits were washed under distilled water for 30 seconds and then left to 99 

dry on trays within the quarantine facility at NIAB EMR for 30 minutes. Fruits had received minimal insecticidal 100 

sprays in both years (12/06/15 Thiacloprid, 21/07/15 Deltamethrin, 24/7/15 and 07/08/15 Abarmectin, 07/06/16 101 

Pymetrozine, 21/06/16 Thiacloprid), with the final application for both years being Spinosad 04/09/15 and 102 
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22/07/16 with a harvest interval of 3 days. Once dry, the fruit was transferred to punnets and stored at 5°C for 103 

three days in order for the fruit to start degrading as D. melanogaster is unable to exploit intact fruit. An hour 104 

prior to starting the experiment raspberries were transferred to 55 mm Petri dishes and held at 25°C. Two 105 

raspberries, one of each variety, were allocated per dish. 106 

 107 

2.2.3 Experimental set-up 108 

The experiment was conducted in a contained chamber within the insect quarantine facility at NIAB EMR in the 109 

same conditions as the Drosophila cultures (25°C in a 16h: 8h light/dark cycle). A Petri dish of either the cornmeal 110 

media or raspberries was transferred into a 12 x 7 x 7 cm ventilated Perspex box. All Drosophila were held on a 111 

cold table to immobilise them for a maximum of three minutes while sex was identified. For both species, males 112 

were identified by the presence of sex combs and females by the oviscapt morphology. For the first inoculation, 113 

five female and two male adults (3-7 days old) were transferred to the Perspex boxes. In treatment 1, D. 114 

melanogaster adults were added and for treatments 2 and 3, D. suzukii adults were added (Figure 1). For each 115 

experiment, six replicates of each of the three treatments were done. Immobilised flies were held by the wings 116 

and transferred individually with soft forceps to the base of the ventilated box. Flies were not placed on the 117 

substrate as in some cases females expel eggs when chilled and this would have interfered with the objective of 118 

the experiment. Lids were returned to the Perspex box and sealed closed with electrical tape. All boxes were 119 

checked 10 minutes after flies had been added to ensure all were mobile and had recovered from chilling. 120 

Forty eight hours after the first inoculation, all adult flies were removed from the boxes with an electric pooter. A 121 

new, blank Petri dish of either the cornmeal media or raspberry fruit was added to the box. For all treatments, 122 

boxes now contained two substrate dishes: one pre-inoculated and one with blank media. Flies were once again 123 

immobilised on a cold table. For the second inoculation, five female and two male D. melanogaster adults were 124 

added to treatment 2, five female and two male D. suzukii adults were added to treatments 1 and 3 (Figure 1). As 125 

before, lids were sealed with electrical tape and were checked 10 minutes after flies had been added to ensure 126 

recovery. 127 

Forty eight hours after the second inoculation all flies were removed from the boxes with an electric pooter. Single 128 

Petri dishes were then moved into individual ventilated Perspex boxes (6 x 6 x 6 cm) and stored at 25°C for the 129 

remainder of the experiment. As D. melanogaster and D. suzukii have different development times the duration 130 
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of the experiments was critical. At 25°C D. melanogaster takes a minimum of 7 days from egg laying to the next 131 

generation adult emergence and a further 48 hours before newly emerged females are able to oviposit viable eggs 132 

(15). This would mean a third generation would emerge after a minimum of 16 days. The minimum development 133 

time for D. suzukii at 25°C is 11 days (16). To prevent counting the third generation of D. melanogaster but to 134 

allow enough time for D. suzukii to emerge, Petri dishes were frozen 15.5 days after the first inoculation. 135 

A control sample of fruit was taken for both raspberry experiments to determine the presence of natural infestation 136 

of D. suzukii and was monitored for 21 days from the start of each experiment. 137 

 138 

2.2.4 Assessments 139 

After freezing, counts of emerged D. suzukii and D. melanogaster adult offspring were done under a dissecting 140 

microscope to identify species and sex.  141 

2.2.5 Statistical analysis 142 

Counts for each species, experiment and treatment (inoculated or blank substrate) were analysed separately using 143 

