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Impact of sucrose in adult diet on survivorship of males of Bactrocera tau (Diptera: Tephritidae)
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Abstract
Pumpkin fruit fly, Bactrocera tau, is a key pest in pumpkin orchards, causing serious economic damage. Impact of sucrose and
protein on survivorship of adult males of Bactrocera tau has been studied in the present study. Flies fed optimal diet (Sucrose
and Protein in 3:1 ratio), and only sugar from the day of eclosion demonstrated mortality of only 7.33% and 1.33%
respectively in 4 days. However, flies fed only protein, and starved from the day of eclosion showed mortality of 100% and
99.6% respectively in the same time period. At the same time, change of dietary habit of flies from optimal diet to protein as
well as optimal diet to no food on 7th and 11th day resulted no survivorship, or 100% mortality, for both cases in 4 days.
Number of adult flies died for the change of optimal diet to sugar on 7th day and 11th day in the study period was insignificant.
Study demonstrated the absolute requirement of carbohydrate in the adult diet, and insignificant capability of conversion of
lipids to metabolic energy.
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1. Introduction
Most of the species of fruit flies are polyphagous and thus
damage a wide range of fruits and vegetables [1, 2]. Upto
100% of fruits may damage by fruit fly when lift
uncontrolled [3]. As such, their infestation not only decreases
the yield of fruits but also affects the quality and price of the
crop. They are very common insect pests of economic
importance in tropical, subtropical and several temperate
regions of world [4, 5]. Billions of dollars of agriculture
commodity are lost due to these pests infestation every year
worldwide [6]. Therefore research on fruit flies is
significantly important in the sustainable fruit and vegetable
production as well as trade issues.
The fruit flies of the family Tephritidae is considered the
main fruit pests worldwide [7]. Out of 5000 documented
species in Tephritidae family, 70 species of fruit flies are
important agricultural pests on different vegetables and
fruits of tropical and subtropical regions [8, 9, 10]. Bactrocera
tau is a very harmful pest for pumpkin fruits, which has
huge economical importance worldwide.
Among numerous techniques implemented worldwide to
control pests, Sterile Insect Technique (SIT) has been
proved so far to be an efficient, target specific and safe-forfruits tool [11]. However, one of the main problems of this
method is its big cost to rear large number of flies in the
laboratory for several days to become sexually mature
before they are applied in the field to meet wild female
insects. Therefore SIT management protocol should be
improvised minimizing cost without compromising
reproduction capabilities. Before applying SIT, it is
extremely necessary to develop healthy adults ensuring
biological parameters. To produce such adults, it is essential
to maintain the colony with a good dietary supplement
where the competitive adults could bring about a successful
suppression in the field population [12].
Yeast that contains appropriate concentration of protein,
sterols, vitamins and minerals is considered to be major

source of nutrition for fruit flies. Although, yeast is used for
mass rearing of larvae and adult tephritidae flies [13, 14, 15, 16],
researchers are in search of enhanced diet to develop more
strong and appropriate insect for SIT. As such, we chose
several artificial diets and applied on flies to check if those
can be used as food supplements. Therefore biological
parameters on B. tau fed these diets have been investigated
in the experiment.
The necessity of consumption of both carbohydrate and
protein for the reproduction and effective signaling has
already been studied [17]. Although absolute necessities for
either protein or sugar in the adult diet of Anastrepha
suspensa [18] and B. cucurbitae [19] have recently been
studied, no such work on B. tau has been performed so far,
especially in our country. Therefore there was a requirement
from our side for doing such experiment on Bactrocera tau.
This study is the second experiment in our laboratory on
justification of the absolute requirement of carbohydrate for
survival of fruit flies.
2. Materials and Methods
The experiment on survivorship of B. tau were carried out at
the laboratory of Radiation Entomology & Acarolgy
Division, Institute of Food and Radiation Biology, Atomic
Energy Research Establishment, Savar, from December
2018 to April 2019. Mortality of flies after feeding only
protein or sugar or no food, or after switching from one diet
to another, was studied in the present study. Flies were
either provided with optimal diet (Sugar and Yeast in 3:1
ratio) or protein or sugar or no food (only water) from the
day of eclosion or switched from the optimal diet to only
protein or sugar, or no food on 7th and 11th day. B. tau flies
were cultured in 12cm×10cm×8cm steel frame cages
covered with nylon net and maintained at 25±3⁰ C
temperature, 60-65% humidity and 12:12 L:D at the
laboratory.
The experiment was conducted with randomly selected 100
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adult flies emerged in the laboratory stock. A 50 ml conical
beaker full of water and soaked cotton was provided to
supply continuous water and to maintain moisture content
inside the cages. Protein was supplied in cake form. The
residual diets were replaced by fresh diets in every two days
interval. The optimal diet was applied as the standard diet.
Mortality rate of flies were recorded each 24 hours from
where survivorship was calculated.
After emergence, a certain amount of optimal diet, sugar,
and protein were served as food source for each 100 flies in
separate petri dishes, and the effects of these diets on
survivorship of male flies were counted. Separate
experiments were also conducted in which we maintained
male flies on the optimal diet after eclosion and then
switched to sugar or protein or no food (only water) diets on
7th day and 11th day for several days, to know the effect on
survivorship for each dietary change. In each case,
survivorship of flies was counted to compare with
survivorship on optimal diet. Statistical analysis of the study
was performed by ANOVA.
3. Results
Impact of different diet on survivorship of males of
Bactrocera tau has been investigated in the present study.
Study showed (Table 1, Fig.1-9) mortality profile of 100
flies fed Different diet or starved, or flies whose diet has

