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Effects of different sucrose
concentrations on some
parameters of the life cycle
in two wild Drosophila
species

Abstract:

The fruit flies collected from the wild can be easily cultured in laboratory
for research purposes. On that occasion many similar recipes for cornmeal-
based feeding media can be used for Drosophila cultivation. However, in
these recipes concentrations of ingredients may differ what might imply a
need to choose the recipe which is the most appropriate for culturing of wild
Drosophila species. The aim of this study was to check how two wild species,
Drosophila melanogaster and Drosophila suzukii respond to different sucrose
concentration in feeding media by monitoring of life cycle key parameters.
The total number of oviposited eggs, formed pupae and eclosed adults as well
as dynamics of pupae formation and adult eclosion were recorded. The results
showed that the sucrose concentrations of 160 gL' caused significantly lower
number of formed pupae and eclosed adults in D. suzukii than at concentrations
of 40 gL' and 80 gL-'. Prolonged and stretched dynamics of pupation and
eclosion were recorded in D. melanogaster only at concentration of 160
gL, All tested Drosophila showed no differences in life cycle parameters
between sucrose concentration of 40 gL' and 80 gL!. Presented results can be
helpful in deciding which cornmeal-based feeding media recipe to choose for
cultivation of mentioned wild Drosophila species.
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Apstract:

Efekat razli¢itih koncentracija SeCera na neke parametre Zivotnog
ciklusa kod dve divlje vrste Drosophila

Voéne musice, prikupljene u prirodi, mogu se jednostavno gajiti u laboratoriji
za potrebe razli¢itih istrazivanja. Za tu svrhu se moze upotrebiti jedan od
mnogih recepata sli¢nih sastojaka za pravljenje hranljive podloge, bazirane
na kukuruznom grizu za gajenje drozofila. Medutim, u tim receptima
koncentracije sastojaka mogu da variraju §to moze da podrazumeva potrebu
da se odabere recept koji najvise odgovara za gajenje divljih vrsta drozofila.
Cilj ovog istrazivanja je da se pracenjem kljucnih parametara Zivotnog
ciklusa proveri kako dve divlje vrste Drosophila melanogaster i D. suzukii
reaguju na razliCite koncentracije Secera u hranljivoj podlozi. Praceni su
ukupan broj polozenih jaja, ulutkanih i eklodiranih imaga kao i dinamike
ulutkavanja i eklodiranja. Rezultati su pokazali da koncentracija Secera od
160 gL' izaziva znaGajno manje ulutkavanja i eklodiranja kod D. suzukii nego
§to je to pri koncentracijama od 40 gL' i 80 gL'. ProduZena i rastegnuta
dinamika ulutkavanja i izleganja su zabelezene kod D. melanogaster samo
pri koncentraciji od 160 gL'. Kod svih testiranih drozofila nisu detektovane
znacajne razlike u pracenim parametrima zivotnog ciklusa izmedu tretmana
sa koncentracijama Seéera od 40 gL' i 80 gL"'. Prikazani rezultati mogu biti
od koristi prilikom odabira hranljivog medijuma baziranog na kukuruznom
grizu za gajenje pomenutih divljih vrsta drozofila.

Kljucne reci:
Voéna musica, Drosophila melanogaster, Drosophila suzukii, hranljiva pod-
loga, zivotni ciklus, koncentracija Secera
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Introduction

The common fruit fly, Drosophila melanogaster
Meigen is a famous model organism that has
very wide implementation in biological sciences,
primarily in genetic researches. There are many
stock centers in the world that provide an array
of different Drosophila stocks intended for
experimental purposes. Nevertheless, for some
research purposes, there is a need for Drosophila
species that are obtained from the wild. On that
occasion, the flies are caught and transferred into
a laboratory ambient for further experiments. For
instance, species from the genus Drosophila caught
in the wild are very often processed in this way, for
example D. melanogaster (Anagnostou et al., 2010;
Lin et al., 2014; Gao et al., 2018). Spotted wing
drosophila, Drosophila suzukii (Matsumura) is a
very serious pest that has been extensively explored
in laboratory conditions (Lin et al., 2014; Tochen
et al., 2014; Silva-Soares et al., 2017; Fellous &
Xuéreb, 2017; Schlesener et al., 2017). Since this
species is introduced worldwide, it has been already
recognized as a real threat on production of certain
soft fruits that are of economic importance (De Ros
et al., 2013; Benito et al., 2016; Mazzi et al., 2017).
Also, the presence of this fruit pest fly is confirmed
for the first time in Serbia in 2014 by Tosevski et al.
(2014). Thus, good laboratory practice is to provide
optimal conditions including appropriate feeding
media for such species to be transferred from the
wild to a laboratory to obtain correct results from
conducted experiments.