ANOVA to compare relative numbers of D. suzukii and D. melanogaster in each substrate for each treatment. A 144 

square-root transformation was used to stabilise for variance. Strictly the experiments are laid out as split-plot 145 

designs with pre/post counts. However, when they were analysed as such, there was no evidence that the variance 146 

between dishes was larger than variance between the repeat measurements on the same dish, so the “paired” nature 147 

of the design was ignored and within-, and between-, dish variances pooled. This also gave more degrees of 148 

freedom for significance testing 149 

 150 

2.3 Female D. suzukii oviposition choice experiment 151 

The D. suzukii oviposition choice experiment was done once (07/08/17) and followed methodology for 2.2.1 152 

Cornmeal (experiment 1) preparation.  153 

2.3.1 Experimental set-up 154 

The experiment was held in the environmental conditions stated in 2.2.3. Twenty Petri dishes containing cornmeal 155 

media were transferred into a 20 x 20 x 20 cm bug dorm. Fifty mated male and female D. melanogaster were 156 
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added to the bug dorm. Forty eight hours after the inoculation, all Petri dishes were removed from the bug dorm 157 

and the number of egg cases (hatched and unhatched) counted under a microscope at X12 magnification. Ten Petri 158 

dishes containing between 6-20 egg cases were transferred individually into 12 x 7 x 7 cm ventilated Perspex 159 

boxes. This was to ensure media was not too densely populated initially. A new, blank Petri dish of the cornmeal 160 

media was added to each box. Boxes now contained two Petri dishes: one pre-inoculated and one with blank 161 

media. D. suzukii were immobilised on a cold table before five female and two male adults (3-7 days old) were 162 

transferred, by the wing, to each of the Perspex boxes. Lids were sealed with electrical tape and were checked 10 163 

minutes after flies had been added to ensure recovery. 164 

 165 

2.3.2 Assessments 166 

Forty eight hours after the second inoculation all flies were removed from the boxes and the number of egg cases 167 

counted. The number of egg cases counted after the removal of D. melanogaster was subtracted from the total 168 

number of egg cases after the removal of D. suzukii to obtain the number laid by D. suzukii in the pre-inoculated 169 

Petri dishes. In the blank Petri dishes egg cases were presumed to be D. suzukii as they are immobile and had not 170 

been exposed to any other egg laying females. Larval counts were not taken as they are mobile and could have 171 

migrated from one dish to the other.  172 

2.3.3 Statistical analysis 173 

The difference between the number of D. suzukii eggs in the pre-inoculated and blank media was analysed using 174 
a paired t-test.  175 

 176 

3 RESULTS 177 

In the next generation experiments no D. suzukii emerged from the control fruit confirming the raspberries used 178 

did not contain a background infestation of D. suzukii. D. melanogaster and D. suzukii emerged from both the 179 

media and raspberry fruit experiments verifying that the fruit had degraded enough to allow D. melanogaster 180 

oviposition.  181 

In all repeats of the experiment there was emergence of the first inoculated Drosophila species, although very low 182 

numbers of D. suzukii emerged from the first raspberry experiment (treatments 2 and 3) (results not shown). 183 
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Results from all three experiments are presented in Figures 2-4. Significantly more D. suzukii adults emerged 184 

from blank media that contained no eggs initially than media pre-inoculated with D. melanogaster (Figure 2) 185 

(Experiment 1, F₁,₈ = 8.06; P = 0.022. Experiment 2, F₁,₁₀ = 159.26; P = < 0.001. Experiment 3, F₁,₁₀ = 14.66; P 186 

= 0.03). There was no significant difference between the numbers of D. melanogaster that emerged from blank 187 

media or the D. suzukii pre-inoculated media (Figure 3). There was also no significant difference between the 188 

numbers of D. suzukii that emerged from blank media compared to media that had previously been exposed to 189 

other D. suzukii (Figure 4). Hence, D. suzukii emergence was significantly reduced by the presence of D. 190 

melanogaster, but D. melanogaster emergence was not affected by the presence of D. suzukii.  191 

Significantly more D. suzukii eggs were counted in blank media (mean 24 eggs) than in media pre-inoculated by 192 

D. melanogaster (average 3 eggs) in the female oviposition choice experiment (Figure 5) (t₉ = -3.122; P = 0.012).  193 

4 DISCUSSION 194 

The original aim of this study was to investigate whether the presence of an opposing species in oviposition 195 

substrates would disrupt offspring emergence. In the next generation emergence experiments, D. melanogaster 196 

emergence was not affected by D. suzukii as there was no significant difference in emergence from pre-inoculated 197 

and blank media. When given a choice, female D. melanogaster oviposited in pre-inoculated media even when 198 

offered a resource free from D. suzukii. As with many native Drosophila species, D. melanogaster utilise damaged 199 

and decomposing fruit for egg laying and may not perceive the presence of another species as detrimental.  200 

