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Drosophila suzukii preferentially
lays eggs on spherical surfaces
with a smaller radius

Junichi Akutsu & Takashi Matsuo®**

Drosophila suzukii is an agricultural pest that predominantly harms small fruits, having a serrated
ovipositor that is able to pierce the skin of ripening fruits. Its oviposition preference has been
studied from various aspects including chemical and physical properties of oviposition substrates.
However, its preference for certain shapes or sizes of substrates has not been explored. In this study,
we tested the oviposition preference of D. suzukii for artificial oviposition substrates with different
surface curvatures using 27 strains recently established from wild populations collected in Japan. We
found that D. suzukii laid more eggs on a surface with smaller radii (4.8 and 5.7 mm) compared with
larger radii (7.7 and 9.6 mm). We also found that the most preferred radius differed among strains.
Notably, the preference was independent of the volume of substrates, suggesting that D. suzukii uses
the surface curvature as a cue for its oviposition site selection. These results provide an additional
explanation for why D. suzukii preferentially uses small fruits as its oviposition sites.

Drosophila suzukii, the spotted wing Drosophila, is an invasive agricultural pest expanding its range around the
world"?. D. suzukii has a serrated ovipositor that is able to penetrate the skin of ripening fruits and preferentially
damages small fruits>*. D. suzukii uses various cues in its oviposition site selection, including chemical cues
(odorants, tastants, and acidity) and physical cues (colour, firmness, and texture)*?’. Among them, firmness
of the fruit skin has been considered to play an important role in limiting the host range of D. suzukii to small
fruits®. In agreement with the morphological characteristic in its ovipositor, D. suzukii could lay eggs on relatively
harder artificial substrates compared with other Drosophila species!®. In contrast, the much harder skin of large
fruits has been thought to prevent oviposition even by D. suzukii, limiting its hosts to small fruits'-. Although
firmness of the fruit skin explains why D. suzukii cannot harm large fruits, it does not exclude the possibility
that D. suzukii prefers small fruits for other reasons. In fact, its oviposition preference for certain shapes or sizes
of substrates has not been tested experimentally.

In preliminary experiments using artificial oviposition substrates, we accidentally found that D. suzukii laid
more eggs on spherical surfaces than on flat surfaces. In this study, we examined whether D. suzukii prefers a
certain surface curvature, using multiple strains collected in Japan. We also tried to disentangle the effects of
substrate size and surface curvature controlling the volume of substrates independently from the curvature.

Material and methods

D. suzukii strains.  D. suzukii strains were established from wild populations collected at various locations
in Japan during 2019-2021 (Table 1). In most cases, single pairs that emerged from collected host fruits were
used to establish the strains to minimize the influence of possible genetic drift during the laboratory culture by
reducing the initial genetic variation within a strain. Some strains were established using other methods (trap
collection as a source, and a single mated female or multiple pairs as an origin). The strains were cultured in the
same way as for D. melanogaster. Newly eclosed adults were transferred into vials containing standard Dros-
ophila culture medium made of corn meal and glucose and maintained at 20 °C with the 16L:8D light cycle until
the next generation emerged. In this condition, one generation took 3 weeks (17 generations/year). Individuals
used for experiments were reared at 25 °C from the larval stage.

Four-choice assay. Oviposition substrate was made of 2% agar solution (Seakem® LE Agarose, Lonza,
Basel, Switzerland) cast in silicone moulds for UV resin-crafting hobbies, which have hemispherical holes of
various sizes. Oviposition substrates with different surface curvatures of the same volume were prepared by
pouring 200 pl of agar solution into each hole and allowed to solidify (shapes of the oviposition substrates are
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ID Location Date of collection | Host Origin