Fig 1: Mean survivorship of flies
fed only protein from the day of eclosion

been changed from one to another or kept on starvation
from diet. Flies fed only optimum diet from the day of
eclosion showed survivorship of 92.67% on 4th day (Table
1) showing good agreement with survivorship of 92.4% for
Bactrocera cucurbitae [19].
Table 1: Mean survivorship of flies after being fed optimum diet
(OPD).
Days feeding only optimum diet
B. tau
B. cucurbitae
0
100
100
1
98.67
100
2
94.67
97.7
3
92.67
92.4
* Mean survivorship of B. tau fed only OPD is 96.5

However, the study demonstrated 0% survivorship, or 100%
mortality, of B. tau in only 4 days when they were fed only
protein from the day of eclosion (Fig. 1). It also showed
same survivorship rate in the same time frame as they were
switched to only protein from optimum diet on 7th day (Fig.
2) and 11th day (Fig. 3). Results are comparable with mean
survivorship of 1.7%, or mortality of 98.3%, of B.
cucurbitae fed only protein from the day of eclosion, and
mean survivorship of 0% of the same flies when they were
changed from optimal diet to starvation on 7th and 11th day
in same duration [19].

Fig 2: Mean survivorship of flies
switched to protein from optimal diet on
day 7

*Means are not significantly different in an ANOVA test
(P=0.99>0.05, df=5, 24; F=0.05). Mean survivorship of B.
tau flies fed protein-only for 4 days from day of eclosion
was 51.5% against 60.58% for B. cucurbitae; 4 days from
7th day was 45.33% against 49.66% for B. cucurbitae; and 4
days from 11th day was 52% against 53.4% for B.
cucurbitae [19].
In the same way, mean survivorship of starving B. tau
declined sharply in only 4 days. Experiment resulted only

Fig 3: Mean survivorship of flies
switched to protein from optimal diet on
day 11

0.4% of survivorship in four days as they were fed no food
(only water) from the day of eclosion (Fig. 4). Moreover, it
demonstrated 0% of survivorship, or 100% of mortality, in
the same study hours after switching optimal diet to no food
(only water) on 7th and 11th day (Fig. 5-6) in separate
experiments. Mean survivorship of B. cucurbitae in the
previous experiment19 of only 8.4%, 6% and 0% for the
above cases showed good agreement between two
experimental outcomes.
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Fig 4: Mean survivorship of flies
with no food (only water) from the day of
eclosion

Fig 5: Mean survivorship of flies
after removing of food on day 7

*Means are not significantly different in an ANOVA test
(P=0.97>0.05, df=5, 24; F=0.16). Mean survivorship of B.
tau flies fed no food (except water) for 4 days from day of
eclosion was 58.48% against 68.4% for B. cucurbitae; 4
days from 7th day was 55.33% against 53.6% for B.
cucurbitae; and 4 days from 11th day was 44.8% against
51.26% for B. cucurbitae.
On the contrary, B. tau fed only sugar showed large

Fig 7: Mean survivorship of flies
fed only sugar from the day of eclosion

survivorship at the end of 4 days of feeding. Flies survived
on only sugar from the day of eclosion showed mean
survivorship of 98.66% (Fig. 7) where as changing optimal
diet by sugar-only on 7th and 11th day resulted 100% and
99% respectively (Fig. 8-9). Mean survivorships of B.
cucurbitae in the previous experiment for the three cases
were 97.3%, 97% and 98.67% respectively that
demonstrates good agreement with the present study [19].