Apart from laboratory Drosophila stocks, it is
well-known that wild Drosophila species can be
successfully cultured on cornmeal-based feeding
media, even D. suzukii (Schlesener et al. 2017).
There are many available recipes that are relevant
for Drosophila culturing, for example at the site of
Bloomington Drosophila Stock Center (https://bdsc.
indiana.edu) or in papers (Lewis, 1960; Schlesener
et al. 2017; Jovanovi¢ et al., 2018; Cvetkovi¢ et al.,
2020). However, different recipes for cornmeal-
based feeding media imply different amounts of
some ingredients such as carbohydrates and yeast.
In addition, numerous articles are dealing with
the influence of dietary yeast on D. melanogaster
(Anagnostou et al., 2010) and in D. suzukii on
life-history traits (Bellutti et al., 2018) or protein
and carbohydrate ratio on larvae in D. suzukii
(Silva-Soares et al., 2017) and dietary protein and
carbohydrates balance in D. melanogaster (Lee,
2015). These studies suggested that carbohydrates
and proteins play very important role in Drosophila
lifespan so the special attention should be paid on the
concentration of these two ingredients in the feeding
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media. According to Lushchak et al., (2014) the
influence of dietary carbohydrate type and dosage is
still poorly understood. In addition, we believe that
among different recipes, the most appropriate recipe
should be selected for wild Drosophila species that
are transferred from natural to laboratory conditions
because they cannot be adapted to artificial feeding
media to the same extent as Drosophila laboratory
stocks. Here, we ran a study to rapidly screen the
degree of tolerance of the two wild species on three
different sucrose concentrations in cornmeal-based
feeding media at standard laboratory conditions by
monitoring of the life cycle parameters. We believe
that this will help to depict which cornmeal-based
feeding media, in relation to sucrose concentration,
is the most suitable for laboratory cultivation of
wild D. melanogaster and D. suzukii collected
in Southeastern Serbia. Also, the study should
contribute to overall knowledge about influence of
dietary sucrose on the life cycle of two Drosophila
species.

Material and methods

Culturing conditions and types of feeding media

The fruit flies were cultured at standard laboratory
conditions which implies 60% of relative humidity,
12h/12h of the day/night light regime and constant
ambient temperature at about 25+1 °C. Standard
feeding media based on cornmeal was used for
culturing ofall flies from this experiment. Particularly,
agar (6 gL"), cornmeal (96 gL!), sucrose (80 gL!)
and yeast (20 gL') prepared by cooking in dH,O
with subsequent addition of fungicide as explained
in our previous studies (Cvetkovi¢ et al., 2015;
Jovanovi¢ et al., 2016).

For purposes of the experiment three different
feeding media were prepared: All previously
mentioned components were used in the same
concentrations, except for the sucrose concentration
that varied. Medium with sucrose concentration
of 40 gL' — labeled as half, medium with sucrose
concentration of 80 gL' — labeled as normal and
medium with sucrose concentration of 160 gL' —
labeled as double, were used.

Fruit flies

The wild D. melanogaster specimens were caught
in the City of Ni§, near the Faculty of Sciences
and Mathematics (43°18°32.5”N; 21°55°22.9”E)
in traps using grape as bait, during the September
of 2018., leg. V. J. Cvetkovi¢. The adult flies were
immediately transferred on the standard feeding
media for culturing. For the starter generation, D.
suzukii adults were incubated from larvae from the
infested raspberries collected in private raspberry
orchard near Lebane town (Southeastern Serbia),
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Fig. 1. Drosophila suzukii - the starter generation. A — larvae (showed with blue arrow) from infested
raspberry. B — eclosed adults, incubated from infested raspberries, transferred on standard fresh feeding
media for culturing. C — pupae (showed with yellow arrows) within the feeding media, the first laboratory
generation of captured D. suzukii. Photos by V. J. Cvetkovi¢

42°55°56.1"N; 21°45°21.6”E, during the August
of 2018., leg. S. S. Stankovi¢. Immediately after
eclosion they were transferred onto fresh standard
media for culturing (Fig. 1). Captured fruit fly
species were determined by V. Ziki¢ and S. S.
Stankovi¢. In order to establish stock, the fruit flies
from the wild were cultured on standard (normal)
feeding media (see Culturing conditions and types
of feeding media) for a dozen generations during 4
months. The referent laboratory strain of wild-type
D. melanogaster Oregon-R-C strain (Bloomington
Drosophila Stock center at Indiana University,
USA), was used in this study as referent line because
this strain is adapted on artificial cornmeal-based
feeding media that was used in this experiment.