D. suzukii next generation emergence was significantly lower from substrates pre-inoculated with D. 201 

melanogaster compared to a blank media. It is suggested that this could be due to cannibalistic tendencies of some 202 

Drosophila species which occurs when nutrition is restricted (17). Morphological defects can be a visual 203 

indication that cultures have been maintained on diets lacking nutrition (18). Although no quantitative 204 

measurements were taken, there was no noticeable reduction in body and wing size in our competition experiment 205 

to indicate diet restriction which promotes cannibalism, or in this case, interspecific predation. However, 206 

Bhattacharyya (19, 20) found that a ‘basal level of cannibalism’ did occur in D. melanogaster cultured on a 207 

standard yeast/sugar diet, with younger larvae predating on those preparing to pupate. As D. melanogaster 208 

develops to the pupal stage faster than D. suzukii, interspecific predation would tend to cause a reduction in 209 

emergence of D. melanogaster and not D. suzukii, as found in this study. Such direct interactions between the two 210 

species are therefore unlikely to explain why D. suzukii emergence was lower from media pre-inoculated with D. 211 

melanogaster. 212 
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In our third treatment in the next generation emergence experiment, D. suzukii females were given a choice of 213 

blank media or media pre-inoculated with the eggs and larvae of conspecifics. There was no significant difference 214 

in emergence from these two media options. If significantly more D. suzukii emerged from the pre-inoculated 215 

media, it could have indicated oviposition aggregation pheromones as found in some Drosophila species (21, 22). 216 

However, in wild populations, if given a choice, D. suzukii eggs are typically deposited either singly into fruit or 217 

in very small clutches (23) indicating D. suzukii preference for oviposition sites low in egg counts or free from 218 

both D. melanogaster and conspecifics. 219 

A recent study by Dancau et al, (24) investigated whether the direct exploitative competition of D. melanogaster 220 

could supress D. suzukii numbers at various densities in mixed culture settings over multiple generations. In 221 

pairwise, small group and cage settings they also found that the presence of D. melanogaster significantly reduced 222 

adult D. suzukii emergence in no choice experiments. However, within this study the authors do not identify the 223 

mechanism that causes this reduction stating “The mechanism may have been larval–larval interference or adult 224 

competitive exclusion of D. suzukii from the oviposition resource by D. melanogaster”. 225 

To identify the point at which competition occurred, a female D. suzukii oviposition choice experiment was done. 226 

In this assay we found, on average, 23 D. suzukii eggs on blank media compared with an average of 3 D. suzukii 227 

eggs on media that had been pre-inoculated by D. melanogaster. This finding does not eliminate the possibility 228 

of larval competition but does indicate a reluctance of female D. suzukii to lay eggs where there are eggs of D. 229 

melanogaster initially. It does not remove the possibility that the reduction may be due to the D. melanogaster 230 

larvae predating on D. suzukii eggs. However, as previously discussed, cannibalism or interspecific predation 231 

primarily occurs in either low nutrient media or highly populated substrates on older immobile larvae. 232 

Vijendravarma et al, (18) found that to promote cannibalism larval density had to exceed 15 larvae per gram of 233 

standard media. In our experiments an average of 10 grams of standard media was used meaning to promote 234 

cannibalism each dish would need larval densities of 150 larvae. The highest possible density in the pre-inoculated 235 

media was 3.4 larvae per gram, 4.4 times lower than that to promote predation. 236 

 237 

From our results we can conclude that a reduction in D. suzukii emergence from D. melanogaster pre-inoculated 238 

media was at least partly due to female oviposition choice. In natural conditions, the niche that D. suzukii occupies 239 

means they do not normally need to compete with other Drosophila species for egg laying resources until ripening 240 

fruit become scarce. However, in assays performed by Bernardi et al. (25) when given a choice of varying fruit 241 
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ripeness, and with no competition, significantly more D. suzukii eggs were laid and adults emerged from ripe and 242 

overripe fruit compared to ripening; a trend also found by Lee et al. in comprehensive investigations (26, 27). 243 

