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ABSTRACT

This report summarizes different quality control tests necessary to monitor the behavior of
Oriental fruit fly, B. philippinensis from the mass rearing facility to the release site. Results of routine
quality control tests revealed that pupal size, emergence, fliers, sex ratio, stress tests, mating index and
fertility tests were all above satisfactory levels in pre-and post-irradiation treatment. Tests at the release
site showed similar findings except for mating index where poor performance of flies were observed.
Fertility and fecundity tests indicate that complete sterility of OFF was achieved at dose ranging from 68 -
104 Gy. Standard specifications required for weekly and monthly quality control tests was not yet
established because release of sterile flies in Guimaras started only last April, 2001.

In determining eye color changes in relation to physiological development, eye appearance of the
pupae is dark yellowish brown (HUE 10 YR 3/6) at 7 days old where irradiation is to be applied for
sterilization. Cross correlation of results showed large pupae had great advantage over medium and small
pupae in terms of flight dispersal. Poor emergence and fliers of small pupae were observed when irradiated
and chilled for 24 hours. However, no significant difference was observed on mating preference, longevity
and fertility among the three pupal size groups.

Quality control is an important parameter to consider in monitoring the
performance of mass reared insects being produced for eradication programs. Records
of the quality of stock cultures for each generation must be kept to check any error made
from the rearing process up to the time they are released in the field. Maintaining or
improving their quality traits are good assurance that mass reared flies can compete
successfully against their wild counterparts. To meet this requirement, routine quality
control tests on egg hatchability, pupal weight and size, percent adult emergence,
longevity, flight dispersal and mating ability are some important parameters used to
monitor quality of fruit fly colonies. Effect of holding, irradiation and packaging
procedures must be checked to monitor the behavior and field performance of flies to be
released. A range of threshold values for each quality control test maybe established
suitable for program use.

Paper presented by the senior author in the Second Research Co-ordination Meeting of the CRP on
"Quality Assurance in Mass-Reared and Released Fruit Flies for Use in SIT Programmes" held at the
Mendoza Plant Protection Institute (ISCAMEN), Mendoza, Argentina, from 19 to 23 November 2001.



Description of Research Carried (Methodology)

1. Mass Production of Oriental Fruit Fly for Release

a. Adult fruit flies

Sterile fruit flies used in the eradication program in Guimaras Island are produced
at the Philippine Nuclear Research Institute. Rearing of adult flies was done in a newly
fabricated 72 x 122 x 122 sq. cm. rectangular aluminum screen cages modeled after the
old wooden nylon screen cage. The front side of the cage has six holes covered with
discarded motor oil container to insert egging receptacles during egging. A rack divided
into 5 sections were provided at the center of the cage to place a mixture of sugar and
yeast hydrolysate (4 part sugar: 1 part yeast) as adult food. Two polyvinyl chloride
pipes containing wet cotton rope fixed perpendicular to the food rack were also installed
as source of water for the flies. The shift to these new aluminum mass-rearing adult
cages similar to the type used in other countries is intended for foture large scale fruit fly
production. Each aluminum cage can house 75,000 adult flies and maintained every
month in the adult room with temperature and relative humidity ranging from 24 - 34 °C
and 65 - 83 %, respectively. A proposed bigger adult room which can house 25 - 30
fruit fly adult cages is under construction in preparation to the mass production of 50
million sterile pupae every other week.

b. Collection of eggs

Adult fruit flies start to lay eggs 10 days after emergence. A yellow plastic
cylinder or egging receptacle (10.5 x 20.5 cm) perforated with about 300 oviposition
holes was used for egg deposition. This receptacle enclosed a wet sponge to prevent egg
dessication. Egg collections were done 24 hours from 8:00 am to 8:00 am of the
following day, once a week for three consecutive weeks. Eggs that are deposited in the
egging receptacle are washed using a sieve with a very fine screen and then measured
volumetrically. An average of 150 ml eggs were collected per week per cage with egg
hatchability ranging from 85-93%.

