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Introduction 
 

Recently, insect mass-rearing has been 
widely conducted to produce biological 
agents and sterile insects to control 
target pests on an area-wide level. Insect 
mass-rearing systems require quality control 
of the mass-reared insects. Quantitative 
genetic studies of the life history and 
behavioral traits are important in the 
quality control of insect mass-rearing 
programs. In the first place, Finney and 

Fisher (1964) stated that the goal of a 
mass-culture program is to produce the 
maximal number of target insects with 
minimal man-hours and space, in as 
short a time and as inexpensively as 
possible (i.e., production efficiency). However, 
production efficiency raises a new problem 
of reduced quality in mass-produced 
insects. The idea of quality control was 
introduced in the latter half of the 1960s 
(Baumhover et al., 1966). In 1971, a 
symposium on “The Implications of 
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Permanent Insect Production” was held in 
Rome. At the symposium, Boller (1972) 
stressed aspects of behavior in the quality 
of mass-reared insects, while Mackauer 
(1972, 1976) described the genetic basis of 
changes in physiological and behavioral 
traits of mass-reared insects. Since then, 
these topics have been frequently discussed 
in the framework of sterile insect 
techniques (e.g., Chambers, 1977; Nakamori, 
1988; Calkins, 1989; Calkins et al., 1994; 
Miyatake, 1998a; Suenaga et al., 2000; 
Cayol, 2000). Hence, the importance of 
the genetic background for variation in 
traits has been observed in mass-rearing 
projects involving fruit flies (Leppla, 1989; 
Miyatake, 1996a, 1998a). 

During the eradication project for the 
melon fly by a sterile insect technique 
(SIT) in Okinawa Japan (Koyama et al. 
2004), deterioration in quality of the 
mass-reared melon flies was observed 
(Soemori et al., 1980; Suzuki and Koyama, 
1980, 1981; Nakamori and Soemori, 1981; 
Iwahashi et al., 1983; Kuba et al., 1984). 
The deterioration included the following 

two aspects: (1) a phenotypic effect (i.e., a 
decrease in vigor due to poor nutrition 
and overcrowding in the mass-rearing 
system), and more importantly, (2) genetic 
effects (i.e., changes in behavior due to 
genetic changes that took place during 
continuous mass-rearing or domestication) 
(Itô et al., 1993). In the mass-production 
system of Okinawa, great efforts were 
made to maintain the quality of mass- 
reared flies to that of wild flies (Itô and 
Kakinohana, 1995). However, some intentional 
selections were made in the earlier stages 
of the mass-rearing program to increase 
production efficiency. For example, flies 
were selected to oviposit at an earlier age 
in adult life (Soemori and Nakamori, 1981), 
and to shorten larval developmental times 
(Miyatake and Yamagishi, 1999). 
 
Differences between Wild and Mass- 
reared Melon Fly Strains 
 

Differences in some characteristics 
between wild and mass-reared melon fly 
strains have been extensively studied in 
Okinawa (see Miyatake 1998a for details). 
Sixteen experiments comparing wild and 
mass-reared melon flies were conducted 
for 27 traits. They could be grouped into 
three categories: (1) life-history traits, (2) 
behavioral traits, and (3) physiological 
traits. Life-history traits included three 
characters: reproduction, duration and 
timing in life-history, and variation among 
individuals. In reproduction, mass-reared 
flies had greater fecundity, a higher 
percentage of females that laid eggs, 
higher egg hatchability, higher frequency 
of oviposition, and a larger number of 
matings, than did wild flies. Mass-reared 
flies had shorter stage periods of their 
life-history than did wild flies. The 
mass-reared flies had smaller individual 
variations in the pre-oviposition period, 
in fecundity, in the frequency of oviposition, 
and in the number of matings than did 
wild ones, whereas individual variations 
in longevity and the pre-mating period 
were similar. Behavioral traits included 
dispersal ability and mating behavior. 
The flight abilities measured by a flight 
mill system in the laboratory and the 
dispersal ability measured by the mark- 
recapture method of mass-reared flies in 
the field were lower than those of wild 
flies. Recapture rates in traps of mass- 
reared flies in the field were lower than 
those of wild flies. The mating time of 
day (i.e., the time when copulation began) 
of mass-reared flies was earlier than that 
of wild flies. Wing vibration behavior, 
which is performed before mating to emit 
male sex pheromones (Kuba and Sokei, 
1988), began earlier in mass-reared flies 
than in wild flies. However, when mass- 
reared flies were reared in field cages, 
mating took place mainly on tree leaves 
as it did with wild flies. There was no 
difference in the diurnal rhythm of CO2 
output, a physiological trait of the fly. 
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Introduction, Establishment, and 
Successive Rearing 
 