There was also no significant attraction preference to under- ripe fruit volatiles in comparison to ripe or over-ripe 244 

volatiles in approach assays (28). Keesey et al. (28) discus the point that ripening fruit volatiles alone do not 245 

explain or indicate D. suzukii’s preferences for ripening fruit as an oviposition site.  246 

Cis-vaccenyl acetate (cVA) is a complex, multifunctional, male-produced pheromone used in courtship, 247 

aggression and aggregation signalling in most Drosophila species (29). However, cVA appears to have a 248 

disruptive effect on D. suzukii, and when applied to males, resulted in reduced mating (30). This change in 249 

pheromone perception in D. suzukii could be the reason females oviposit into under ripe fruit when other species 250 

have utilised overripe, detectable by the presence of cVA or similar olfactory cue. If so, it is possible that the 251 

volatiles released by pre-inoculated resources could act as a natural repellent to female D. suzukii searching for 252 

oviposition sites. This would suggest that D. suzukii utilise under-ripe fruit for oviposition to reduce competition 253 

with other Drosophila even though, when there is no competition, riper fruits would be preferable. Olfactory 254 

repellents have been used for many years to deter biting insects such as mosquitoes and have been successful in 255 

reducing oviposition in laboratory assays in some crop pest insects including cabbage moth, Mamestra brassicae 256 

(31) and sweet potato whitefly, Bemisia tabaci Gennadius (32). Although there is a range of possible oviposition 257 

repellents for D. suzukii control, none are based on volatiles of pre-inoculation. If D. suzukii females avoid laying 258 

eggs in fruit that has been previously infested then it may be possible to synthetically produce compounds or other 259 

signal characteristic of infested fruit and use them as egg laying repellents. 260 

 261 

5 CONCLUSION 262 

Adult D. suzukii emergence was reduced from media pre-inoculated by D. melanogaster females. Also, fewer D. 263 

suzukii eggs were found in media pre-inoculated by D. melanogaster. It appears that this reduction is due to female 264 

D. suzukii depositing fewer eggs in these pre-inoculated substrates. D. melanogaster emergence was not reduced 265 

by D. suzukii presence and so concerns for the reduction in wild populations of this species are currently 266 

unwarranted. Further investigation into the exact point of competition is needed to understand the interactions 267 

between these two species. The potential of inter-species competition could be exploited as a control method if 268 

the mechanisms driving repellence are understood  269 

10 
 



 270 
6 ACKNOWLEDGEMENTS 271 

Thanks to the Agriculture and Horticulture Development Board and the University of Southampton for funding 272 

this research. A special thanks to the NIAB EMR staff and the Spotted Wing Drosophila Working Group for help 273 

and support with this work, especially Janie Morton and Sean Robbins for help with the assessments. Finally 274 

thank you Charlie Hurdle, Tony Richardson and Glen Powell for proof reading.  275 

11 
 



7 REFERENCES 276 

1. Kanzawa T. Research into the Fruit-fly Drosophila suzukii Matsumura (Preliminary Report) (S. 277 
Kawai, Trasnlator). Yamanashi Prefecture Agricultural Experiment Station Report. (1935). 278 

2. CABI. Invasive Species Compendium.   [cited 2015 7 October 2016]; Available from: 279 
http://www.cabi.org/isc/datasheet/109283. 280 

3. Asplen MK, Anfora G, Biondi A, Choi DS, Chu D, Daane KM, et al. Invasion biology of spotted 281 
wing Drosophila (Drosophila suzukii): a global perspective and future priorities. Journal of Pest 282 
Science. 88:469-94, (2015). 283 

4. Calabria G, Máca J, Bächli G, Serra L, Pascual M. First records of the potential pest species 284 
Drosophila suzukii (Diptera: Drosophilidae) in Europe. Journal of Applied Entomology. 136:139-47, 285 
(2012). 286 

5. Lee JC, Bruck DJ, Dreves AJ, Ioriatti C, Vogt H, Baufeld P. In Focus: Spotted wing drosophila, 287 
Drosophila suzukii, across perspectives. Pest management science. 67:1349-51, (2011). 288 

6. Cini A, Anfora G, Escudero-Colomar LA, Grassi A, Santosuosso U, Seljak G, et al. Tracking the 289 
invasion of the alien fruit pest Drosophila suzukii in Europe. Journal of Pest Science. 87:559-66, 290 
(2014). 291 