Experimental protocol

The whole experiment was performed at standard
laboratory conditions (as explained in Culturing
conditions and types of feeding media). For the D.
melanogaster — referent line and two wild species
flies, three different types of vials were prepared,
ten of each, that contained half, normal and double
concentration of sucrose in experimental feeding
media. From referent laboratory stock culture (D.
melanogaster) and wild flies established stocks (D.
melanogaster and D. suzukii), pairs of young flies at
the same age (5-7 days old) were chosen for further
analyses, similarly as it was done in our previous
research (Jovanovi¢ et al., 2018). In total, ten pairs
were transferred into ten vials in each type of
experimental feeding media to mate and lay eggs for
two days. Afterwards, the adult flies were discarded

and the oviposited eggs were counted immediately.
Each day, number of formed pupae and subsequently
eclosed adults was recorded.

Statistical analysis

The statistical analysis was performed within each of
the three Drosophila group. The comparisons were
performed by the following parameters: 1) the total
numbers of oviposited eggs, 2) the total numbers of
formed pupae and 3) the total numbers of eclosed
adults, for each of the three sucrose concentrations.
The percentage of pupation (percentage of
formed pupae from hatched and survived larvae) and
eclosion (percentage of eclosed adults from formed
pupae) were calculated as it was described by Kinjo
et al. (2014). The obtained values for the same
parameter (percentage of pupation or eclosion) in
feeding media with different sucrose concentration
were compared within each of the Drosophila group.
Statistically  significant  differences  were
determined with the Kruskall-Wallis ANOVA test
for p<0.05. Further, post hoc Mann-Whitney test was
used to determine significant differences between
any of two compared values. Statistical analysis was
conducted by using software package SPSS (SPSS
Inc., Chicago, IL, USA).
Results
Statistical analysis of the life cycle parameters i.e.
the total number of oviposited eggs, formed pupae
and eclosed adults are presented in Tab. 1. The

presented mean values and standard deviations were
obtained based on 10 replicates for each strain, D.
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Table 1. Life cycle parameters in D. melanogaster-referent line, wild D. melanogaster and D. suzukii
cultured on feeding media with different sucrose concentrations. Mean values are presented with + standard

deviation.
Species Sucrose Oviposited Formed Eclosed
P concentration eggs pupae adults
5 57.63 30.13 29.63
E half +19.04 +11.42 +11.61
g ormal 71.5 41.1 40.7
3 421.19 +14.49 +14.24
8 doubl 65.87 37.88 36.38
Q ouble +29.43 +11.51 +11.36
5 half 71.22 62.22 59.11
5 2 +24.54 +20.28 +17.88
g 2 ormal 75.38" 70.38" 69.63°
S 2 +20.70 +16.49 +16.55
E % double 55.4" 50.1° 48.00°
Q u +19.98 +18.54 +17.51
11.5 8.61 8.1t
s half 822 +5.68 5.5
5 ormal 12.2 8.8¢ 8.5¢
2 +6.05 423 +3.2
q
7.1 2.9 2,71
double +5.09 3.6 433

-Values marked with the same symbol * are significantly different within D. melanogaster — referent line
-Values marked with the same symbol T and/or* are significantly different within D. suzukii group.

-Significant differences were considered for p<0.05

melanogaster-referent line, wild D. melanogaster
and D. suzukii. All calculations were done for each
of three feeding media types.

The only significant difference in percentage of
pupation between normal and double concentration
were recorded in D. suzukii (Fig. 2).
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Fig. 2. Percentage of pupation in D. melanogaster, D.
melanogaster-referent line and D. suzukii cultured on
feeding media with half, normal and double concentration
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a” marked the two values
that are significantly different. Differences were determined
using Kruskall-Wallis ANOVA and post hoc Mann-Whitney
test. Statistical significance was considered for p<0.05

The only significant differences in percentage of
eclosion were observed between normal and double
group within wild D. melanogaster and normal
compared to half and double within D. melanogaster
— referent line (Fig. 3).