Factors during the introduction and 
establishment of wild flies in the 
laboratory and successive rearing may have 
caused these characteristic differences 
between wild and mass-reared flies. 
When introducing a wild population from 
the field, the genetic variability of the 
base population is important (due to the 
founder effect). Initially, during rearing, 
individuals are selected to better adapt to 
the artificial rearing conditions: for 
example, adaptation to an artificial diet, 
rearing temperature and humidity, and 
limited space in the rearing cages. If the 
population size decreases drastically due 
to ill-adaptation to the artificial rearing 
conditions during this stage, the population 
might face a bottleneck effect that decreases 
the genetic variability of the population. 
Thereafter, we could obtain a strain (a 
laboratory stock) that was well adapted 
to laboratory conditions (establishment). 
In the laboratory stock, inbreeding depression 
and random genetic drift are important 
when the effective number of breeding 
individuals or the effective population 
size, Ne, is small (Hill, 1982). However, 
artificial selection pressures have important 
effects when Ne is large enough for 
selection to overcome genetic drift (Crow 
and Kimura, 1970). 

In the melon fly eradication project 
of Okinawa Prefecture (Koyama et al. 
2004), 19,281 larvae were collected from 
fields for use in establishing a mass- 
rearing strain (Kakinohana, 1996). The 
founder effect could be ignored, because 
the introduced population was huge. Therefore, 
bottleneck effects were never reported in 
the mass-reared melon flies of Okinawa. 
Some life-history traits were artificially 
selected for during the establishment of 
the mass-reared strain. For example, flies 
that developed faster, oviposited earlier, 
and laid more eggs than other flies were 
intentionally selected for the next generation 

(Soemori and Nakamori, 1981). Such traits 
are preferred for eradication projects, 
which require the release of a huge number 
of flies. Evidently, the established strain 
for mass rearing was more fecund and 
began oviposition far earlier than did 
wild flies (Sugimoto, 1978; Soemori and 
Nakamori, 1981), and had a shorter 
development period than wild flies 
(Miyatake, 1993). Unintentional selection 
also occurred during the mass-rearing 
project. For example, flies that had a 
higher mating ability in an adult cage, in 
which fly density was abnormally high 
compared to natural conditions (Soemori 
et al., 1980; see also Miyatake and 
Haraguchi, 1996), and flies that began 
mating behavior earlier in the day than 
wild flies (Suzuki and Koyama, 1980; 
Kuba and Koyama, 1982) would have a 
selective advantage. In short, artificial 
selection pressures may have more drastic 
effects than inbreeding depression and 
random genetic drift in the mass-reared 
strain of the Okinawan melon fly. This is 
because a huge number of flies were 
collected from fields as the base 
population for the mass-rearing, and 5 × 
106 adult flies were maintained throughout 
the mass-rearing process (Kakinohana, 
1996). 

 
Heritability Estimates 
 

Genetic variance of target traits is 
necessary to respond to selection, and 
thus, enable improvement of these traits. 
Heritability, h2, is a commonly used 
index of genetic variance. Assuming no 
epistasis and the statistical independence 
of loci, total phenotypic variance, VP, is 
divided into the following variance 
components: 
 

VP = VA + VD + VE; 
 

where VA is the additive genetic variance, 
VD is the dominance variance, and VE is 
the environmental variance. 
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Genetic variance, VG, is represented by 
VA + VD. In general, heritability in the 
narrow sense is defined as  
 

h2=VA/VP (= additive genetic variance 
/ total phenotypic variance). 

 
Heritability varies between zero and 

one; at zero there is no resemblance 
between parent and offspring due to the 
additive effects of genes, while at one, the 
mean offspring value equals the midparent 
value. 

Three methods are commonly used to 
estimate heritability: (1) offspring-parent 
regression, (2) sib analysis, and (3) realized 
heritability from selection experiments. For 
detailed methods to estimate heritability, 
see Falconer (1989), Becker (1992) and 
Lynch and Walsh (1998). 

Heritabilities were measured in five 
traits of the mass-reared melon fly of 
Okinawa. Heritabilities measured for 
morphological traits included adult body 
size: 0.327 (Nakamori, unpubl. data), pupal 
weight: 0.382 (Nakamori and Murakami, 
unpubl. data), and wing length: 0.542 
(Miyatake, unpubl. data). Heritabilities of 
life-history traits measured by realized 
heritability included developmental period 
(from egg to adult emergence) for males 
0.217-0.246, and for females 0.226-0.250, 
each for the two replicate lines, respectively 
(Miyatake, 1995). Heritability in the 
pre-mating period was measured as 0.254 
by sib-analysis (Miyatake, 1998b). The 
heritability estimates for the three 
morphological traits were higher than 
those of the two life-history traits. In general, 
characters with the lowest heritabilities 
are those most closely connected with 
reproductive fitness, such as life-history 
traits, while characters with the highest 
heritabilities, such as morphological traits, 
are those that might be judged to be the 
least important as determinants of natural 
fitness (Falconer, 1989). 
 