c. Larval rearing

Larvae were reared using the Oriental fruit fly standard diet developed by
Rejesus, et. al (1973; 1975), consisting of sweet potato (11.93%), rice bran (combination
of Dl and D3) (23.87%), sugar (2.39%), brewer's yeast (7.90%), sodium benzoate
(0.22%), muriatic acid (0.46%) and water (53.23%), mixed together using a 150-kg
mechanical diet mixer or a 2-bagger cement mixer. About 7 kg larval diet were
deposited into a 40 x 77 x 7 cm plastic larval trays where 4 ml eggs containing 52,000
eggs were seeded on tissue paper on top of the diet media. The stackable tray cultures
were arranged on stainless rack (20-22 trays/rack), then covered with nylon cloth to
maintain high relative humidity necessary to stimulate egg hatchability and to prevent
infestation of Drosophila flies. After 3 days, the nylon cloth cover was removed to
reduce metabolic heat generated by the larval activity and the tray cultures were



transferred to the larval popping room until larval maturity with a regulated room
temperature ranging from 26 - 29 °C. Mature larvae leave the medium after 7 days by
popping-out of the trays into the floor containing water as catchment. Larvae are
collected in the afternoon by draining the water on the floor and allowed to flow through
the water gate valve where a cotton cloth bag is attached to catch the larvae. Collected
larvae are poured into a big pail and then mixed with coir dust in a 51.5 x 38.5 x 13 cm
plastic pupation boxes at the rate of 1 liter larvae to 4 liters of coir dust for pupation.

d. Pupal collection and irradiation.

Pupation boxes are maintained at 24 °C room and sifted after 6 days. A
mechanical sieving machine designed after the pupal sifter used in the fruit fly mass
rearing facility in Hawaii was fabricated to separate the pupae from the coir dust. These
was done by pouring the coir dust with the pupae little by little in the rotating sieving
machine at a very low speed of 5 rpm to minimize pupal injury. An average of 1 liter
pupae were recovered per tray of diet containing approximately 40,000 pupae. Sifted
pupae are cleaned and air dried onto screened trays. The pupae are then marked with
fluorescent dye ( 2 - 3 g/liter ) by mixing in a rotating half-bagger cement mixer for 1
minute. The dyed pupae are transferred to the pupal dispenser and then poured into
tubular polyethylene plastic bags (460g/tube), containing approximately 38,000 pupae.
The bagged pupae are packed in 4 layers in a corrugated carton box measuring 59 x 41 x
31 cm. and then irradiated using the 60Co multi-purpose gamma irradiation facility with
doses ranging from 68 -104 Gy for 4.8 minutes. After irradiation, 3 - 4 blocks of ice
pack wrapped in newspaper are placed on top of the pupae to reduce heat accumulated by
the pupae. A sheet of paper containing data information about the pupal shipment was
placed inside the box (Fig. 1). The boxes are closed and secured with 5 cm packaging
tape and then transported to the domestic airport. Philippine Airlines commercial flight
transported the pupae every week leaving Manila at 5:55 am. arriving Iloilo at 7:00 am.
Shipping time (time of final packing to time of containers were opened) to Guimaras
from Manila averaged 10 hours. From April to August, 2001 about 68 boxes of pupae
containing approximately 125 million pupae were sent and released to Guimaras by
ground application.

e. Holding of Sterile Fruit Fly for release in Guimaras Island

Pupae in carton boxes are picked up at 7.00 am and loaded to an airconditioned
van and then to a hired pump boat going to the Sterile Pupae Holding Laboratory in
Buenavista, Guimaras. Pupal temperature is taken in each carton box for the entire
shipment using a dial thermometer. Each pupal "sausage bag is examined for damage,
opened and then poured into a big basin. Shipping received date, time of arrival and
pupal temperature were recorded in the information data sheet and sent back to PNRI.
Samples of pupae is also taken from each shipment for all necessary quality control tests
at the release site such as adult emergence, flight ability, stress test and mating
propensity.



INFORMATION PAPER IN TRANSPORT BOX
(PNRI to NMRDC)

Batch:

Date:
PNRI

No. of box:

No. of sausage:

No. of pupae:

Pupal Weight:

No. of ice packs:

Room temperature:

Departure time:

Arrival at Iloilo airport:

Arrival time:

Box temperature:

ILOILO

NMRDC

REMARKS:

Fig. 1. Data information sheet of pupal box for shipment in Guimaras Island.



For the meantime, release of sterile flies was done by ground application due to
the unavailability of the aircraft and limited budget. Ground release was done by
scooping 200 g of pupae in brown bags, placed in basket made of bamboo, coconut leaf
or plastic net bag and hung using G. I. wire on fruit trees on targeted areas. The bags
were slightly opened on each sides which serves as passage way out of the emerging
flies. Petroleum jelly or sticky substance were applied on the wire to prevent the attack
of ants and other predators attempting to get inside the basket.

2. Rearing of wild fruit flies

Wild Oriental fruit fly pupae were collected from infested fruits obtained in
Guimaras island. These wild pupae were brought to PNRI to emerge in small cage
provided with a mixture of sugar and yeast hydrolysate as food. After 20 days, the eggs
were collected using a yellow perforated plastic container. A sponge wet with guava
extract were enclosed within the container to stimulate the flies to lay eggs. The eggs
were collected after 24 hours and the larvae were reared using papaya-brewer's yeast
medium developed in Fuji. These wild flies were reared for 6 - 7 generations and
replaced again with a new batch of wild pupae collected in Guimaras Island. The
purpose of rearing these strain is to have a continuous supply of wild adult flies with
uniform age to be used in various field cage mating tests.