In D. melanogaster — referent line, the peak of
larval pupation was recorded on the fourth day, fifth
and the seventh day in half, normal and double
sucrose concentration, respectively (Fig. 4).
The peak of adult eclosion was recorded at
the fifth day in half and normal and at the
eighth day in double sucrose concentration
(Fig. 4). In addition, the peaks were higher
w= and the pupation, as well as eclosion, lasted
shorter in groups with half and normal sucrose
concentration than in the group with double of
the sucrose concentration.

In the wild D. melanogaster, the peak of
larval pupation was recorded on the fourth
day in normal and double and the eighth day
in half concentration of sucrose (Fig. 5). The
peak of adult eclosion was recorded also
on the fourth day in half and normal and on
the eighth day in a double concentration of
sucrose (Fig. 5). In addition, the peaks were
higher and the pupation, as well as eclosion,
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Fig. 3. Percentage of eclosion in D. melanogaster, D.
melanogaster-referent line and D. suzukii cultured on
medium with half, normal and double concentration of
sucrose. The same lower cases letter (a, b or ¢) marked
the two values that are significantly different. Differences
were determined using Kruskall-Wallis ANOVA and post
hoc Mann-Whitney test. Statistical significance was
considered for p<0.05.
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lasted shorter in groups with half and normal
sucrose concentration than in double of the
sucrose concentration.

In D. suzukii line, the peak of larval
pupation was recorded on the third, fourth and
the seventh day in half, normal and double
sucrose concentration, respectively (Fig. 6).
The peak of adult eclosion was recorded on
the fourth, fifth and the eighth day in half,
normal and double concentration of sucrose,
respectively (Fig. 6). Additionaly, the peaks
were higher in groups with half and normal
sucrose concentration than in double of the
sucrose concentration but the duration of the
pupation and eclosion was mostly the same in
all three groups.

Discussion

All three parameters of the life cycle — the total
number of oviposited eggs, formed pupae and
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Fig. 4. Dynamics of pupation and eclosion in D. melanogaster — referent line. A — Dynamics of larval
pupation and B — Dynamics of adult eclosion. Half, normal and double refers to sucrose concentration in

feeding media.
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eclosed adults were not significantly different in the
wild D. melanogaster cultivated on feeding media
with different sucrose concentrations. According to
these results, the wild D. melanogaster strain used
in this experiment were tolerant to variation of
sucrose concentration in feeding media at standard
ambient conditions. In D. suzukii, at double sucrose
concentration, the total number of formed pupae
and eclosed adults were significantly lower (p<0.05)
than in half and normal sucrose concentrations.
However, the total number of oviposited eggs
was not significantly different between groups
with different sucrose concentrations. In some
way, the higher sucrose concentrations disrupted
incubation of the eggs and/or development of the
hatched larvae until the pupation stage. Also, in
the D. melanogaster-referent line significantly

134

lower (p<0.05) numbers of oviposited eggs, formed
pupae and eclosed adults were observed in double
than in normal sucrose concentration. A possible
explanation is that the higher sucrose concentration
in feeding media probably stimulates the increase of
the products of fermentation. The higher levels of
the fermentation products (ethanol, carbon dioxide
etc.) may have a negative impact on larval hatching,
development as well as pupation. Also, it might have
a negative effect on the number of oviposited eggs
that was significantly lower in double concentration
in D. melanogaster — referent line. This hypothesis
is waiting to be confirmed or rejected in further
experiments because this time we did not measure the
levels of fermentation products in our experiment.
A lower percentage of pupation were recorded
in all three types of feeding media in the wild D.
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Fig. 6. Dynamics of pupation and eclosion in wild D. suzukii. A — Dynamics of larval pupation and B —
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melanogaster while in the D. melanogaster —referent
line was higher. This means that the laboratory
Drosophila strain is well adapted on applied cornmeal
feeding media, as it was expected. The percentage
of pupation values in D. suzukii were about 90% in
average. As we were not able to count the hatched
larvae, the much lower percentage of pupation could
mean that many of the eggs were not fertilized or/and
that many larvae have died before pupation in wild
D. melanogaster. Thus, these results indicate that
standard laboratory conditions and applied feeding
media (for medium details see section: Culturing
conditions and types of feeding media) influenced
pupation in wild D. melanogaster. Besides previous
observations, in wild D. melanogaster percentage
of pupations were not significantly different in
all three sucrose concentrations, as in the D.