Artificial Selection Experiments 

 
Two life-history traits, the age at 

reproduction and developmental period, 
were intentionally selected to improve 
the production efficiency of mass-reared 
melon flies of Okinawa (Soemori and 
Nakamori, 1981; Miyatake and Yamagishi, 
1999). Therefore, artificial selection for the 
traits of age at reproduction (Miyatake, 
1997a) and developmental period (Miyatake, 
1995) was conducted to examine the 
direct and correlated responses to these 
selections. The lines originating from the 
eggs collected at different ages were 
named young lines (Y-lines: eggs collected 
at 10-15 days after emergence), and old 
lines (O-lines: eggs collected at 55-60 
days). Three selection replicates for young 
and old lines were initiated at the same 
time. Another selection for shorter (S-lines) 
and longer (L-lines) developmental period 
lines were also selected (Miyatake, 1995). 
Two selection replicates for S- and L-lines 
were initiated at the same time. 

Females from the O-lines survived 
longer than did Y-line females as an 
indirect and/or direct response to selection 
(Miyatake, 1997a). Females from the 
Y-lines had higher fecundites at an early 
age, shorter pre-oviposition periods, and 
an earlier age of peak fecundity period 
than females from the O-lines. However, 
total fecundity per lifespan did not differ 
between the two lines. These results 
suggest a genetic trade-off between early 
fecundity and longevity in the population 
examined, which may be controlled by 
pleiotropy or linkage. The larval period of 
the O-lines was longer than that of the 
Y-lines, but there were no significant 
effects on the hatchability of eggs, or on 
the pre-adult survival rate. By monitoring 
their locomotor activities, the circadian 
period in constant darkness (i.e., free- 
running period) was compared between 
selected lines. And the time of mating in 
a day was also measured for both lines. 
Results showed that flies from the Y- 
lines had shorter circadian periods and 
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earlier mating times than did flies from 
the O-lines (Miyatake, 2002a). 

Although selection for a longer 
developmental period was successful, 
selection for a short developmental period 
showed only a slight response (Miyatake, 
1995). The selection responses for a long 
developmental period were mainly due to 
a prolonged larval period. Comparisons of 
the adult body size and pre-adult survival 
rate revealed that the longer developmental 
period was associated with larger adults, 
but they also had lower survival rates 
during the larval and pupal stages. There 
were no consistent differences in the 
eight life-history traits between long and 
short lines (Miyatake, 1996b). A later 
time of mating was associated with 
longer developmental periods than those 
of short developmental periods (Miyatake, 
1997b). When comparing the circadian 
period between lines, longer developmental 
periods were associated with longer 
circadian periods, and shorter developmental 
periods were associated with shorter 
circadian periods (Shimizu et al., 1997). 
The results of crossing the flies in the 
selected lines pointed to a major gene 
(with the contribution of a few minor 
genes) controlling the circadian period. 
This suggests the existence of a gene 
pleiotropically controlling developmental 
and circadian periods in the melon fly 
(Shimizu et al., 1997). 
 
Clock Genes, Reproductive Isolation, 
and Quality Control 
 

Studies on reproductive isolation were 
conducted using the melon fly (Miyatake 
and Shimizu, 1999; Miyatake et al., 2002). 
Melon fly lines artificially selected for 
short and long developmental periods 
differ in their circadian periods and thus 
in their preferred times of mating during 
the evening as described above (Miyatake, 
1997b). This allochronic difference translated 
into significant pre-mating reproductive 
isolation, as measured by mate choice 

tests (Miyatake and Shimizu, 1999). In 
some cases, such a mechanism could 
explain the evolution of reproductive 
isolation; genetic correlations between life 
history and behavioral traits may cause 
reproductive isolation via a difference in 
mating times between populations. A 
pleiotropic gene that controls developmental 
and circadian periods in the melon fly 
was detected (Shimizu et al., 1997). The 
function of period gene expression is 
closely correlated to the locomotory rhythm 
and the time of mating in the melon fly, 
suggesting that clock genes can cause 
reproductive isolation via the pleiotropic 
effect as a change in the time of mating 
(Miyatake, 2002b; Miyatake et al., 2002). 
These results also suggest that clock 
genes are the key to genetic quality 
control of the mass-reared melon fly, 
because clock genes can cause the mating 
times of mass-reared melon fly populations 
to differ from those of wild populations 
and thus may cause decreased efficiency 
of the sterile insect technique, which 
depends on successful mating of released 
males with wild females. Molecular analyses 
for clock genes including period, doubletime, 
and cryptochrome, are ongoing in the 
melon fly. 
 