#1 Hitotsuya, Adachi, Tokyo May, 2020 Cerasus jamasakura | Single pair

#2 Hokima, Adachi, Tokyo May, 2021 Cerasus jamasakura Single pair

#3 Hitotsuya, Adachi, Tokyo May, 2021 Cerasus jamasakura | Single pair

#4 Mizumoto Koen, Katsushika, Tokyo June, 2020 Mulberry Single pair

#5 Kitanomaru Koen, Chiyoda, Tokyo September, 2021 Chinese dogwood Single pair

#6 Oji, Kita, Tokyo May, 2021 Cerasus jamasakura | Single pair

#7 Yayoi, Bunkyo, Tokyo May, 2021 Cerasus jamasakura | Single pair

#8 Yayoi, Bunkyo, Tokyo May, 2021 Cerasus jamasakura | Single pair

#9 Midori, Chiba, Chiba September, 2021 Chinese dogwood Single pair
#10 | Midori, Chiba, Chiba July, 2021 Blueberry Single pair
#11 | Naka, Nagareyama, Chiba October, 2020 American pokeweed | Single pair
#12 Furumagi, Nagareyama, Chiba October, 2020 American pokeweed | Single pair
#13 | Omoi, Nagareyama, Chiba October, 2020 Trap Single pair
#14 | Nagasaki, Nagareyama, Chiba October, 2020 Trap Single pair
#15 | Namiki, Tokorozawa, Saitama September, 2021 Chinese dogwood Single pair
#16 | Namiki, Tokorozawa, Saitama September, 2021 American pokeweed | Single pair
#17 | Funako, Atsugi, Kanagawa May, 2019 Mulberry Multiple pairs
#18 | Funako, Atsugi, Kanagawa October, 2019 Trap Single pair
#19 Nuda, Ashigara, Kanagawa September, 2021 Chinese dagwood Single pair
#20 | Kuno, Odawara, Kanagawa September, 2021 Chinese dogwood Single pair
#21 | Kounan, Yokoyama, Kanagawa September, 2021 Chinese dogwood Single pair
#22 | Amakubo, Tsukuba, Ibaraki September, 2021 Chinese dogwood Single pair
#23 | Ouchihikami, Yamaguchi, Yamaguchi | July, 2021 Blueberry Single pair
#24 Tanaka, Kuroishi, Aomori 2015 Blueberry Unknown
#25 | Minorigaoka, Yamagata, Yamagata September, 2021 Chinese dogwood Single pair
#26 Kashiwa, Kashiwa, Chiba May, 2021 Mulberry Multiple pairs
#27 | Omiya, Chichibu, Saitama June, 2021 Cerasus jamasakura | Multiple pairs

Table 1. List of strains.

shown in Fig. 1A). The tested range of the curvature radius (4.8-9.6 mm) was determined considering the natu-
ral hosts of D. suzukii such as raspberry and wild cherry. Ten females at the age of 7 to 9 days after eclosion were
introduced into a petri dish (9 cm diameter), in which 8 oviposition substrates were placed on a wet cotton pad
(3x6 cm, Fig. 1B). The assay started 6 h before the transition to the dark phase. After 24 h of oviposition at 25 °C,
the number of eggs laid on each substrate was counted. Each fly was used only once. Ten replications were made
for each strain. When the total number of eggs in a dish was less than 10, the corresponding data were excluded
from the analysis, and additional replications were made.

Two-choice assay. Four D. suzukii strains that showed different strength of preference for the smallest
radius in the four-choice assay were selected for a two-choice assay (strain #17: stronger preference, #20: weaker
preference, #22 and #26: moderate preference). D. melanogaster (CS) was used for comparison. Flies were pre-
pared in the same way as the four-choice assay. Each dish contained two sizes of substrates, among which smaller
ones were fixed to a 4.8 mm radius and the others were one of 5.7, 7.7, and 9.6 mm (Fig. 1B). Ten replications
were made for each size pair. To test the cross-modal effect between taste and curvature, the same assay was
repeated using the substrates containing 1% (555 mM) glucose using independent individuals. Preference index
was calculated as (Number of eggs laid on smaller substrates — Number of eggs laid on larger substrates) + Total
egg number.

Statistical analysis. All the data were analysed using R version 4.2.0%!. The result of four-choice assay was
analysed by fitting two models. Model 1 was for examining the effect of the curvature radius and strains on the
number of eggs. The response variable of the model was the number of eggs laid on the substrates with a focal
radius, assumed to have the Poisson error distribution. The explanatory variables were radius (fixed effect: con-
tinuous) and strains (random effect: categorical). To compare the effect size with that of strains, the values for the
radius were transformed as 4.8 mm: 0; 5.7 mm: 1; 7.7 mm: 2; and 9.6 mm: 3 (continuous). The parameters were
estimated using the glmmML package with the Gauss-Hermite method*. Model 2 was used for examining the
difference between strains in the tendency to prefer the smallest radius. The response variable was the pairs of
egg numbers on the smallest (4.8 mm) substrates vs. those on the other three sizes (binomial error distribution).
The explanatory variable was strain (fixed effect: categorical). The parameters were estimated using the glm
function included in the R base distribution. The results of the two-choice assays were analysed by fitting Model
3, in which the response variable was the pairs of egg numbers on the smaller (4.8 mm) substrates vs. those on
the larger ones (binomial error distribution), and the explanatory variables were strain (categorical), glucose

