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ABSTRACT

Drosophila suzukii and Drosophila melanogaster feed on various fruits, causing great eco-
nomic losses. In order to find the optimum time for controlling D. suzukii and D. melano-
gaster, the daily rhythms of oviposition, egg hatch, pupation, adult eclosion, copulation, and 
feeding of these two pests were studied. We found the circadian rhythm of D. suzukii oviposi-
tion to have a single pattern with a peak from 20:00-24:00, while the peak oviposition of D. 
melanogaster was from 16:00-4:00 (the next day). Neither D. suzukii nor D. melanogaster 
showed a daily pattern of egg hatch; the single peak of egg hatch for D. suzukii occurred 24-
32 h after oviposition, while that for D. melanogaster followed a bimodal pattern, with the 
first peak of egg hatch from 0-4 h after oviposition and the second from 32-36 h after oviposi-
tion. Pupation in D. suzukii showed a single peak from 8:00~16:00, while in D. melanogaster 
pupation followed a bimodal pattern, with peaks from 4:00-8:00 and 12:00-20:00. Eclosion 
of of D. suzukii adults followed a unimodal pattern, and generally took place from 0:00-8:00, 
while that of D. melanogaster also showed a single peak, generally from 0:00-12:00. Mean-
while copulation of D. suzukii, which showed a bimodal pattern, was concentrated from 0:00-
12:00 and 20:00-24:00 (the next day), while copulation of D. melanogaster showed a single 
peak, generally from 0:00-12:00. Both D. suzukii and D. melanogaster had a preference for 
feeding in light, and in a 24 h photoperiod the percentages of feeding insects were 80.8and 
81.1, respectively.

Key Words: circadian rhythm, egg hatch, pupation, adult eclosion, feeding, copulation, ovi-
position

RESUMEN

Drosophila suzukii y Drosophila melanogaster se alimentan de varias especies de frutas, cau-
sando grandes pérdidas económicas. Con el fin de encontrar el momento óptimo para el control 
de D. suzukii y D. melanogaster, los ritmos diarios de la oviposición, la eclosión de los huevos, 
la fase de pupa, la eclosión de adultos, la cópula, y la alimentación de estas dos plagas fueron 
estudiados. Encontramos que el ritmo circadiano del la oviposición de D. suzukii tiene un patrón 
único con un pico de 20:00 a 24:00, mientras que el pico de oviposición de D. melanogaster fue 
de 16:00-4:00 (al día siguiente). Ni D. suzukii ni D. melanogaster mostraron un patrón diario de 
eclosión de los huevos; el único pico de eclosión de los huevos de D. suzukii ocurrió 24-32 horas 
(h) después de la oviposición, mientras que la de D. melanogaster siguieron un patrón bimodal, 
con el primer pico de eclosión de los huevos de 0-4 h después de la oviposición y el segundo 32-
36 h después de la oviposición. La pupación en D. suzukii mostró un solo pico de 8:00 a 16: 00, 
mientras que la pupación en D. melanogaster siguió un patrón bimodal, con picos de 4:00-8:00 
y 12:00-20:00. La eclosión de los adultos de D. suzukii siguió un patrón unimodal y en general 
se realizó entre 0:00-8:00, mientras que la de D. melanogaster también mostró un solo pico, 
generalmente entre 0:00-12:00. Mientras tanto, la cópula de D. suzukii, que mostró un patrón 
bimodal, se concentró entre 0:00-12:00 y 20:00-24:00 (al día siguiente), mientras que la copula-
ción de D. melanogaster mostró un solo pico, generalmente entre 0:00-12:00. Tanto D. suzukii y 
D. melanogaster tenían una preferencia para alimentarse en la luz y en un fotoperiodo de 24 h 
el porcentaje de insectos alimentandose fue 80.8 y 81.1, respectivamente.