Genetic Relationships among Traits 
 

Trait selection may affect other traits 
through genetic correlations due to 
pleiotropic effects or linkage (Falconer, 
1989). Figure 1 illustrates the genetic 
relationships between life-history and 
behavioral traits in the mass-reared melon 
fly. During the mass-rearing project, the 
flies that laid eggs at a younger age and 
developed faster were selected intentionally 
to improve the production efficiency 
(dotted lines with a hollow arrow on one 
end in Fig. 1: Soemori and Nakamori, 
1981; Miyatake and Yamagishi, 1999). 
Mass-reared flies selected for a younger 
age of reproduction had a shortened 
longevity. This was due to either a negative 
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genetic correlation between early fecundity 
and longevity (solid lines with arrows on 
both ends which present genetic correlations 
between the two traits in the figure: 
Miyatake, 1997a), or by the accumulation 
of mutants with deleterious effects late in 
life (Zwaan et al., 1995). The selection for 
a younger age of reproduction also 
shortened the developmental period (indicated 
by a dotted line with a solid arrow on 
one end of the figure; Miyatake, 1997a). 
However, selection for developmental period 
was associated with neither reproductive 
age nor longevity (Miyatake, 1996b). This 
suggests the absence of a genetic 
correlation between reproductive age and 
developmental period in the mass-reared 
melon fly. 

The selection experiment for the 
developmental period indicated that longer 
developmental periods were associated 
with longer circadian periods of adult 
flies, and a later mating time (the time 
when copulation is initiated). Shorter 
developmental periods were associated 

with shorter circadian periods and an 
earlier mating time (Miyatake, 1997b; 
Shimizu et al., 1997). It has been 
demonstrated that this relationship depends 
on a gene pleiotropically controlling 
developmental and circadian periods in 
the melon fly (Shimizu et al., 1997). The 
change in the time of mating is important 
for the quality of released flies, because a 
precondition of the sterile insect technique 
is mating success of sterile males with 
wild females. The difference in time of 
mating between the two populations 
causes a significant pre-mating isolation 
which supports this (Miyatake and Shimizu, 
1999). 

Figure 1 presents two combinations 
of life-history traits of the melon fly. The 
first combination is of flies with increased 
longevity, an older age at reproduction, a 
longer developmental period, a longer 
circadian period of adult flies, and a later 
time of mating. These characters are 
similar to those of wild flies measured in 
the laboratory as described above. The 

Fig. 1.  Genetic relationships between life history and behavioral traits in the mass-reared melon fly (after Miyatake,
1998a). Dotted lines with a hollow arrow on one end depict the direction of artificial selection due to the
mass-rearing method. Solid lines with arrows on both ends indicate a genetic correlation between the two
traits. Dotted lines with a solid arrow on one end indicate the direction of inadvertent selection. 
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second combination is of flies with a 
decreased longevity, a younger age at 
reproduction, a shorter developmental 
period, a shorter circadian period of adult 
flies, and an earlier time of mating. These 
characters are similar to those of mass- 
reared flies. The results indicate two 
facts. First, two traits, a younger age at 
reproduction and a shorter developmental 
period of the mass-reared melon fly, have 
directly responded to selection during the 
mass-rearing method. Second, the other 
three traits, shorter longevity, a shorter 
circadian period, and an earlier time of 
mating, of mass-reared flies have been 
changed by correlated responses to selection 
(but longevity may also be directly 
selected for by artificial selection for age 
at reproduction, see Zwaan et al., 1995). 

The relationships between these traits 
can be used to improve the quality of 
mass-reared melon flies. During the 
mass-rearing process, longevity decreases 
through the generations of flies (Kakinohana 
and Yamagishi, 1991). The decrease in 
longevity could be reversed by selecting 
for older age at reproduction (Miyatake, 
1997a). The mass-reared flies had earlier 
mating times than wild flies (Suzuki and 
Koyama, 1980; Kuba and Koyama, 1982), 
and this study reveals that the time of 
mating can be controlled by selection for 
the developmental period (Miyatake, 1997b). 
Although direct selection for longevity or 
time of mating may be time-consuming 
and labor intensive, and may not be 
appropriate as a regular part of a mass- 
rearing program, longevity or time of 
mating can easily be selected for by using 
selection of reproductive age or developmental 
period. 