Fig 8: Mean survivorship of flies
switched to sugar from optimal diet on day 7

*Means are not significantly different in an ANOVA test
(P=0.96>0.05, df=5, 24; F=.18). Mean survivorship of flies
fed only sugar for 4 days from day of eclosion was 99.33%
against 99% for B. cucurbitae; 4 days from 7th day was
100% against 98.06% for B. cucurbitae; and 4 days from
11th day was 99.8% against 99.734% for B. cucurbitae.
4. Discussion
A number of studies on the effect of dietary supplements on
Tephritidae family, that B. tau belongs to, conducted earlier
shows that protein dietary supplement enhance sexual
performance of adult male [20] and play positive effects on
ovarian maturation and fecundity in female [21] of
Tephritidae species. Another research also shows that sugar
is necessary dietary requirement and is important for

Fig 6: Mean survivorship of flies
after removing of food on day 11

Fig 9: Mean survivorship of flies
switched to sugar from optimal diet on day 11

longevity of species [22]. Also removal of protein and
carbohydrate from adult dietary supplements results rapid
mortality of adult insects. However, there is very little
information about the role of only sugar and if the protein
can be a replacement of sugar. There has been no such
research especially on B. tau so far.
The current research on flies fed optimal diet or only sugar
from the day of adult eclosion, or fed only sugar switched
from optimal diet showed no significant mortality in the
study period. The research demonstrated clearly the absolute
requirement of carbohydrate in the adult diet for survival of
adult male insects. The same rate of survival of flies,
provided with only protein or switched from carbohydrate to
protein on 7th and 11th day, indicated strongly that B. tau
flies have limited capacity to convert protein resources into
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energy as like as B. cucurbitae. Therefore it can’t be the
supplement of sugar.
At the same time the absolute requirement of carbohydrate
and inability to live with metabolic energy of protein
indicated the physiological adaptation of flies to the
environment. Indeed, protein dietary supplements have been
shown to have positive effects on ovarian maturation and
fecundity of Tephritidae indicating that dietary protein is a
critical component for reproductive success for egg
production. Thus, a physiological strategy have probably
been developed in flies in which they utilize the most
available food source, sugar, to ensure survival, and take
advantage of limited protein resources when available to
achieve sexual maturity [22]. The findings in B. tau
experiment in the present study have good agreement with
that in Anastrepha suspensa as well as B. cucurbitae [19].
5. Acknowledgments
The authors acknowledge Bangladesh Atomic Energy
Commission full financial support to carry out the
experiment at Radiation Entomology and Acarology
Division, Institute of Food and Radiation Biology, Atomic
Energy Research Establishment, Savar, Dhaka.
6. References
1. Joomaye A, Price NS, Stonehouse JM, Seewooruthun I.
Qrarantine pest risk analysis of fruit flies in the Indian
Ocean: the case of Bactrocera zonata. In N. S. Price &
I. Seewooruthun (Eds.), Proceedings of the Indian
Ocean Commission, Regional Fruit Fly Symposium,
Flicen Flac 2000; 5th-9th June 2000; Reduit, Mauritius.
Regional Fruit Fly Programme, Ministry of Agriculture,
Food Technology and Natural Resources, 2000, 179183.
2. Rauf I, Ahmad N, Rashdi SMS, Ismail M, Khan MH.
Laboratory studies on ovipositional preference of the
peach fruit fly Bactrocera zonata (Saunders) (Diptera:
Tephritidae) for different host fruits. Afr. J. Agric. Res.
2013; 8(15):1300-1303.
3. Hardy DE. Taxonomy and distribution of the oriental