Palabras Clave: ritmo circadiano, eclosión de los huevos, fase de pupa, eclosión de adultos, 
alimentación, cópula, oviposición
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Drosophila suzukii (Matsumura) (Diptera: 
Drosophilidae) and Drosophila melanogas-
ter Meigen (Diptera: Drosophilidae) are both 
important fruit pests. Drosophila suzukii is 
especially damaging to ripe cherries (Van der 
Linde et al. 2006). It’s hard, serrated ovipositor 
can easily pierce the fruit skin, inserting eggs 
within intact fruits with little visible damage 
from oviposition on the fruit surface. The lar-
vae hatching from eggs feed on the fruit, and 
cause it to soften, brown and completely rot. 
Many fruits are damaged by D. suzukii, includ-
ing blueberry, blackberry, cherry, strawberry, 
plums, peaches, grapes, figs, kiwi fruit and 
pears (Dreves et al. 2009). In the United States, 
losses of strawberry, blueberry and raspberry 
caused by D. suzukii reached 80, 40, and 70%, 
respectively (Bolda et al. 2011). With increased 
planting of fruit trees in China, D. melanogas-
ter has increased in importance as a pest of Chi-
nese bayberry and cherries. In Tianshui, Gansu 
Province, some late-maturing varieties of cher-
ries are especially susceptible to damage by D. 

melanogaster, and they suffer losses generally 
above 35%, and as high as 80% on some culti-
vars (Guo et al. 2007).

Daily biological rhythms are common in in-
sects (Pittendrigh 1993; Takahashi 1995). Many 
life activities of insects, such as phototaxis, body 
color change, migration, feeding, hatching, eclo-
sion, mating and oviposition exhibit a rhythm 
(Saunders 2002). It is helpful to determine the 
activity rhythms of populations of both beneficial 
and harmful insects as a basis for developing and 
improving methods for preventing or controlling 
the latter (Tu & Chen 2013). Applications of in-
sect pheromones in pest control developed in re-
cent decades, are based to some extent on studies 
of the timing of eclosion and rhythms of sexual ac-
tivities insect pest species, and it may be possible 
to further improve pheromone-based control tech-
nology through better understanding of the cir-
cadian rhythms of pest species (Ran et al. 2013). 
There have been many studies on the behavioral 
rhythms of D. melanogaster, but few on those of 
D. suzukii. This study examines the rhythms 

Fig. 1. The ovipositional rhythms of Drosophila suzukii and Drosophila melanogaster. Data represent the mean 
values ± SEM (n = 4) for 4-h periods, and histograms with different letters indicate a significant difference (P = 
0.05, Duncan’s multiple range test), i.e., lower case letters show a significant difference for D. suzukii, and upper 
case letters C show a significant difference for D. melanogaster. Fecundity of D. melanogaster was much greater 
than that of D. suzukii. Lights were turned on at 4:30 am and off at 20:30 pm.
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of both species with respect to oviposition, egg 
hatch, pupation, adult eclosion, feeding and copu-
lation. This information further understanding of 
the biological characteristics of D. suzukii and D. 
melanogaster these species, and may provide an 
important basis and technical guidance for their 
integrated control.

MATERIALS AND METHODS

Experimental Insects

Both D. suzukii and D. melanogaster were ob-
tained as larvae from infested fruit from cherry 
orchards in Tai’an, Shandong Province in May 
2012, and flies were then raised in an insectary 
for about 11 generations at 25 ± 1 °C, 70 ± 5% RH, 
and 16:8 h (L:D) with the lights were turned on 
at 4:30 am and off at 20:30 pm. This light regime 
approximated the local natural photoperiod. The 
off light intensity was 10,000 lux. Table grapes 

(‘Kyoho’ grape cultivar, Vitis vinifera L.; Vital-
es: Vitaceae), purchased from the market, were 
rinsed 3 times in distilled water and dried and 
cut into halves for adult oviposition and larval 
development. The average weight of each grape 
was 20.38 g.

Oviposition Rhythm

Females 4-6 days after emergence were used 
for quantifying the oviposition rhythm. These fe-
males had mated and could have laid eggs for 2-3 
days. Each group had 5 individual females with 4 
replicates of either D. suzukii or D. melanogaster. 
They were placed into circular insectary bottles 
(2000 mL flat drum glass bottles) containing one 
fresh grape cut into halves. The grapes were re-
placed every four hours for 48 h, and the number 
of eggs laid was determined. The experiment was 
replicated 4 times.