The problem of incorporating a selection 
regime in a mass-rearing system is 
maintaining a balance between the 
production efficiency and the quality of 
mass-reared insects for sterile insect 
techniques. The results described above 
indicate that a negative genetic correlation 
between traits causes conflict between these 

aspects of mass-rearing. For example, 
increased longevity is associated with a 
later age of reproduction (Miyatake, 1997a). 
A later time of mating is associated with 
a longer developmental period (Miyatake, 
1997b), and with a low pre-adult survival 
rate (Miyatake, 1995). Therefore these 
genetic trade-offs between traits should 
be taken into account in insect mass- 
rearing programs. In particular, it is 
important to ascertain whether there is a 
real genetic correlation between traits. 
Quantitative genetic methods, including 
the classical half-sib design or selection 
experiments for both traits under the 
trade-off, are required to clarify the real 
genetic trade-off relationship. 
 
Future Prospects 
 

The family Tephritidae of fruit flies 
contains several species for which the 
molecular genetics is rapidly expanding. 
However, molecular techniques have not 
been examined for the Okinawan melon 
fly. In the future, molecular genetic 
analyses would be an important research 
area for quality control of the melon fly. 
We must search for useful genes for 
quality improvement of released melon 
fly males. One candidate is a gene 
controlling the biological clock of flies. 
The biological clock controls the time of 
mating in the melon fly (Shimizu et al., 
1997; Miyatake et al., 2002). If the 
difference in time of mating between two 
melon fly populations changes by over 1 
hour, a significant pre-mating isolation 
occurs in cages (Miyatake and Shimizu, 
1999). A difference in mating time causes 
deterioration of SIT efficiency, because 
released males must mate with wild 
females at a certain time in the wild. A 
research project to explore the biological 
clock gene of melon fly has just begun as 
described above. 

As with other genetic aspects of 
quality control of mass-reared flies, research 
on the genetic diversity of reared fly- 
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strains at DNA levels would be important. 
In the mass-rearing facility of Okinawa, 
some mutant flies have been retained 
(Toda and Kasuya, 1993; Yamagishi, 
1993). These mutants will also be useful 
for molecular analyses.  

What is the important trait of 
mass-reared flies for successful SIT? It is 
the ability of mass-reared males to mate 
with wild female flies in the field. To 
accomplish this, we must select males with 
increased mating ability and attraction to 
wild female flies, or search for useful 
genes and appropriate techniques to 
translate the genes into a fly for making 
transgenic agent flies. If wild females 
will mate more frequently with our mass- 
reared flies selected artificially, or genetically 
altered, then artificial manipulations of 
the melon fly will become active. To use 
these techniques for the practical mass- 
rearing for SIT, we must accumulate 
information on many genetic parameters. 
We must also consider the cost effectiveness 
of these techniques for the SIT project.  
 
Acknowledgments 
 

I thank to Prof. How-Jing Lee (National 
Taiwan University) for inviting me to the 
symposium and for encouragement me to 
write this paper. This study was partially 
supported by a grant-in-aid for Scientific 
Research (KAKENHI 16657009) from the 
Ministry of Education, Culture, Sports, 
Science and Technology of Japan, and by 
a research project for urgent technical 
problems and development from Agriculture, 
Forestry and Fisheries Research Council 
(AFFRC), Japan. 
 
References 
 
Baumhover, A. H., C. N. Husman, and A. J. 

Graham. 1966. Screw-worm. pp. 533- 
554. In: C. N. Smith, ed. Insect, 
Colonization and Mass-production. 
Academic Press, New York.  

Becker, W. A. 1992. Manual of Quantitative 

Genetics, Fifth Edition. Academic 
Enterprises, Pullman, Washington. 

Boller, E. F. 1972. Behavioural aspects of 
mass-rearing of insects. Entomophaga 
17: 9-25. 

Calkins, C. O. 1989. Quality Control. pp. 
153-162. In: A. S. Robinson, and G. 
Hooper, eds. Fruit Flies Their Biology, 
Natural Enemies and Control Vol.3 B, 
Elsevier, Oxford, UK. 

Calkins, C. O., K. Bloem, S. Bloem, and D. 
L. Chambers. 1994. Advances in 
measuring quality and assuring good 
field performance in mass reared fruit 
flies. pp. 85-96. In: C. O. Calkins, W. 
Klassen and P. Liedo, eds. Fruit Flies 
and the Sterile Insect Technique, 
CRC Press, Boca Raton, FL. 

Cayol, J. P. 2000. Changes in sexual 
behavior and life history traits of 
tephritid species caused by mass- 
rearing processes. pp. 843-860. In: M. 
Aluja, and A. L. Norrbom, eds. Fruit 
Flies (Tephritidae): Phylogeny and 
Evolution of Behavior, CRC Press, 
Boca Raton, FL. 

Chambers, D. L. 1977. Quality control in 
mass rearing. Annu. Rev. Entomol. 
22: 289-308. 

Crow, J. F., and M. Kimura. 1970. An 
Introduction to Population Genetics 
Theory. Harper and Row, New York. 