Scientific Reports |

(2022) 12:15792 | https://doi.org/10.1038/s41598-022-20022-z nature portfolio



www.nature.com/scientificreports/

A Top surface

Radius (mm) area (cm?) Shape

4.8

5.7

7.7

9.6

Four-choice assay Two-choice assay

Figure 1. Schematic representation of the experimental setups. (A) Shape of the oviposition substrates. (B)
Arrangement of the oviposition substrates in the oviposition assay. In a disposable petri dish, a piece of cotton
pad was placed and soaked with water. Eight oviposition substrates were put on the cotton pad. “L” in two-
choice assay designates oviposition substrates with either of 5.7, 7.7, or 9.6 mm radius.

(categorical), radius (continuous), and interactions between them. The value for radius was transformed as fol-
lows for comparisons of the effect size with other categorical factors; 5.7 mm vs. 4.8 mm: 0; 7.7 mm vs. 4.8 mm:
1; 9.6 mm: vs. 4. 8 mm: 2. The parameters were estimated using the glm function. In all the models, default link
functions were used.

Ethical approval. D. suzukii was collected in areas where it was allowed. No licences or permits were
required for this research in Japan. Nevertheless, we adhered to the ASAB/ABS Guidelines for use and disposal
of the animals in this study.

Results

Four-choice assay. The total number of eggs varied considerably between replicates (Fig. 2). The effect of
strains on the total egg number was statistically significant (Table 2 Model 1). The proportion of eggs laid on each
size of substrate to the total egg number also varied particularly when the total egg number was small. However,
the tendency of preference for smaller substrates was obvious and statistically significant (Fig. 2, Table 2 Model
1). Comparing between the strains, some strains showed a stronger preference for the smallest substrates (strains
#10, #17, #19) or a weaker preference (#13, #16, #20, #24) compared with the other strains (Fig. 3, Table 2 Model
2).

Two-choice assay. D. suzukii showed a preference for substrates with a smaller radius, whereas D. mela-
nogaster did not (Fig. 4, Table 3). Addition of glucose to the substrates weakened the preference in D. suzukii,
whereas it potentiated the preference for larger substrates in D. melanogaster. The effect of interaction between
strain and radius was significant and positive for D. suzukii strain #17 (stronger preference), suggesting that this
strain was more sensitive to the increasing difference in the surface curvature (Table 3).

Discussion

Our results showed that D. suzukii preferentially laid eggs on spherical surfaces with a smaller radius. Because
all oviposition substrates were provided in the same volume and with comparable surface area, D. suzukii should
use curvature as a direct cue of this preference. This finding provides additional explanation for the preferential
use of small fruits as the oviposition sites in this species. Surprisingly, this characteristic of D. suzukii has been
overlooked until now. There are three possibilities for this.

First, the preference for curvature may be weak compared with the preferences for other cues. Our results
showed that the addition of glucose to the substrate reduced the preference for curvature (Fig. 4). If other ovi-
position cues such as odours, tastes, and firmness are provided appropriately, D. suzukii may lay eggs regardless
of the substrate curvature. Nevertheless, it would be noteworthy that our preliminary competitive cross-modal
experiments indicated that the preference for curvature overrides at least those for glucose and firmness (data
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Figure 2. Results of the four-choice assay. The proportion of the number of eggs on each size of substrates to
the total egg number on all substrates was plotted. Each point represents a single replicate. Ten replicates were
made for each of the 27 strains, in total 270 times of assay were conducted. Dotted lines indicate the proportion
of 0.25, the expected value of the null hypothesis (no preference). Shading represents the range of proportion
between the upper and lower quartiles that contains 50% of data.

not shown). Further experiments with various other cues will prove the significance of curvature preference in
the D. suzukii oviposition behaviour.

Second, there may be an unexpected bias when establishing and maintaining laboratory stocks. Nearly all
laboratories use the culture medium that has a flat surface, which may select against strains maintaining a strict
preference for curvature. In fact, our results showed that some strains have a different preference for curvature,
suggesting that natural variation exists as a potential target of such selection. Furthermore, strains retaining a
preference for curvature may lay few eggs on flat surfaces, which should be an unfavourable characteristic to be
used as a “standard” strain in oviposition experiments. We tried to avoid this type of unintended selection and
bias by reducing the genetic variation within a strain, as well as by using relatively newly established strains.
Even so, we experienced that some strains were quite difficult to propagate sufficiently for experimental use. In
contrast, strain #24 was exceptional in this regard because it has been maintained for 6 years in a laboratory. As
expected, it showed a weaker preference to the smallest radius (Fig. 3, Table 2 Model 2).