Fig. 2. The incubation rhythms of Drosophila suzukii and Drosophila melanogaster. Data represent the mean 
values ± SEM (n = 5) at 4 h, and significant differences at P = 0. 05 by Duncan multiple range test. Most D. suzukii 
eggs hatched with a single peak at 24-32 h after the eggs were laid, but D. melanogaster eggs hatched with two 
peaks, one at 4 h and the second at 32-36 h after eggs were laid. Error bars topped with different letters are signifi-
cantly different.Lights were turned on at 4:30 am and off at 20:30 pm.
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Hatching Rhythm

Grapes were cut into halves and placed in 
the circular bottle described above with the 
cut surface upward to provide food for the fruit 
flies. A certain number of either mated D. su-
zukii or D. melanogaster females were selected 
and each cohort was held in a bottle usually for 
4 h to lay eggs. The number of new larvae from 
hatched eggs was counted every 4 h after ovipo-
sition for a continuous 48 h observation period. 
The experiment was replicated 5 times for each 
species.

Pupation Rhythm

In this experiment, each group had 40 individ-
ual 3rd instar larvae of either D. suzukii or D. me-
lanogaster. The larvae were reared in petri dishes 
(12 cm dia., 1.5 cm high), and fed mashed grapes. 
The number of pupae was counted every 4 h over 
48 h. The experiment was replicated 5 times.

Adult Eclosion Rhythm

In this experiment, each group had 30 pupae 
of either D. suzukii or D. melanogaster. The pu-
pae were placed in petri dishes (12 cm dia, 1.5 
cm high) with cotton soaked in distilled water 
to stabilize the relative humidity. Total emer-
gence and the numbers of eclosed males and 
females were calculated every 4 h over a 48 h 
observation period. The experiment was repli-
cated 5 times.

Copulation Rhythm

Two hundred unmated male and 200 female 
D. suzukii flies were selected and held separately 
by sex in 2,000 mL flat drum bottles. After 12 h, 
the males and females were divided into 4 groups 
each with 50 of each gender, and the number of 
pairs of mated flies was counted every 4 h over 48 
h. The identical experiment was conducted with 
D. melanogaster.

Fig. 3. The pupation rhythms of Drosophila suzukii and Drosophila melanogaster. Data represent values ± SEM 
(n = 5) in 4 h observation periods, at 4 h, and histograms with different letters indicate a significant difference (P 
= 0.05, Duncan’s multiple range test). Most D. suzukii larvae pupated with a single peak between 8:00 to 16:00, 
but most D. melanogaster larvae pupated with two peaks, one at 4:00-8:00 and the second at 12:00-20:00. Error 
bars topped with different letters are significantly different. Lights were turned on at 4:30 am and off at 20:30 pm.
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Feeding Rhythm

Two hundred healthy adults of either D. su-
zukii or D. melanogaster were released into a 
closed screened cage (1.0 × 0.8 × 0.8 m). A trans-
parent plastic bottle filled with a 10 mL honey-
water mixed with 1 mL emamectin benzoate 
(2.2%) solution was hung in the cage and the 
numbers of flies feeding from the bottle every 4 
h over 48 h period were counted. The experiment 
was replicated 4 times.

Statistical Analysis

The means were assessed with one-way ANO-
VA, significant differences (P < 0.05) were tested 
with Duncan’s test. All statistics were analyzed 
in SPSS 17.0.

RESULTS

Oviposition Rhythm

In this experiment, Drosophila suzukii females 
laid a total of 1,297 eggs, with the egg-laying peak 

extending from 20:00-24:00. In this peak each fe-
male laid an average of 33 eggs, which accounted 
for 50.9% of the eggs one female laid in a single 
light cycle. Likewise D. melanogaster females laid 
a total of 2,743 eggs, with the egg-laying peak ex-
tending across 16:00-4:00 (the next day). During 
this protracted peak each female laid and average 
of 128.06 eggs, which accounted for 93.4% of the to-
tal per female in a single circadian period (Fig. 1).