Falconer, D. S. 1989. An Introduction to 
Population Genetics, 3rd ed. Longman, 
UK. 

Finney, G. L., and T. W. Fisher. 1964. 
Culture of entomophagous insects 
and their hosts. pp. 328-355. In: P. 
DeBach, and E. T. Schlinger, eds. 
Biological Control of Insect Pests and 
Weeds, Chapman and Hall, London. 

Hill, W. G. 1982. Predictions of response 
to artificial selection from new 
mutations. Genet. Res. Cambridge 40: 
255-278.  

Itô, Y., and H. Kakinohana. 1995. Eradication 
of the melon fly (Diptera: Tephritidae) 
from the Ryukyu Archipelago with the 
sterile insect technique: possible reasons 



 Quality Control of Mass-Reared Insects: the Melon Fly Case  315 

for its success. pp. 215-230. In: The 
Mediterranean Fruit Fly in California: 
Defining Critical Research. University 
of California, CA. 

Itô, Y., M. Yamagishi, and H. Kuba. 1993. 
Mating behaviour of the melon fly: 
sexual selection and sperm competition. 
pp. 441-452. In: Management of Insect 
Pest: Nuclear and Related Molecular 
and Genetic Techniques, IAEA, Vienna.  

Iwahashi, O., Y. Itô, and M. Shiyomi. 1983. 
A field evaluation of the sexual 
competitiveness of sterile melon flies, 
Dacus (Zeugodacus) cucurbitae. Ecol. 
Entomol. 8: 43-48.  

Kakinohana, H. 1980. Qualitative changes 
in the mass reared melon fly, Dacus 
cucurbitae Coq. pp. 27-36. In: Fruit 
Fly Problems. Proceedings of the 
Symposium Kyoto and Naha, 1980. 
National Institute of Agricultural 
Science, Yatabe, Ibaraki, Japan. 

Kakinohana, H. 1996. Studies on the 
mass production of the melon flies, 
Bactrocera cucurbitae Coquillett. Bull. 
Okinawa Agric. Exp. Stn. 16: 1-102. 

Kakinohana, H., H. Soemori, and H. 
Nakamori. 1977. Dispersal ability of 
mass-reared melon fly adults under 
field conditions. pp. 23-24. In: Report 
of the Eradication Program of the 
Melon Fly in Okinawa Prefecture, 
Okinawa Prefecture, Okinawa, Japan. 
(in Japanese) 

Kakinohana, H., and M. Yamagishi. 1991. 
The mass production of the melon fly 
techniques and problems. pp. 1-10. In: 
K. Kawasaki, O. Iwahashi, and K. 
Kaneshiro, eds. Biology and Control 
of Fruit Flies (Proceedings of the 
International Symposium, Okinawa, 
1991), Ginowan, Okinawa, Japan. 

Koyama, J., H. Nakamori, and H. Kuba. 
1986. Mating behavior of wild and 
mass-reared strains of the melon fly, 
Dacus cucurbitae Coquillett (Diptera: 
Tephritidae), in a field cage. Appl. 
Entomol. Zool. 21: 203-209. 

Koyama, J., H. Kakinohana, and T. 

Miyatake. 2004. Eradication of the 
melon fly, Bactrocera cucurbitae, in 
Japan: importance of behavior, ecology, 
genetics, and evolution. Annu. Rev. 
Entomol. 49: 331-349.  

Kuba, H., and J. Koyama. 1982. Mating 
behaviour of the melon fly, Dacus 
cucurbitae Coquillett (Diptera: Tephritidae): 
comparative studies of one wild and 
two laboratory strains. Appl. Entomol. 
Zool. 17: 559-568. 

Kuba, H., J. Koyama, and R. J. Prokopy. 
1984. Mating behavior of wild melon 
flies, Dacus cucurbitae Coquillett 
(Diptera: Tephritidae) in a field cage: 
distribution and behavior of flies. 
Appl. Entomol. Zool. 19: 367-373. 

Kuba, H., and H. Soemori. 1988. 
Characteristics of copulation duration, 
hatchability of eggs and remating 
intervals in the melon fly, Dacus 
cucurbitae Coquillett (Diptera: Tephritidae). 
Jpn. J. Appl. Entomol. Zool. 32: 321- 
324. (in Japanese with an English 
summary) 

Kuba, H., and Y. Sokei. 1988. The 
production of pheromone clouds by 
spraying in the melon fly, Dacus 
cucurbitae Coquillett (Diptera: Tephritidae). 
J. Ethol. 6: 105-110. 

Leppla, N. C. 1989. Laboratory colonization 
of fruit flies. pp. 91-103. In: A. S. 
Robinson, and G. Hooper, eds. Fruit 
Flies their Biology, Natural Enemies 
and Control Vol.3 B, Elsevier, Oxford, 
UK. 