Third, our results may reflect the difference between wild populations in the native range and the invaded
area. Plums and strawberries are larger than raspberry and blueberry and have been reported as major agricul-
tural products damaged by D. suzukii in invaded areas®?**, whereas they are not seriously damaged in Japan
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Explanatory variables ‘ Estimated coefficient | Standard error | z (Wild test) | P value
Model 1 (GLMM): Response variable = Number of eggs (Poisson)

(Intercept) 32122 0.10613 30.27 0

Radius (fixed)* —-0.4822 0.007256 —66.46 0

Strain (random) 0.5487** 0.07521 NA** 0

Model 2 (GLM): Response variable = Number of eggs laid on 4.8 mm vs. the others (binomial)
(Intercept)**** —0.24088 0.08336 -2.890 0.003857
Strain #2 0.23410 0.14321 1.635 0.102109
Strain #3 0.03609 0.11332 0.318 0.750124
Strain #4 —-0.03983 0.15232 -0.261 0.793719
Strain #5 —-0.02506 0.11524 -0.217 0.827866
Strain #6 —-0.07483 0.11284 —-0.663 0.507233
Strain #7 0.29804 0.16128 1.848 0.064611
Strain #8 —-0.02453 0.12138 —-0.202 0.839873
Strain #9 —-0.07553 0.12125 -0.623 0.533334
Strain #10 0.24936 0.12419 2.008 0.044661
Strain #11 —-0.16271 0.10033 -1.622 0.104868
Strain #12 —-0.03195 0.10537 -0.303 0.761742
Strain #13 -0.25969 0.09839 -2.639 0.008307
Strain #14 0.01008 0.10612 0.095 0.924343
Strain #15 0.06460 0.13425 0.481 0.630361
Strain #16 -0.20279 0.10100 -2.008 0.044656
Strain #17 0.65005 0.12726 5.108 0.000000
Strain #18 —-0.11620 0.11760 —-0.988 0.323139
Strain #19 0.52639 0.12069 4.362 0.000013
Strain #20 —-0.41886 0.11174 -3.749 0.000178
Strain #21 -0.02134 0.10063 -0.212 0.832035
Strain #22 —-0.17619 0.11578 —-1.522 0.128065
Strain #23 -0.17397 0.12158 —-1.431 0.152450
Strain #24 —-0.29452 0.12056 -2.443 0.014570
Strain #25 0.02750 0.12540 0.219 0.826438
Strain #26 0.07128 0.12525 0.569 0.569291
Strain #27 0.18102 0.11513 1.572 0.115859

Table 2. Analysis of the result of four-choice assay. Significant values are in bold. * Values for the radius was
transformed as {4.8 mm: 0; 5.7 mm; 1, 7.7 mm: 2; 9.6 mm: 3} (continuous). **For the random effect, estimated
standard deviation is shown. ***For the random effect, P value was calculated using the bootstrap test.
**Strain #1 was assigned as a base strain (Intercept represents the preference of strain #1).

compared with smaller fruits, indicating that the preference for curvature has been already lost or weakened to
a certain extent in the wild populations of the invaded area. D. suzukii is thought to adapt to various environ-
ments quickly'. Loss of preference to curvature may have occurred as a part of adaptation to new environments.

The above possibilities are not exclusive to each other. Among them, the last one should be most important
from the biological point of view because it is related to the ecological significance of this preference—what is
the selection pressure maintaining it in the native range? There are several possibilities. (1) D. suzukii is inferior
to other Drosophila species in competition during the larval stage. If inter-species competition is more severe on
larger fruits, preferential oviposition on smaller fruits will be selected. (2) Because ripening fruit is more likely
to be foraged than rotting fruits by birds and other vertebrates, predation risk on larger fruits may select the
preference for smaller fruits only in D. suzukii. (3) Aggregate fruit (raspberry and blackberry) and collective fruit
(mulberry) have higher surface curvature than simple fruit of the same size, and D. suzukii may use the curvature
as a cue of these hosts. Nevertheless, it should be noted here that our results do not exclude the possibility that
the preference for spherical surfaces is a trait shared with other Drosophila species in the wild, which may have
been lost from most laboratory strains. Further studies are required to examine these possibilities.