melanogaster — referent line, while in D. suzukii
percentage of pupation was significantly lower in
double concentration compare to normal sucrose
concentration. We propose one possible explanation
for such a result. During pupation, larvae of D.
melanogaster mostly went out of the feeding media
and formed pupae on the walls of the vials where
they were cultivated. In D. suzukii, pupae are formed
mostly within the feeding media. Thus, the explained
effects of high sucrose concentrations in feeding
media and the consequent presence of higher levels
of fermentation products like ethanol and carbon
dioxide might affect the pupation process in this
case by affecting the larvae hatching or/and eggs
incubation or/and larvae survival. As we did not
count the number of hatched larvae, so we cannot
state at which state the detrimental effect occurred,
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this observation remains to be tested in forthcoming
analysis. Gao et al. (2018) showed that both adults
and larvae of D. melanogaster were more tolerant of
environmental ethanol than D. suzukii (Gao et al.,
2018). This is consistent with our observation about
the influence of possible higher levels of ethanol in
double sucrose concentrated media. In addition, it
has long been known that D. melanogaster was more
tolerant on alcohol compared to other Drosophila
species (McKenzie & Parsons, 1972).

On the other hand, a minor difference in the
percentage of eclosion in both wild Drosophila
species as in the D. melanogaster — referent line
in any type of the tested feeding media. This could
mean that the process of incubation from pupal
to the adult stage was not affected in the same
percentage as the pupation process by different
sucrose concentrations in any experimental group
since pupal mortality was very low in all Drosophila
groups. Only significant differences showed that the
percentage of eclosion was significantly affected
by double sucrose concentration comparing with
normal within the wild D. melanogaster group.
Also, within D. melanogaster — referent line,
in double and half concentration percentage of
eclosion was significantly affected compared to
normal concentration (the percentages of eclosion
were above 95%). However, these differences
were minimal in both D. melanogaster groups.
Interestingly there were no significant differences
between the percentage of eclosed flies in different
feeding media within D. suzukii group, so the
different sucrose concentrations did not affect D.
suzukii at the pupal stage.

It was already stated that in the wild D.
melanogaster there were no significant differences
for the total number of formed pupae and eclosed
adults at different sucrose concentrations. But the
differences were observed at dynamics of pupation
and eclosion. The peaks for the dynamic of these
parameters in half and standard concentration was
on the fourth day while in double was about the
eighth day. The pupation and eclosion were very
prolonged and stretched at double concentration
compared with the half and standard within the wild
D. melanogaster. Analyzing these parameters in the
D. melanogaster — referent line group and D. suzukii
group, a similar pattern could be observed in the
double sucrose concentration. Nevertheless, in D.
suzukii the other two groups, half and normal, also
express prolonged pupation and eclosion without
pronounced peaks unlike both D. melanogaster
groups. Thus, due to its detrimental effect in all
groups the double sucrose concentration in feeding
media caused prolonged and extended pupation and
eclosion. The reason might be the same, explained
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in previous paragraph, the detrimental effect of the
higher level of fermentation products. On the other
hand, half concentration did not cause any visible
effect on dynamics of pupation and eclosion in
any Drosophila group. Overall, our findings is in
accordance with the conclusion of Fellous & Xuéreb
(2017) that high sugar concentrations are detrimental
for development of the D. suzukii. Also, Lushchak
et al., (2014) stated that sucrose, commonly used
for Drosophila laboratory food, shorten lifespan
and contribute to lower egg-laying capability in D.
melanogaster. According to the results and previous
observations, the detrimental effects, especially
of the highest applied sucrose concentration are
obvious in Drosophila. Even more, D. suzukii was
more sensitive to higher sucrose concentration than
D. melanogaster.