Lynch, M., and B. Walsh. 1998. Genetics 
and Analysis of Quantitative Traits. 
Sinauer Associates, Sunderland, MA. 

Mackauer, M. 1972. Genetic aspects of 
insect production. Entomophaga 17: 
27-48. 

Mackauer, M. 1976. Genetic problems in 
the production of biological control 
agents. Annu. Rev. Entomol. 21: 369- 
385. 

Miyatake, T. 1993. Difference in the larval 
and pupal periods between mass- 
reared and wild strains of the melon 



 316  

fly, Bactrocera cucurbitae (Coquillett) 
(Diptera: Tephritidae). Appl. Entomol. 
Zool. 28: 577-581. 

Miyatake, T. 1995. Two-way artificial 
selection for developmental period in 
Bactrocera cucurbitae (Diptera: Tephritidae). 
Ann. Entomol. Soc. Am. 88: 848-855. 

Miyatake, T. 1996a. Artificial selection 
experiments in the melon fly: the 
status quo and problems. pp. 437-443. 
In: B. A. McPheron, and G. J. Steck, 
eds. Fruit Fly Pests: A World Assessment 
of Their Biology and Management, St. 
Lucie Press, Delray Beach, FL. 

Miyatake, T. 1996b. Comparison of adult 
life history traits in lines artificially 
selected for long and short larval and 
pupal developmental periods in the 
melon fly, Bactrocera cucurbitae (Diptera: 
Tephritidae). Appl. Entomol. Zool. 31: 
335-343.  

Miyatake, T. 1997a. Genetic trade-off 
between early fecundity and longevity 
in Bactrocera cucurbitae (Diptera: 
Tephritidae). Heredity 78: 93-100. 

Miyatake, T. 1997b. Correlated responses 
to selection for developmental period 
in Bactrocera cucurbitae (Diptera: 
Tephritidae): time of mating and 
daily activity rhythms. Behav. Genet. 
27: 489-498. 

Miyatake, T. 1998a. Genetic changes of 
life history and behavioral traits 
during mass-rearing in the melon fly, 
Bactrocera cucurbitae (Diptera: Tephritidae). 
Res. Popul. Ecol. 40: 301-310. 

Miyatake, T. 1998b. Genetic variation in 
pre-mating period of the mass-reared 
melon fly, Bactrocera cucurbitae 
(Diptera: Tephritidae). Appl. Entomol. 
Zool. 33: 29-33. 

Miyatake, T. 2002a. Circadian rhythm and 
time of mating in Bactrocera cucurbitae 
(Diptera: Tephritidae) selected for age 
at reproduction. Heredity 88: 302- 
306. 

Miyatake, T. 2002b. Pleiotropic effect, clock 
genes, and reproductive isolation. Popul. 
Ecol. 44: 201-207. 

Miyatake, T., and D. Haraguchi. 1996. 
Mating success in Bactrocera cucurbitae 
(Diptera: Tephritidae) under different 
rearing densities. Ann. Entomol. Soc. 
Am. 89: 284-289. 

Miyatake, T., A. Matsumoto, T. Matsuyama, 
H. R. Ueda, T. Toyosato, and T. 
Tanimura. 2002. The period gene and 
allochronic reproductive isolation in 
Bactrocera cucurbitae. Proc. R. Soc. 
Lond. Series B. 269: 2467-2472. 

Miyatake, T., and T. Shimizu. 1999. 
Genetic correlations between life-history 
and behavioral traits can cause 
reproductive isolation. Evolution 53: 
201-208.  

Miyatake, T., and M. Yamagishi. 1993. 
Active quality control in mass reared 
melon flies: quantitative genetic 
aspects. pp. 201-213. In: Management 
of Insect Pest: Nuclear and Related 
Molecular and Genetic Techniques, 
IAEA, Vienna. 

Miyatake, T., and M. Yamagishi. 1999. 
Rapid evolution of larval development 
time during mass-rearing in the 
melon fly, Bactrocera cucurbitae. Res. 
Popul. Ecol. 41: 291-297. 

Nakamori, H. 1987. Variation of reproductive 
characters in wild and mass-reared 
melon flies, Dacus cucurbitae Coquillett 
(Diptera: Tephritidae). Jpn. J. Appl. 
Entomol. Zool. 31: 309-314. (in Japanese 
with an English summary) 

Nakamori, H. 1988. Behavioural and ecological 
studies on sexual competitiveness in 
the melon fly, Dacus cucurbitae 
Coquillett, mass production. Bul. 
Okinawa Agric. Exp. Stn. 2: 1-64. (in 
Japanese with English summary) 

Nakamori, H., H, Kakinohana, and H, 
Soemori. 1976. Method of mass 
rearing melon flies, Dacus cucurbitae 
Coquillett (Diptera: Tephritidae). 3. 
Mass collection of eggs. J. Okinawa 
Agric. 14: 1-5. (in Japanese with an 
English summary) 

Nakamori, H., and K. Simizu. 1983. 
Comparison of flight ability between 



 Quality Control of Mass-Reared Insects: the Melon Fly Case  317 

wild and mass-reared melon fly, 
Dacus cucurbitae Coquillett (Diptera: 
Tephritidae), using a flight mill. Appl. 
Entomol. Zool. 18: 371-381. 