Since the pioneering work by Ishii (1952) reporting that the adzuki bean beetle, Callosobruchus chinensis,
preferentially laid eggs on smaller glass beads?, the effect of substrate size on oviposition behaviour has been
studied in a few groups of insects. Preferential oviposition on certain sizes of substrates was reported in the boll
weevil Anthonomus grandis grandis and three “true” fruit fly species®-*. Parasitoid wasps control offspring sex
ratio depending on the host size**. Experiments using artificial substrates showed that curvature rather than
surface area influenced oviposition of the adzuki bean beetle and the Indianmeal moth Plodia interpunctella®>.
A mechanism of host-radius measurement was proposed in the parasitoid wasp Trichogramma minutum® . In
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Figure 3. Strain-wise plot of the results of the four-choice assay. Proportion of eggs laid on each size of the
oviposition substrate to the total egg number is shown. The assay was repeated for 10 times for each strain.

D. melanogaster, sexually dimorphic mechanosensory neurons on the terminal segments were shown to regu-
late copulation duration®®. However, no mechanism for curvature sensation has been reported so far, probably
because the laboratory strains of D. melanogaster do not show any preference for the curvature of oviposition
substrates. In D. suzukii, several lines of evidence support the existence of mechanosensory mechanisms on
the ovipositor, although their involvement in the curvature sensation has not been examined'**. Consider-
ing that our knowledge in this field is limited, D. suzukii may serve as an important model system to study the
mechanism underlying the perception of surface curvature and preference for certain substrate size, as well as
its ecological significance.

Besides the biological aspects, our finding is expected to technically contribute to promoting the studies on
D. suzukii by improving the egg laying rate both in experiments and laboratory cultures. By using spherical ovi-
position substrates, on which D. suzukii readily lays eggs, oviposition behaviour can be examined more precisely
and efficiently. Establishing laboratory stocks from wild populations of D. suzukii frequently encounters difficul-
ties due to low fecundity*. Use of spherical substrates will greatly improve the success rate on such occasions,
reducing the loss of precious samples and making the maintenance of laboratory stocks easy. Because it is quite
simple to incorporate spherical oviposition substrates into experiments and culture methods, we expect many
researchers in this field will be benefited with it.
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Figure 4. Results of the two-choice assay. (A-D) D. suzukii strains #17, #20, #22, and #26, respectively. (E)
D. melanogaster CS. The x axis indicates the radius of the larger substrates. The smaller substrates were fixed
as 4.8 mm. Preference index = (Number of eggs laid on smaller substrates — Number of eggs laid on larger
substrates) + Total egg number. Positive values of the preference index indicate the preference for a smaller

radius.
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Explanatory variables ‘ Estimated coefficient | Standard error | z (Wild test) | P value
Model 3 (GLM): Response variable = Number of eggs laid on 4.8 mm vs. larger substrates (bino-
mial)

(Intercept)* 0.40797 0.08242 4.950 0.000001
Strain

Strain #17 -0.06673 0.09747 -0.685 0.493568
Strain #20 0.15152 0.09494 1.596 0.110477
Strain #22 0.01885 0.09550 0.197 0.843523
D. melanogaster (CS) —0.40269 0.11760 -3.424 0.000617
Glucose + -0.29578 0.08449 -3.501 0.000464
Radius** 0.53651 0.05430 9.881 0.000000
Strain:Glucose +

#17:Glucose + —-0.06380 0.09819 -0.650 0.515849
#20:Glucose + -0.11015 0.09836 -1.120 0.262802
#22:Glucose + 0.02884 0.09610 0.300 0.764129
mel:Glucose + —-0.02628 0.11661 -0.225 0.821672
Strain:radius

#17:radius 0.12281 0.06022 2.039 0.041407
#20:radius 0.03457 0.05994 0.577 0.564115
#22:radius —-0.11092 0.05713 -1.941 0.052209
mel:radius -0.50909 0.06280 -8.107 0.000000
Glucose +:radius -0.13396 0.03938 -3.402 0.000669

Table 3. Analysis of the result of two-choice assay. Significant values are in bold. *Strain #26 was assigned as
a base strain (Intercept represents the preference of strain #26 in 5.7 vs. 4.8 without glucose). **Values for the
radius was transformed as {5.7 mm vs.4.8 mm: 0; 7.7 mm vs. 4.8 mm: 1; 9.6 mm: vs. 4.8 mm: 2} (continuous).