Egg Hatching Rhythm

In total, 132 D. suzukii eggs and 130 D. me-
lanogaster eggs were observed to hatch per 5-fe-
male replicate; i.e., an average of 26.4 and 26.0 
per female, respectively. Per replicate an average 
19.8 D. suzukii eggs of hatched 24~32 h after the 
eggs were laid; i.e., 75% of the eggs that hatched. 
Hatching of D. melanogaster occurred in 2 peaks, 
the first at 0~4 h and the second 32~36 h after 
oviposition. In the first peak 7.0 eggs hatched, 
and in the second peak, 11.0 eggs hatched. These 
two peaks accounted for 26.9% and 42.3% of the 
total eggs that hatched, respectively (Fig. 2). No 

Fig. 4. The eclosion rhythms of Drosophila suzukii males and females. Most adults emerged during the hours 
that correspond to dawn. The number of females was larger than the number of males. Error bars topped with dif-
ferent letters are significantly different. Lights were turned on at 4:30 am and off at 20:30 pm.
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photoperiodic rhythm of egg hatching was found 
in either species.

Pupation Rhythm

A total of 181 third-instar D. suzukii larvae pu-
pated, i.e., an average of 36.2 pupae per 5-female 
replicate. Pupation occurred in a single major peak 
from 8:00~16:00 during which 21.2 pupae were 
formed, accounting for 58.6% of the pupae. In con-
trast, 161 D. melanogaster larvae pupated, i.e., an 
average of 32.2 pupae per 5-female replicate. Most 
pupation occurred in 2 peaks from 4:00-8:00 and 
12:00-20:00. During the first peak 7.6 pupae were 
formed and during the second peak 17.4 pupae 
were formed. These peaks accounting for 23.6% and 
54.0% of the pupae, respectively (Fig. 3).

Adult Eclosion Rhythm

Adults emerged from 138 D. suzukii pupae and 
from 206 D. melanogaster pupae. Both species ex-
hibited a unimodal pattern of emergence with a 

peak during the 0:00~8:00 period. The eclosion 
rates for D. suzukii and D. melanogaster were 
78.3% and 83.6%, respectively (Figs. 4 and 5).

Copulation Rhythm

Drosophila suzukii adults were observed to 
mate 192 times. Matings were distributed in a bi-
modal pattern and both two peaks occurred from 
20:00~12:00 (the next day). These two peaks ac-
counted for 89.6% of the total matings. In con-
trast, the 217 matings of D. melanogaster were 
generally concentrated in the period 0:00~12:00, 
and this peak accounted for 96.8% of the total 
copulations (Fig. 6).

Feeding Rhythm

A total of 638 D. suzukii and 752 D. melanogas-
ter adults were trapped during the observation 
period. Both species were found to favor feeding 
during the photophase. During 4:00-20:00, 128.8 

Fig. 5. The eclosion rhythms of Drosophila melanogaster males and females. Most adults emerged during the 
hours that correspond to dawn. The number of females was larger than the number of males. Error bars topped 
with different letters are significantly different. Lights were turned on at 4:30 am and off at 20:30 pm.
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D. suzukii and 152.5 D. melanogaster adults were 
found to feed, i.e., on average 80.8% and 81.1%, 
respectively. The study revealed that slightly 
more flies of both species tended to feed during 
the forenoon than in the afternoon, i.e., 42.5% of 
D. suzukii and 45.0% of D. melanogaster fed dur-
ing the forenoon (Fig. 7).

DISCUSSION

Reports on the ovipositional rhythms of in-
sects began to appear in the 1950s and have 
gradually increased in recent years (Haddow & 
Gillett 1957; Pittendrigh & Minis 1964; Minis 
1965). These reports included research on Os-
trinia nubilalis and Rhodnius prolixus (Skopik 
& Takeda 1980; Ampleford & Davey 1989). Sev-
eral studies on the ovipositional rhythms of 
fruit flies have involved D. melanogaster, other 
Drosophila spp. and Zaprionus spp. (Rensing 
& Hardeland 1967; Gruwez et al. 1972; David 
& Fouillet 1973; Allemand 1974, 1976a, 1976b, 