7. Atallah J, Teixeira L, Salazar R, Zaragoza G, Kopp A. The making of a pest: the evolution of a 292 
fruit-penetrating ovipositor in Drosophila suzukii and related species. Proc Biol Sci. 281:20132840, 293 
(2014). 294 

8. Walsh DB, Bolda MP, Goodhue RE, Dreves AJ, Lee J, Bruck DJ, et al. Drosophila suzukii 295 
(Diptera: Drosophilidae): Invasive Pest of Ripening Soft Fruit Expanding its Geographic Range and 296 
Damage Potential. Journal of Integrated Pest Management. 2:1-7, (2011). 297 

9. Roubos CR, Rodriguez-Saona C, Isaacs R. Mitigating the effects of insecticides on arthropod 298 
biological control at field and landscape scales. Biological Control. 75:28-38, (2014). 299 

10. Fountain MT, Medd N. Integrating pesticides and predatory mites in soft fruit crops. 300 
Phytoparasitica. 43:657-67, (2015). 301 

11. Fountain MT, Cross JV, Buss D, Shaw B, Morton J, Hopson K, et al. Understanding and 302 
developing methods for managing spotted wing drosophila (SWD) in the UK: Vital research to 303 
maintain the viability of the UK fruit industry: NIAB-EMR2016 March 2016. Report No.: 3, Annual 304 
Report for AHDB. 305 

12. Rodrigues LR, Duncan AB, Clemente SH, Moya-Larano J, Magalhaes S. Integrating 306 
Competition for Food, Hosts, or Mates via Experimental Evolution. Trends Ecol Evol. 31:158-70, 307 
(2016). 308 

13. McGeoch MA, Lythe MJ, Henriksen MV, McGrannachan CM. Environmental impact 309 
classification for alien insects: a review of mechanisms and their biodiversity outcomes. Current 310 
Opinion in Insect Science. 12:46-53, (2015). 311 

14. Markow TA. The secret lives of Drosophila flies. Elife. 4(2015). 312 

15. Tyler MS. Development of the Fruit Fly. In: Second, editor. Developmental Biology, A Guide 313 
for Experimental Study,: Sinauer Associates, Inc. ; p. 85 (2000). 314 

12 
 

http://www.cabi.org/isc/datasheet/109283


16. Hamby KA, E. Bellamy D, Chiu JC, Lee JC, Walton VM, Wiman NG, et al. Biotic and abiotic 315 
factors impacting development, behavior, phenology, and reproductive biology of Drosophila 316 
suzukii. Journal of Pest Science. 89:605-19, (2016). 317 

17. Ahmad M, Chaudhary SU, Afzal AJ, Tariq M. Starvation-Induced Dietary Behaviour in 318 
Drosophila melanogaster Larvae and Adults. Sci Rep. 5:14285, (2015). 319 

18. Vijendravarma RK, Narasimha S, Kawecki TJ. Effects of parental larval diet on egg size and 320 
offspring traits in Drosophila. Biol Lett. 6:238-41, (2010). 321 

19. Bhattacharyya D. "Pack Hunting" or "Social Digestion" as a possible cause of lerval clustering 322 
associated with the evolution of cannibalistic behaviour in Drosophila species larvae. Dros Inf Serv. 323 
98:107-11, (2015). 324 

20. Bhattacharyya D. Further evidence of cannibalism and partial carnivorism in Drosophila 325 
species larvae. Dros Inf Serv. 98:99-103, (2015). 326 

21. Wertheim B. Ecology of Drosophila aggregation pheromone: Wageningen University; (2001). 327 

22. Symonds MR, Wertheim B. The mode of evolution of aggregation pheromones in Drosophila 328 
species. J Evol Biol. 18:1253-63, (2005). 329 

23. Mitsui H, Takamori KH, Kimura MT. Spatial distributions and clutch sizes of Drosophila 330 
species ovipositing on cherry fruits of different stages. Population Ecology. 48:233-7, (2006). 331 

24. Dancau T, Stemberger TLM, Clarke P, Gillespie DR. Can competition be superior to parasitism 332 
for biological control? The case of spotted wing Drosophila (Drosophila suzukii), Drosophila 333 
melanogaster and Pachycrepoideus vindemmiae. Biocontrol Science and Technology. 27:3-16, 334 
(2016). 335 