Data availability

The raw data are provided as supplementary information.

Received: 2 August 2022; Accepted: 7 September 2022
Published online: 22 September 2022

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Little, C. M., Chapman, T. W. & Hillier, N. K. Plasticity is key to success of Drosophila suzukii (Diptera: Drosophilidae) invasion.
J. Insect Sci. 20, 5. https://doi.org/10.1093/jisesa/ieaa034 (2020).

Tait, G. et al. Drosophila suzukii (Diptera: Drosophilidae): A decade of research towards a sustainable integrated pest management
program. J. Economic Entomol. 114, 1950-1974. https://doi.org/10.1093/jee/toab158 (2021).

. Walsh, D. B. et al. Drosophila suzukii (Diptera: Drosophilidae): Invasive pest of ripening soft fruit expanding its geographic range

and damage potential. J. Integ. Pest Manag. 2, G1-G7. https://doi.org/10.1603/IPM10010 (2011).

. Hamby, K. A. et al. Biotic and abiotic factors impacting development, behavior, phenology, and reproductive biology of Drosophila

suzukii. ]. Pest Sci. 89, 605-619. https://doi.org/10.1007/s10340-016-0756-5 (2016).

. Stewart, T. J., Wang, X. G., Molinar, A. & Daane, K. M. Factors limiting peach as a potential host for Drosophila suzukii (Diptera:

Drosophilidae). J. Economic Entomol. 107, 1771-1779. https://doi.org/10.1603/EC14197 (2014).

. Keesey, I. W,, Knaden, M. & Hansson, B. S. Olfactory specialization in Drosophila suzukii supports an ecological shift in host

preference from rotten to fresh fruit. J. Chem. Ecol. 41, 121-128. https://doi.org/10.1007/s10886-015-0544-3 (2015).

. Poyet, M. et al. The wide potential trophic niche of the Asiatic fruit fly Drosophila suzukii: The key of its invasion success in tem-

perate Europe?. PLoS ONE 10, €0152785. https://doi.org/10.1371/journal.pone.0142785 (2015).

. Lee, J. C. et al. Characterization and manipulation of fruit susceptibility to Drosophila suzukii. J. Pest Sci. 89, 771-780. https://doi.

0rg/10.1007/s10340-015-0692-9 (2016).

. Entling, W,, Anslinger, S., Jarausch, B., Michl, G. & Hoffmann, C. Berry skin resistance explains oviposition preferences of Dros-

ophila suzukii at the level of grape cultivars and single berries. J. Pest Sci. 92, 477-484. https://doi.org/10.1007/s10340-018-1040-7
(2019).

Guo, L. et al. Identification of potential mechanosensitive ion channels involved in texture discrimination during Drosophila suzukii
egg-laying behavior. Insect Mol. Biol. 29, 444-451. https://doi.org/10.1111/imb.12654 (2020).

Kidera, H. & Takahashi, K. H. Chemical cues from competitors change the oviposition preference of Drosophila suzukii. Entomol.
Exp. Appl. 168, 304-310. https://doi.org/10.1111/eea.12889 (2020).

Little, C. M., Dixon, P. L., Chapman, T. W. & Hillier, N. K. Role of fruit characters and colour on host selection of boreal fruits and
berries by Drosophila suzukii (Diptera: Drosophilidae). Can. Entomol. 152, 546-562. https://doi.org/10.4039/tce.2020.1 (2020).
Tait, G. et al. Reproductive site selection: evidence of an oviposition cue in a highly adaptive Dipteran, Drosophila suzukii (Diptera:
Drosophilidae). Environ. Entomol. 49, 355-363. https://doi.org/10.1093/ee/nvaa005 (2020).

Tonina, L. et al. Texture features explain the susceptibility of grapevine cultivars to Drosophila suzukii (Diptera: Drosophilidae)
infestation in ripening and drying grapes. Sci. rep. 10, 10245. https://doi.org/10.1038/s41598-020-66567-9 (2020).

Wernicke, M., Lethmayer, C. & Bluemel, S. Laboratory trials to investigate potential repellent/oviposition deterrent effects of
selected substances on Drosophila suzukii adults. Bull. Insectol 73, 249-255 (2020).

Durkin, S. M. et al. Behavioral and genomic sensory adaptation underlying the pest activity of Drosophila suzukii. Mol. Biol. Evol.
38, 2532-2546. https://doi.org/10.1093/molbev/msab048 (2021).