Nakamori, H., and H. Soemori. 1981. 
Comparison of dispersal ability and 
longevity for wild and mass-reared 
melon flies, Dacus cucurbitae Coquillett 
(Diptera: Tephritidae): a comparison 
between laboratory and wild strains. 
Appl. Entomol. Zool. 16: 321-327. 

Shimizu, T., T. Miyatake, Y. Watari, and T. 
Arai. 1997. A gene pleiotropically 
controlling developmental and circadian 
periods in the melon fly, Bactrocera 
cucurbitae (Diptera: Tephritidae). Heredity 
79: 600-605. 

Soemori, H. 1980. Differences in mating 
occurrence between mass-reared and 
wild strains of the melon fly, Dacus 
cucurbitae Coquillett. Bull.Okinawa 
Agric. Exp. Stn. 5: 69-71. (in Japanese 
with an English summary) 

Soemori, H., and H. Kuba. 1983. Comparison 
of dispersal ability among one wild 
and two mass-reared strains of the 
melon fly, Dacus cucurbitae Coquillett 
(Diptera: Tephritidae), under field 
conditions. Bull. Okinawa Agric. Exp. 
Stn. 8: 37-41 (in Japanese with an 
English summary). 

Soemori, H., and H. Nakamori. 1981. 
Production of successive generations 
of a new strain of the melon fly, 
Dacus cucurbitae Coquillett (Diptera: 
Tephritidae) and reproductive characteristics 
in mass rearing. Jpn. J. Appl. Entomol. 
Zool. 25: 229-235. (in Japanese with 
an English summary) 

Soemori, H., S. Tsukaguchi, and H. 
Nakamori. 1980. Comparison of mating 
ability and mating competitiveness 
between mass-reared and wild strains 
of the melon fly, Dacus cucurbitae 
Coquillett (Diptera: Tephritidae). Jpn. 
J. Appl. Entomol. Zool. 24: 246-250. 
(in Japanese with an English summary) 

Suenaga, H., A. Tanaka, H. Kamiwada, T. 
Kamikado, and N. Chishaki. 2000. 
Long-term changes in age-specific 
egg production of two Bactrocera 
cucurbitae (Diptera: Tephritidae) strains 
mass-reared under different selection 
regimes, with different egg collection 
methods. Appl. Entomol. Zool. 35: 13- 
20. 

Sugimoto, A. 1978. Egg collection method 
in mass-rearing of the melon fly, 
Dacus cucurbitae Coquillett (Diptera: 
Tephritidae). Jpn. J. Appl. Entomol. 
Zool. 22: 60-67. (in Japanese with an 
English summary) 

Suzuki, Y., and J. Koyama. 1980. Temporal 
aspects of mating behavior of the 
melon fly, Dacus cucurbitae Coquillett 
(Diptera: Tephritidae): a comparison 
between laboratory and wild strains. 
Appl. Entomol. Zool. 15: 215-224. 

Suzuki, Y., and J. Koyama. 1981. 
Courtship behavior of the melon fly, 
Dacus cucurbitae Coquillett (Diptera: 
Tephritidae). Appl. Entomol. Zool. 16: 
164-166. 

Toda, S., and E. Kasuya. 1993. Purple 
eye-color mutant in the melon fly 
Bactrocera cucurbitae. Jpn. J. Entomol. 
61: 816-818. 

Yamagishi, M. 1993. Studies on sperm 
competition in the melon fly, Bactrocera 
cucurbitae Coquillett. Bull. Okinawa 
Pref. Fruit-fly Erad. Project Office, 
Suppl. 1: 1-66. 

Zwaan, B., B. Bijlsma, and R. F. Hoekstra. 
1995. Direct selection on life span in 
Drosophila melanogaster. Evolution 
49: 649-659. 

 
Received: December 5, 2005 
Accepted: July 26, 2006 



 318  

 (Bactrocera 
cucurbitae)  
Takahisa Miyatake  Laboratory of Evolutionary Ecology, Graduate School of Environmental Science, Okayama 

University, Japan 

 
 
 

 
 

( ) ( )

( )

( )

( )

 

 

 

 

*  

e-mail: miyatake@cc.okayama-u.ac.jp 