1976c, 1977). Fleugel (1978) studied the egg pro-
duction of D. melanogaster individuals in weak 
light of the light-dark cycle, and found an ovi-
position rhythm under 12:12 h L:D conditions, 
which he held to be the hourglass timing mecha-
nism, not an endogenous rhythm. Many recent 
studies, however, have found that wild and mu-
tant varieties of fruit flies also display rhythmic 
oviposition (McCabe & Birley 1998; Sheeba et al. 
2001). This study found the oviposition of both 
D. suzukii and D. melanogaster followed a circa-
dian rhythm, with the effects of light having a 
greater effect on D. suzukii, which showed two 
oviposition peaks compared to one peak by D. 
melanogaster.

A previous study on Dacus tryoni found that the 
rhythm of egg hatching played a certain role in to-
tal egg development (Bateman 1955). Meanwhile, 
our study found that neither Drosophila species 
displayed a photoperiodic rhythm for egg hatch, 
nor while both species’ eggs may contain a timing 
mechanism, it is not related to the circadian system.

Fig. 6. The copulation rhythms of Drosophila suzukii and Drosophila melanogaster. Data represent the mean 
values ± SEM (n = 4) in 4 h observation periods. Few matings of either species were observed between 12:00 and 
20:00. Error bars topped with different letters are significantly different. Lights were turned on at 4:30 am and off 
at 20:30 pm.
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While the behavior of Sarcophagidae larvae 
before pupation and adult eclosion were found 
to be rhythmic (Saunders 1986), pupation itself 
was not rhythmic (Richard et al. 1986), possibly 
because pupation occurred underground. The 
two Drosophila species in this study, however, 
both showed different pupation rhythms and the 
process occurred aboveground. As peak pupation 
of D. suzukii was in the morning, it seems likely 
that light promotes the formation of the pupari-
um. The two peaks of D. melanogaster occurred 
in the morning and afternoon, and such a rhythm 
may serve to protect the newly emerged adults 
from the effects of intense sunlight.

Emergence rhythms of a variety of insects have 
been studied, but those of Drosophila spp. have 
been reported on in the most detail. The circadian 
rhythm period of Drosophila emergence is about 
24 h, and the eclosion rhythms are endogenous. 
The emergence of Drosophila pseudoobscura, for 
instance, is usually concentrated at dawn, and 
the peak shifts with changing photoperiod (Pit-

tendrigh 1965). For example, the emergence peak 
occurred before dawn under short illumination 
conditions (light periods shorter than 6-7 h), af-
ter dawn under long photoperiod conditions, and 
from 2~3 h after the start of the photoperiod un-
der 12:12 h L:D conditions (Bünning 1935). This 
study found that both D. suzukii and D. melano-
gaster had a single peak, generally concentrated 
from 0:00~8:00 and 0:00~12:00, respectively. One 
of the possible explanations is that relative hu-
midity and cool air favor the expansion of wings 
in newly emerged adults, and high temperatures 
disturb the process of wing expansion significant-
ly (Tanaka & Watari 2009; Shereen & Shakuntha-
la 2012). In addition, among the newly emerged 
adults of the two species, females were found to 
outnumber males, and this may be related to the 
carbon/nitrogen ratio in the diet.

While a mating rhythm controlled by an en-
dogenous biological clock has been confirmed in 
some insects (Smith 1979), the mating behavior of 
insects is affected to some extent by photoperiod. 

Fig. 7. The feeding rhythms of Drosophila suzukii and Drosophila melanogaster. Data represent the mean val-
ues ± SEM (n = 4) in 4 h observation periods. Both species fed more extensively during the photophase than during 
the scotophase. Error bars topped with different letters are significantly different. Lights were turned on at 4:30 
am and off at 20:30 pm.
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The mating rhythms of Anastrepha ludens (Flit-
ters 1964) and Dacus tryoni (Tychsen & Fletcher 
1971) both showed a certain light-based cycle. 
Our study found that D. suzukii mating had a 
bimodal pattern, with the peak concentrating 
in 20:00 ~ 12:00 (the next day), indicating that 
individuals’ mating ability might be affected by 
light duration in one photoperiod. The mating of 
D. melanogaster was unimodal, with more than 
50% concentrated in the 4 h immediately after 
the dark period and more than 80% in the 8 h 
following the dark period, showing an extremely 
significant effect of photoperiod.