Scientific Reports |

(2022) 12:15792 |

https://doi.org/10.1038/s41598-022-20022-z nature portfolio


https://doi.org/10.1093/jisesa/ieaa034
https://doi.org/10.1093/jee/toab158
https://doi.org/10.1603/IPM10010
https://doi.org/10.1007/s10340-016-0756-5
https://doi.org/10.1603/EC14197
https://doi.org/10.1007/s10886-015-0544-3
https://doi.org/10.1371/journal.pone.0142785
https://doi.org/10.1007/s10340-015-0692-9
https://doi.org/10.1007/s10340-015-0692-9
https://doi.org/10.1007/s10340-018-1040-7
https://doi.org/10.1111/imb.12654
https://doi.org/10.1111/eea.12889
https://doi.org/10.4039/tce.2020.1
https://doi.org/10.1093/ee/nvaa005
https://doi.org/10.1038/s41598-020-66567-9
https://doi.org/10.1093/molbev/msab048

www.nature.com/scientificreports/

17. Dweck, H. K. M., Talross, G. J. S., Wang, W. & Carlson, J. R. Evolutionary shifts in taste coding in the fruit pest Drosophila suzukii.
Elife 10, e64317. https://doi.org/10.7554/eLife.64317 (2021).

18. Elsensohn, J. E., Aly, M. E. K., Schal, C. & Burrack, H. J. Social signals mediate oviposition site selection in Drosophila suzukii. Sci.
Rep. 11, 3796. https://doi.org/10.1038/s41598-021-83354-2 (2021).

19. Kienzle, R. & Rohlfs, M. Mind the wound!—fruit injury ranks higher than, and interacts with, heterospecific cues for Drosophila
suzukii oviposition. Insects 12, 424. https://doi.org/10.3390/insects12050424 (2021).

20. Sato, A., Tanaka, K. M., Yew, J. Y. & Takahashi, A. Drosophila suzukii avoidance of microbes in oviposition choice. R. Soc. Open
Sci. 8,201601. https://doi.org/10.1098/rs0s.201601 (2021).

21. Stockton, D. G., Cha, D. H. & Loeb, G. M. Does habituation affect the efficacy of semiochemical oviposition repellents developed
against Drosophila suzukii?. Environ. Entomol. 50, 1322-1331. https://doi.org/10.1093/ee/nvab099 (2021).

22. Wohner, T. et al. Insights into the susceptibility of raspberries to Drosophila suzukii oviposition. J. Appl Entomol. 145, 182-190.
https://doi.org/10.1111/jen.12839 (2021).

23. Baena, R. et al. Ripening stages and volatile compounds present in strawberry fruits are involved in the oviposition choice of
Drosophila suzukii (Diptera: Drosophilidae). Crop Prot. 153, 105883. https://doi.org/10.1016/j.cropro.2021.105883 (2022).

24. R Core Team R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org/ (2022).

25. Brostrom, G. & Holmberg, H. Generalized linear models with clustered data: Fixed and random effects models. Comput. Stat.
Data Anal. 55, 3123-3134. https://doi.org/10.1016/j.csda.2011.06.011 (2011).

26. Asplen, M. K. et al. Invasion biology of spotted wing Drosophila (Drosophila suzukii): A global perspective and future priorities.
J. Pest Sci. 88, 469-494. https://doi.org/10.1007/s10340-015-0681-z (2015).

27. Knapp, L., Mazzi, D. & Finger, R. The economic impact of Drosophila suzukii: Perceived costs and revenue losses of Swiss cherry,
plum and grape growers. Pest Management Sci. 77, 978-1000. https://doi.org/10.1002/ps.6110 (2020).

28. Ishii, S. Studies on the host preference of the cowpea weevil (Callosobruchus chinensis L.). Bull. Natl. Inst. Agric. Sci. Ser. C 1,
185-156 (1952).

29. Katsoyannos, B. I. & Pittara, I. S. Effect of size of artificial oviposition substrates and presence of natural host fruits on the selection
of oviposition site by Dacus oleae. Entmol. Exp. Appl. 34, 326-332 (1983).

30. McDonald, P. T. & McInnis, D. O. Ceratitis capitata: Effect of host fruit size on the number of eggs per clutch. Entomol. Exp. Appl.
37,207-211 (1985).

31. Pittara, I. S. & Katsoyannos, B. I. Effect of shape, size and color on selection of oviposition sites by Chaetorellia australis. Entomol.
Exp. Appl. 63,105-113 (1992).