25. Bernardi D, Andreazza F, Botton M, Baronio CA, Nava DE. Susceptibility and Interactions of 336 
Drosophila suzukii and Zaprionus indianus (Diptera: Drosophilidae) in Damaging Strawberry. Neotrop 337 
Entomol. 46:1-7, (2016). 338 

26. Lee JC, Bruck DJ, Curry H, Edwards D, Haviland DR, Van Steenwyk RA, et al. The susceptibility 339 
of small fruits and cherries to the spotted-wing drosophila, Drosophila suzukii. Pest Manag Sci. 340 
[Research Support, U.S. Gov't, Non-P.H.S.]. 67:1358-67, (2011). 341 

27. Lee JC, Dalton DT, Swoboda-Bhattarai KA, Bruck DJ, Burrack HJ, Strik BC, et al. 342 
Characterization and manipulation of fruit susceptibility to Drosophila suzukii. Journal of Pest 343 
Science. 89:771-80, (2015). 344 

28. Keesey IW, Knaden M, Hansson BS. Olfactory specialization in Drosophila suzukii supports an 345 
ecological shift in host preference from rotten to fresh fruit. J Chem Ecol. 41:121-8, (2015). 346 

29. Datta SR, Vasconcelos ML, Ruta V, Luo S, Wong A, Demir E, et al. The Drosophila pheromone 347 
cVA activates a sexually dimorphic neural circuit. Nature. 452:473-7, (2008). 348 

30. Dekker T, Revadi S, Mansourian S, Ramasamy S, Lebreton S, Becher PG, et al. Loss of 349 
Drosophila pheromone reverses its role in sexual communication in Drosophila suzukii. Proc Biol Sci. 350 
282:20143018, (2015). 351 

31. Seljåsen R, Meadow R. Effects of neem on oviposition and egg and larval development of 352 
Mamestra brassicae L: Dose response, residual activity, repellent effect and systemic activity in 353 
cabbage plants. Crop Protection. 25:338-45, (2006). 354 

13 
 



32. Bleeker PM, Diergaarde PJ, Ament K, Schutz S, Johne B, Dijkink J, et al. Tomato-produced 7-355 
epizingiberene and R-curcumene act as repellents to whiteflies. Phytochemistry. [Research Support, 356 
Non-U.S. Gov't]. 72:68-73, (2011). 357 

 358 
 359 

14 
 



 

Fig. 1 Visual interpretation of successive steps of the Drosophila species inoculations. Fly with spots on wings 

indicate D. suzukii. Fly without spots indicates D. melanogaster. Dark grey disk represents substrate with eggs 

from first species inoculation. Light grey disks represents new, blank substrate containing no eggs initially  

 



 

Fig. 2 Mean emergence (±S.E.) of D. suzukii adult offspring indicated by grey bars, from either cornmeal media 

(experiment 1) or raspberry fruits (experiment 2 and 3) pre-inoculated with D. melanogaster eggs or blank media. 

White bars display emergence of D. melanogaster pre-inoculation. Different lower case letters indicate significant 

difference between average D. suzukii emergence from inoculated and blank media for each experiment 

 

0

10

20

30

40

50

Pre-inoculated Blank Pre-inoculated Blank Pre-inoculated Blank

Experiment 1 Experiment 2 Experiment 3

A
ve

ra
ge

 e
m

er
ge

nc
e

Treatment and experiment

a

a
a

b

b

b



 

Fig. 3 Mean emergence (±S.E.) of D. melanogaster adult offspring indicated by white bars, from either cornmeal 

media (experiment 1) or raspberry fruits (experiment 2 and 3) pre-inoculated with D. suzukii eggs or blank media. 

Grey bars display emergence D. suzukii of pre-inoculation. NSD between treatments in average D. melanogaster 

emergence from inoculated and blank media for each experiment 
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Fig. 4 Mean emergence (±S.E.) of D. suzukii adult offspring from either cornmeal media (experiment 1) or 

raspberry fruits (experiment 2 and 3) pre-inoculated with D. suzukii eggs or blank media. NSD between treatments 

in emergence from inoculated and blank media for each experiment 
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Fig. 5 Mean number (±S.E.) of D. suzukii eggs laid in either blank or pre-inoculated media indicated by grey 
bars. White bars indicate average number of D. melanogaster eggs in the pre-inoculation treatment. 
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