No research on the feeding rhythm of fruit 
flies has been found, but other studies found that 
cockroaches are the most active at night and usu-
ally feed in the dark. The American cockroach, 
Periplaneta americana feeds in the early to mid-
dark period, exhibiting an endogenous circadian 
rhythm (Lipton & Sutherland 1970). Nymphs 
and adults of the cricket Acheta domesticus also 
showed a feeding rhythm (Nowosielski & Patton 
1963). In laboratory experiments, bumble bee for-
agers showed free-running circadian rhythms in 
both LL and DD, with mean free-running periods 
significantly shorter in LL than DD (Stelzer et al. 
2010). In addition, Xiao et al. (2009) found that a 
wild variety of D. melanogaster exhibited an ob-
vious bimodal feeding pattern with peaks in the 
morning and evening. In our study, both D. su-
zukii and D. melanogaster individuals preferred 
to feed in the light, with the percentage of feeding 
individuals in the morning being slightly larger 
than that in the afternoon.

The damage caused by Drosophila larvae feed-
ing inside fruit is imperceptible at first, and as 
the systemic use of insecticides increases the risk 
of residues in fruit, adult trapping techniques are 
an important tool in the prevention and control of 
fruit flies (Sun et al. 2005). Behavioral rhythms 
factor into the control of D. suzukii and D. mela-
nogaster, and an understanding of these patterns 
should be helpful in the forecasting populations 
and further improving the control of these pest 
species.

ACKNOWLEDGMENTS

We would like to thank professor Dong Chu and 
Fangqiang Zheng for their generous help with editing. 
This work was supported by the Shandong Provincial 
Modern Agricultural Industry Technology System Inno-
vation Team Foundation, China (SDAIT-03-022-08) and 
Ministry of Agriculture Agricultural Research Excep-
tional Talents and Innovation Team Foundation, China.

REFERENCES CITED

ALLEMAND, R. 1974. Importance evolutive du comporte-
ment de ponte chez les insects: comparaison du 
rythme circadien d’oviposition chez les six especes de 
Drosophila du sous-groupe melanogaster. Comptes 

rendus hebdomadaires des séances de l’Académie 
des Sciences 279: 2075-2077.

ALLEMAND, R. 1976a. Importance adaptative du rythme 
circadien de ponte chez les drosophilides: comparai-
son de huit especes du genre Zaprionus. Comptes 
rendus hebdomadaires des seances Serie D. Sciences 
naturelles 282: 85-88.

ALLEMAND, R. 1976b. Influence de modifications des 
conditions lumineuses sur les rythmes circadiens de 
vitellogenese et d’ovulation chez Drosophila melano-
gaster. J. Insect Physiol. 22: 1075-1080.

ALLEMAND, R. 1976c. Les rythmes de vitellogenese et 
d’ovulation en photoperiode LD 12: 12 de Drosophila 
melanogaster. J. Insect Physiol. 22: 1031-1035.

ALLEMAND, R. 1977. Influence de l’intensite 
d’eclairement sur l’expression du rythme journalier 
d’oviposition de Drosophila melanogaster en condi-
tions lumineuses LD 12: 12. Comptes rendus heb-
domadaires des seances. Serie D. Sciences naturel-
les 284: 1553-1556.

AMPLEFORD, E., AND DAVEY, K. 1989. Egg laying in 
the insect Rhodnius prolixus is timed in a circadian 
fashion. J. Insect Physiol. 35: 183-187.

BATEMAN, M. 1955. The effect of light and temperature 
on the rhythm of pupal ecdysis in the Queensland 
fruit-fly, Dacus (Strumeta) tryoni (Frogg.). Austra-
lian J. Zool. 3: 22-33.

BOLDA, M., TOURTE, L., AND KLONSKY, K. M. 2011. Sam-
ple costs to produce fresh market raspberries: cen-
tral coast, Santa Cruz and Monterey Counties. Univ. 
California Coop. Ext. http://coststudies.ucdavis.edu/
files/raspberrycc.