32. Greenberg, S. M., Sappington, T. W,, Sétamou, M. & Coleman, R. J. Influence of different cotton fruit sizes on boll weevil (Coleop-
tera: Curculionidae) oviposition and survival to adulthood. Environ. Entomol. 33, 443-449. https://doi.org/10.1603/0046-225X-
33.2.443 (2004).

33. Showler, A. T. Relationship of different cotton square sizes to boll weevil (Coleoptera: Curculionidae) feeding and oviposition in
field conditions. J. Econ. Entomol. 98, 1572-1579. https://doi.org/10.1603/0022-0493-98.5.1572 (2005).

34. Charnov, E. L., Los-den Hartogh, R. L., Jones, W. T. & van den Assem, J. Sex ratio evolution in a variable environment. Nature 289,
27-33 (1981).

35. Avidov, Z., Berlinger, M. J. & Applebaum, S. W. Physiological aspects of host specificity in the Bruchidae: III. Effect of curvature
and surface area on oviposition of Callosobruchus chinensis L.. Anim. Behav. 13, 178-180 (1965).

36. Sambaraju, K. R. & Phillips, T. W. Effects of physical and chemical factors on oviposition by Plodia interpunctella (Lepidoptera:
Pyralidae). Ann. Entomol. Soc. Am. 101, 955-963 (2008).

37. Schmidt, J. M. & Smith, J. J. B. Correlations between body angles and substrate curvature in the parasitoid wasp Trichogramma
minutum: A possible mechanism of host radius measurement. J. Exp. Biol. 125, 271-285 (1986).

38. Jois, S. et al. Sexually dimorphic peripheral sensory neurons regulate copulation duration and persistence in male Drosophila. Sci.
Rep. 12, 1-12. https://doi.org/10.1038/s41598-022-10247-3 (2022).

39. Crava, C. M. et al. Structural and transcriptional evidence of mechanotransduction in the Drosophila suzukii ovipositor. J. Insect
Physiol. 125, 104088. https://doi.org/10.1016/j.jinsphys.2020.104088 (2020).

40. Sampson, B. . et al. Novel aspects of Drosophila suzukii (Diptera: Drosophilidae) biology and an improved method for culturing
this invasive species with a modified D. melanogaster diet. Florida Entomol. 99, 774-780. https://doi.org/10.1653/024.099.0433
(2016).

Acknowledgements
We thank Chikako Tsushima, So Okuyama, Yoshinori Murai, Kei Nishikata, and Shinji Mizobe for kindly provid-
ing infected fruit samples and D. suzukii laboratory stocks.

Author contributions
J.A. and T.M. conceived and designed research. J.A. conducted experiments. J.A. and T.M. analysed data. T.M.
wrote the manuscript. J.A. and T.M. reviewed the manuscript.

Funding
This research was supported by a Japan Society for the Promotion of Science (JSPS) grant no. 18H02507 to TM.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-20022-z.

Correspondence and requests for materials should be addressed to T.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2022) 12:15792 | https://doi.org/10.1038/s41598-022-20022-z nature portfolio


https://doi.org/10.7554/eLife.64317
https://doi.org/10.1038/s41598-021-83354-2
https://doi.org/10.3390/insects12050424
https://doi.org/10.1098/rsos.201601
https://doi.org/10.1093/ee/nvab099
https://doi.org/10.1111/jen.12839
https://doi.org/10.1016/j.cropro.2021.105883
https://www.R-project.org/
https://doi.org/10.1016/j.csda.2011.06.011
https://doi.org/10.1007/s10340-015-0681-z
https://doi.org/10.1002/ps.6110
https://doi.org/10.1603/0046-225X-33.2.443
https://doi.org/10.1603/0046-225X-33.2.443
https://doi.org/10.1603/0022-0493-98.5.1572
https://doi.org/10.1038/s41598-022-10247-3
https://doi.org/10.1016/j.jinsphys.2020.104088
https://doi.org/10.1653/024.099.0433
https://doi.org/10.1038/s41598-022-20022-z
https://doi.org/10.1038/s41598-022-20022-z
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022)12:15792 | https://doi.org/10.1038/s41598-022-20022-z nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Drosophila suzukii preferentially lays eggs on spherical surfaces with a smaller radius
	Material and methods
	D. suzukii strains. 
	Four-choice assay. 
	Two-choice assay. 
	Statistical analysis. 
	Ethical approval. 

	Results
	Four-choice assay. 
	Two-choice assay. 

	Discussion
	References
	Acknowledgements