There are many available cornmeal-based
feeding media recipes that can be applied for
laboratory culturing of Drosophila species, but the
concentrations of ingredients may vary in different
recipes. Despite differences in ingredients, many
of them can be used for Drosophila culturing. For
example, some fly food recipes are available at the
site of Bloomington Drosophila Stock Center from
Indiana University in USA (https://bdsc.indiana.edu).
Schlesener et al. (2017) reported modified cornmeal-
yeast-glucose-agar medium that are suitable for D.
suzukii rearing. The composition of standard feeding
media that we use in this experiment were not the
same but it is quite similar as in Schlesener et al.
(2017). We found that one of the differences between
the feeding media that we used from the mentioned
one is in yeast concentration. Particularly, we used
almost twice smaller concentration of yeast, as
a protein source, what in addition to the highest
applied sucrose concentration also might influenced
development of the D. suzukii in our experiment.
However, we did not vary yeast concentration in
this experiment because it was not the subject of
this research and in all treatment media was added
in same amount according to one of the recipe (see
section: Culturing conditions and types of feeding
media) that we use for laboratory Drosophila stocks
culturing. Also, Fellous & Xuéreb (2017) reported
that intermediate protein concentration is optimal
for D. suzukii development. These observations
indicate that protein concentration in feeding media
should be taken into consideration when choosing
appropriate feeding media for wild D. suzukii and we
believe also for D. melanogaster because it is known
that dietary balance of proteins and carbohydrates
concentrations is important because its influence
on Drosophila lifespan (Lushchak et al., 2014; Lee,
2015).
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Conclusion

According to our findings the sucrose concentration
of 160 gL! in the feeding media caused significantly
lower number of formed puape and eclosed adults
in D. suzukii than at concentrations of 40 gL
and 80 gL'. In all tested Drosophila there were
no significant differences in analyzed life cycle
parameters between sucrose concentrations of
40 gL' and 80 gL'. Moreover, there were no
significant differences between any of three tested
sucrose concentrations for numbers of laid eggs,
pupation and eclosion in wild D. melanogaster. The
dynamics of pupation and eclosion were prolonged
and stretched in wild D. melanogaster at 160 gL'
sucrose concentration while in D. suzukii was mostly
the same as in 40 gL' and 80 gL'. We believe that
the presented results might be helpful in deciding
which cornmeal-based feeding media, in relation to
the sucrose concentration, should be selected for the
cultivation of mentioned Drosophila species that
originating from the wild. Also, the obtained results
represent contribution to the overall knowledge of
the influence of dietary sucrose on lifecycle of two
Drosophila species.

Acknowledgement. This study was supported by the
Ministry of Education, Science and Technological
Development of the Republic of Serbia (contract number:

451-03-68/2020-14/200124).

References

Anagnostou, C., Dorsch, M., Rohlfs, M.
2010: Influence of dietary yeasts on Drosophila
melanogaster life-history traits. Entomologia
Experimentalis et Applicata, 136(1): 1-11.

Bellutti, N., Gallmetzer, A., Innerebner, G.,
Schmidt, S., Zelger, R., Koschier, E.H. 2018:
Dietary yeast affects preference and performance
in Drosophila suzukii. Journal of pest science, 91:
651-660.

Benito, N.P., Lopes-da-Silva, M., Santos, R.S.
2016: Potential spread and economic impact of
invasive Drosophila suzukii in Brazil. Pesquisa
Agropecuaria Brasileira, 51(5):571-578.

Cvetkovi¢, V.J., Jovanovi¢, B., Lazarevi¢, M.,
Jovgnovié, N., Savi¢-Zdravkovi¢, D., Mitrovic¢,
T., Zikié, V. 2020: Changes in the wing shape and
size in Drosophila melanogaster treated with food
grade titanium dioxide nanoparticles (E171) — A
multigenerational study. Chemosphere. Dec 1;261:
127787.

Cvetkovié, V. J., Mitrovi¢, T. L., Jovanovi¢, B.,
Stamenkovié, S. S., Todorovi¢, M., Dordevié, M.,
Radulovié, N. 2015: Toxicity of dimethyl sulfoxide

Cvetkovi¢ et al. e Effects of different sucrose concentrations on some pa-
rameters of the life cycle in two wild Drosophila species

against  Drosophila  melanogaster. Biologica

Nyssana, 6(2): 91-95.

De Ros, G., Anfora, G., Grassi, A., Ioriatti, C.
2013: The potential economic impact of Drosophila
suzukii on small fruits production in Trentino (Italy).
IOBC-WPRS Bulletin, 91:317-321.

Fellous, S. & Xuéreb, A. 2017: A geometric
analysis of the macronutrient needs of Drosophila
suzukii larvae. Drosophila Information Service, 100:
158-167.