BÜNNING, E. 1935. Zur Kenntniss der endogonen Tag-
esrhythmik bei Insekten und Pflanzen. Berichte 
Deutschen Bot. Ges. 53: 594-623.

DAVID, J., AND FOUILLET, P. 1973. Enregistrement 
continue de la ponte chez Drosophila melanogaster 
et importance des conditions expeimentales pour 
l’etude du rythme circadien d’oviposition. Rev. Com-
pare Animal 7: 197-202.

DREVES, A. J., WALTON, V. M., AND FISHER, G. C. 2009. 
A new pest attacking healthy ripening fruit in Or-
egon: spotted wing Drosophila: Drosophila suzukii 
(Matsumura). Corvallis, OR Ext. Serv., Oregon State 
Univ.

FLEUGEL, W. 1978. Oviposition rhythm of individual 
Drosophila melanogaster. Experientia 34: 65-66.

FLITTERS, N. 1964. The Effect of Photoperiod, Light 
Intensity, and Temperature on Copulation, Oviposi-
tion, and Fertility of the Mexican Fruit Fly . J. Econ. 
Entomol. 57: 811-813.

GUO, J. 2007. Bionomics of fruit flies, Drosophila mela-
nogaster, damage cherry in Tianshui. Chinese Bull. 
Entomol. 44: 743-745 In Chinese.

GUO, D. J., JIANG, H., ZHANG, Y. H., ZHANG, C. L., AND 
YANG, H. B. 2007. Occurrence of Drosophila melano-
gaster and Drosophila immigrans in Aba Prefecture. 
Plant Prot. 33 : 134-135 In Chinese.

GRUWEZ, G., HOSTE, C., LINTS, C., AND LINTS, F. 1971. 
Oviposition rhythm in Drosophila melanogaster and 
its alteration by a change in the photoperiodicity. Ex-
perientia 27: 1414-1416.

HADDOW, A., AND GILLETT, J. 1957. Observations on the 
oviposition-cycle of Aedes (Stegomyia) aegypti (Lin-
naeus). Ann. Trop. Med. Parasitol. 51: 159-169.

LIPTON, G., AND SUTHERLAND, D. 1970. Feeding rhythms 
in the American cockroach, Periplaneta americana. 
J. Insect Physiol. 16: 1757-1767.

Downloaded From: https://complete.bioone.org/journals/Florida-Entomologist on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



 Lin et al.: Behavioral Rhythms of Drosophila 1433

MCCABE, C., AND BIRLEY, A. 1998. Oviposition in the 
period genotypes of Drosophila melanogaster. Chro-
nobiol. Intl. 15: 119-133.

MINIS, D. 1965. Parallel peculiarities in the entrain-
ment of a circadian rhythm and photoperiodic in-
duction in the pink bollworm (Pectinophora gos-
sypiella). Circadian Clocks 110(1): 333-343.

NOWOSIELSKI, J., AND PATTON, R. 1963. Studies on cir-
cadian rhythm of the house cricket, Gryllus domes-
ticus L. J. Insect Physiol. 9: 401-410.

PITTENDRIGH, C. S. 1965. On the mechanism of en-
trainment of a circadian rhythm by light cycles, pp. 
277-297 In J. Aschoff [ed.], Circadian Clocks. Am-
sterdam: North-Holland Publishing Co.

PITTENDRIGH, C. S. 1993. Temporal organization: re-
flections of a Darwinian clock-watcher. Annu. Rev. 
Physiol. 55: 17-54.

PITTENDRIGH, C .S., AND MINIS, D. H. 1964. The en-
trainment of circadian oscillations by light and 
their role as photoperiodic clocks. American Nat. 
98: 261-294.

RAN, H.F., LU, Z.Y., LIU, W.X., QU, Z.Q., AND LI, J. C. 
2013. The sex ratio, circadian emergence rhythm 
and activity patterns of adult oriental fruit moth, 
Grapholitha molesta ( Busck) ( Lepidoptera: Tor-
tricidae). Chinese J. Applied Entomol.. 50(6): 1524-
1531 (in Chinese).