fruit fly and related species (Tephritidae, Diptera).
Proceedings of the Hawaiian entomol. Society. 1997;
20:395-428.
4. Metcalf RL, Metcalf ER. Fruit Flies of Family
Tephritidae. In R. L. Metcalf & E. R. Metcalf, Plant
Kairomones in Ins. Ecol. Cont. London: Chapman and
Hall, 1992, 109-152.
5. De Meyer M, Robertson MP, Mansell MW, Ekesi S,
Tsuruta K, Mwaiko W, Vayssieres JF, Peterson AT.
Ecological niche and potential geographic distribution
of the Invasive Fruit Fly Bactrocera invadens (Diptera,
Tephritidae). B. Entomol. Res. 2010; 100:35-48.
6. Stonehouse JM, Mumford JD, Mustafa G. Economic
losses to Tephritid fruit flies (Diptera: Tephritidae) in
Pakistan. Crop Prot. 1998; 17:159-164.
7. Ruiz MJ, Juarez ML, Alzogaray RA, Arrighi F, Arroyo
L, Gastaminza G, Willink E, Bardon AV, Vera T. Toxic
effect of citrus peel constituents on Anastrepha
fraterculus Wiedemann and Ceratitis capitata
Wiedemann immature stages. Journal of Agricultural
and Food Chemistry. 2014; 62(41):10084-10091.
8. White IM, Elson-Harris MM. Fruit flies of economic
significance: their identification and bionomics. CAB
International, Wallingford, United Kingdom, 1992.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Uchoa MA, Nicacio JN. New records of Neotropical
fruit flies (Tephritidae), lance flies (Lonchaeidae)
(Diptera: Tephritoidea), and their host plants in the
South Pantanal and adjacent areas, Brazil. Ann.
Entomol. Soc. Am. 2010; 103(5):723-733.
Ni WL, Li ZH, Chen HJ, Wan FH, Qu WW, Zhang Z,
Critics DJ. Including climate change in pest risk
assessment: the peach fruit fly, Bactrocera zonata
(Diptera: Tephritidae). Bull. Entomol. Res. 2012;
102(2):173-183.
Enkerlin WR, Bakri A, Caceres C, Cayol J, Dyck A,
Feldmann U. Insect pest intervention using the sterile
insect technique. Res. Inst. Okinawa. Japan, 2003, 1124.
Saha AK, Khan M, Nahar G, Yesmin F. Impact of
natural hosts and artificial adult diets on some quality
parameters of the Melon fly, Bactrocera cucurbitae
(Coquillett) (Diptera: Tephritidae), Pakistan journal of
Biological Sciences. 2007; 10(1):178-181.
Fanson BG, Taylor PW. Additive and interactive
effects of nutrient classes on longevity, reproduction,
and diet consumption in the Queensland fruit fly
(Bactrocera tryoni). J. Insect Physiol. 2012; 58:327334.
Schroeder WJ, Miyabara RY, Chambers DL. Protein
products for rearing three species of larval Tephritidae.
Journal of Economic Entomology. 1972; 65:969-972.
Cangussu JA, Zucoloto FS. Nutritional value and
selection of different diets by adult Ceratitis capitata
flies (Diptera, Tephritidae). Journal of Insect Physio.
1992; 38(7):485-491.
Cangussu JA, Zucoloto FS. Effect of protein sources on
fecundity, food acceptance, and sexual choice by
Ceratitis capitata (Diptera, Tephritidae). Revista
Brasileira de Biologia. 1997; 57(4):611-618.
Epsky NDRR. Heath, Food availability and pheromone
production by males of Anastrepha suspense
(Diptera:Tephritidae), Environ. Entomology. 1993;
22:942-947.
Teal et al., Effects of sucrose in adult diet on mortality
of males on Anastrepha suspensa (Diptera:Tephritidae),
Florida Entomologist, 2004; 87(4):487-491.
Tahera et al., Effects of sucrose in adult diet on
survivorship of males of Bactrocera cucurbitae,
International Journal of Entomology Research, 2019;
14(2):20-23.
Aluja MF, Diaz-Fleischer DR, Papaj G, Lagunes J,
Sivinski. Effets of age, diet, female density and host
resource on egg load in Anastrepha leudens and
Anastrepha oblique (Diptera:Tephritidae), J. Insect
Phygio. 2001a; 47:975-988.
Jacome IM, Aluja P, Liedo. Impact of adult diet on
demographic and population parameters in the tropical
frut fly Anastrepha serpentina (Diptera:Tephritidae),
Bull Entomol. Res. 1999; 89:165-175.
Bateman MA. The ecology of fruit flies, Annu. Rev.
Entomology. 1972; 17:493-518.

48