Gao, H.H., Zhai, Y.F., Chen, H., Wang, Y.M.,
Liu, Q., Hu, Q.L., Ren, F.S., Yu, Y. 2018:
Ecological niche difference associated with varied
ethanol tolerance between Drosophila suzukii and
Drosophila melanogaster (Diptera: Drosophilidae).
Florida Entomologist, 101(3): 498-504.

Jovanovié, B., Cvetkovi¢, V.J., Mitrovié¢, T.L.
2016: Effects of human food grade titanium dioxide
nanoparticle dietary exposure on Drosophila
melanogaster survival, fecundity, pupation and
expression of antioxidant genes. Chemosphere, 144:
43-49.

Jovanovi¢, B., Jovanovié, N., Cvetkovi¢, V.J.,
Mati¢, S., Stanié¢, S., Whitley, E.M., Mitrovi¢,
T.L. 2018: The effects of a human food additive,
titanium dioxide nanoparticles E171, on Drosophila
melanogaster-a 20 generation dietary exposure
experiment. Scientific reports, 8: 17922.

Kinjo, H., Kunimi, Y., Nakai, M. 2014: Effects of
temperature on the reproduction and development
of Drosophila suzukii (Diptera: Drosophilidae).
Applied entomology and zoology, 49: 297-304.

Lee, K.P. 2015: Dietary protein: carbohydrate
balance is a critical modulator of lifespan and
reproduction in Drosophila melanogaster: a test
using a chemically defined diet. Journal of insect
physiology, 75:12-19.

Lewis, E.B. 1960: A new standard food
medium. Drosophila Information Service, 34: 117—
118.

Lin, Q.C., Zhai, Y.F., Zhang, A.S., Men, X.Y.,
Zhang, X.Y., Zalom, F.G., Zhou, C.G., Yu,
Y. 2014: Comparative developmental times and
laboratory life tables for Drosophlia suzukii and
Drosophila melanogaster (Diptera: Drosophilidae).
Florida Entomologist, 97(4): 1434-1442.

Lushchak, O.V., Gospodaryov, D.V., Rovenko,
B.M., Yurkevych, LS., Perkhulyn, N.V,,
Lushchak, V.I. 2014: Specific dietary carbohydrates
differentially influence the life span and fecundity of
Drosophila melanogaster. Journals of Gerontology

137



BIOLOGICA NYSSANA e 11 (2) December 2020: 129-138

Series A: Biomedical Sciences and Medical
Sciences, 69(1):3-12.

Mazzi, D., Bravin, E., Meraner, M., Finger, R.,
Kuske, S.2017: Economic impact of the introduction
and establishment of Drosophila suzukii on sweet
cherry production in Switzerland. Insects, 8(1):18.

McKenzie, J.A., Parsons, P.A. 1972:
Alcohol tolerance: an ecological parameter in
the relative success of Drosophila
melanogaster and Drosophila simulans.

Oecologia, 10: 373-388.

Schlesener, D.C., Wollmann, J., Kriiger, A.P.,
Martins, L.N., Geisler, F.C., Garcia, F.R. 2017:
Rearing method for Drosophila suzukii and
Zaprionus indianus (Diptera: Drosophilidae) on
artificial culture media. Drosophila Information
Service, 100: 185-189.

138

Cvetkovic et al. ® Effects of different sucrose concentrations on some pa-
rameters of the life cycle in two wild Drosophila species
Silva-Soares, N.F., Nogueira-Alves, A., Beldade,
P., Mirth, C.K. 2017: Adaptation to new
nutritional environments: larval performance,
foraging decisions, and adult oviposition choices in
Drosophila suzukii. BMC ecology, 17: 21.

Tochen, S., Dalton, D.T., Wiman, N., Hamm, C.,
Shearer, P.W., Walton, V.M. 2014: Temperature-
related development and population parameters
for Drosophila suzukii (Diptera: Drosophilidae) on
cherry and blueberry. Environmental entomology,
43(2): 501-510.

ToSevski, I., Milenkovié, S., Krstié¢, O., Kosovac,
A., Jakovljevié, M., Mitrovi¢, M., Cvrkovi¢, T.,
Jovié, J. 2014: Drosophila suzukii (Matsumura,
1931)(Diptera: Drosophilidae): A new invasive pest
in Serbia. Zastita bilja, 65(3): 99-104.

https://bdsc.indiana.edu