RENSING, L., AND HARDELAND, R. 1967. Zur Wirkung 
der circadianen Rhythmik auf die Entwicklung von 
Drosophila. J. Insect Physiol. 13: 1547-1568.

RICHARD, D., SAUNDERS, D., EGAN, V., AND THOMSON, 
R. 1986. The timing of larval wandering and pu-
parium formation in the flesh-fly Sarcophaga ar-
gyrostoma. Physiol. Entomol. 11: 53-60.

SAUNDERS, D. S., 1986. Many circadian oscillators 
regulate developmental and behavioural events in 
the flesh-fly, Sarcophaga argyrostoma. Chronobiol. 
Intl. 3: 71-83.

SAUNDERS, D. S. 2002. Insect Clocks, 3rd edn. Pergam-
on Press, Oxford.

SHEEBA, V., CHANDRASHEKARAN, M., JOSHI, A., AND 
SHAMA, V. K. 2001. Persistence of oviposition 
rhythm in individuals of Drosophila melanogaster 
reared in an aperiodic environment for several hun-
dred generations. J. Exp. Zool. 290: 541-549.

SHEREEN, K., AND SHAKUNTHALA, V. 2012. Eclosion be-
havior of three species of Drosophila under different 
light regimes. Indian J. Exp. Biol. 50(9): 1-5.

SKOPIK, S. D., AND TAKEDA, M. 1980. Circadian control of 
oviposition activity in Ostrinia nubilalis. American J. 
Physiol. 239: 259-264.

SMITH, P. H. 1979. Genetic manipulation of the circadian 
clock’s timing of sexual behaviour in the Queensland 
fruit flies, Dacus tryoni and Dacus neohumeralis. 
Physiol. Entomol. 4: 71-78.

STELZER, R. J., STANEWSKY, R., AND CHITTKA, L. 2010. 
Circadian foraging rhythms of bumblebee are 
monitored by radiofrequency identification. J. Biol. 
Rhythm. 25(4): 257–262.

SUN, D. W., CAO, J. F., YANG, M. Y., YANG, H. Y., YANG, 
M. L., YANG, J. L., AND YANG, W. Z. 2005. Evaluation 
of Control Efficacy and Duration of 0.3% Azadirachtin 
emulsion against waxberry Drosophila Pesticides. 
Pesticides 44: 525–526 In Chinese.

TAKAHASHI, J. S. 1995. Molecular neurobiology and ge-
netics of circadian rhythms in mammals. Annu. Rev. 
Neurosci. 18: 531-553.

TANAKA, K., AND WATARI, Y. 2009. Is early morning adult 
eclosion in insect an adaptation to the increased mois-
ture at dawn? Biol. Rhythm. Res. 40(4): 293-298.

TU X. Y., AND CHEN Y. S. 2013. Circadian Behavioral 
Rhythms in Moths. Biol. Disaster Sci, 36(1): 18-21 (in 
Chinese).

TYCHSEN, P. H., AND FLETHER, B. S. 1971. Studies on the 
rhythm of mating in the Queensland fruit fly, Dacus 
tryoni. J. Insect Physiol. 17: 2139-2156.

VAN DER LINDE, K., STECK, G. J ., HIBBARD, K., BIRD-
SLEY, J. S., ALONSO, L. M., AND HOULE, D. 2006. 
First records of Zaprionus indianus (Diptera: Dro-
sophilidae), a pest species on commercial fruits from 
Panama and the United States of America. Florida 
Entomol. 89: 402-404.

XIAO, C. Y., CONG, X. N., LIU, X. X., ZHANG, Q. W., AND 
ZHAO, Z. W. 2009. Circadian rhythms and diurnal 
time allocation in Drosophila melanogaster adults. 
Chinese Bull. Entomol. 46: 298-301.

YANG, Y. S., REN, G. Y., YAO, D. F., LI, Y. Q., AND LOU, 
H. B. 1998. Effect of killing Drosophila melanogaster 
with food bait in red bayberry. Guizhou Agric. Sci. 26: 
25-29 In Chinese.

Downloaded From: https://complete.bioone.org/journals/Florida-Entomologist on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