3. Routine Quality Control Tests

These tests were conducted continuously to monitor the behavior and efficiency
of fruit fly for stock cultures and for release operations in Guimaras. Minimum
specifications required for weekly and monthly routine quality control tests were
established on pre- irradiation, post -irradiation and test at release site to serve as guide
in monitoring fly quality. The techniques used in different mass rearing facilities
designed to other fruit fly species were modified to be adopted to Oriental fruit fly.
Routine quality control tests includes pupal size test, percent adult emergence, flight
ability test, sex ratio, mating propensity test and stress test. Preparation of fruit fly
samples, observation and gathering of data were done by following or modifying the
procedures on the Manual of Quality Control of Fruit Flies published by IAEA
(Anonymous, 1998).

3. Irradiation Studies

Samples of Oriental fruit fly pupae obtained from the stock colony were
marked with fluorescent dye and held in glass vials two days before emergence. The
glass vials with the pupae were irradiated using 60Co Gamma Cell 220 Irradiator
facility with dosages of 0, 25, 40, 50, 75, 100, 150 and 200 Gy. After irradiation,
samples of pupae were prepared for the following tests;



a. Emergence and Flight Ability Tests

One hundred pupae were counted in petri dishes and a 10 cm PVC pipe coated
with talcum powder was put in place in a big fruit fly cage. Percent adult emergence
was based on the number of adults emerged from the pupal samples. Non-flying
M y emerged, partially-emerged and deformed flies were counted and recorded.
Flight ability (flies escaping from the PVC pipe) was determined based on the
number of unemerged pupae and residual flies remaining in the petri dish.

b. Sterility and Longevity Tests

Five replicates of 100 pupae of each dose were counted and placed to emerge
in a 30 x 30 x 40 cm screened cubicle cages provided with food and water. The flies
were allowed to lay eggs in small egging device containing wet sponge 10 days after
emergence. Samples of eggs were counted, held in petri dishes and observed for egg
hatchability after 3 days. For longevity test, number of dead adults were counted at
weekly intervals and the cumulative percent mortality was recorded.

4. Fecundity and Fertility Tests

The effects of gamma radiation on fecundity and fertility of flies for release
in Guimaras Island was conducted by pairing the following crosses.

50 U S x 50 U $

501 $ x 50 I $

50U(?x50I $

5 0 1 S x 50 U $

Each crosses was confined in small cages and provided with food and water.
After 10 days, egg collection was done by inserting small egging device with wet
sponge for 24 hours. Samples of 100 eggs were taken once a week over a three
week period. The eggs were kept on moist blotting paper in petri dish and percent
egg hatch for each treatment was determined.

5. Determination of Eye Color in Relation to Physiological Development of
Pupa

About 25 - 50 pupae from each pupal group (2, 3, 4, 5, 6, 7 and 8 day old)
were open anteriorly with forceps to expose the compound eyes of the pupae. The
eyes of each pupal groups were compared to the Munsell Soil Color Charts until a
match was obtained using a headband binocular magnifier. Close up photographs
were taken using a Kodachrome film (ISO 64) in the Carlzeir's Photomicroscope at
10 X magnification. The pictures will serve as evidences for daily changes in eye



color to be used as reference guide or reliable indicator of physiological age of the
pupae necessary for irradiation sterilization.

6. Cross Correlation of Results of Different Tests

1. Pupal Size

Laboratory reared pupae obtained from the stock colony were sieved and
segregated on the basis of diameter using hand siever or pupal sieving and separating
machine requested from International Atomic Energy Agency (IAEA) under the
technical Cooperation Programme. Sifted pupae were ranged according to average
size or weight of 1.6, 1.70, and 1.9 mm or 6.9, 12.2 and 13.0 mg, respectively.
Samples of the three pupal size groups were compared using different quality control
parameters such as chilling duration, sterility and longevity tests, mating test, and
flight dispersal studies.

a. Chilling Duration

Samples of three pupal size groups were poured in sausage bags, arranged in
carton box and irradiated using a dose ranging from 68 to 104 Gy in the multi purpose
gamma irradiation facility. After irradiation, the pupal boxes were brought to the
laboratory and three blocks of ice packs were place on top of pupal sausage bags
covered with newspaper. The lid of the box were closed and secured with masking
tape. Sample of pupae for each pupal size groups were collected every after 0,4, 8,
12, 16, 20 and 24 hours for emergence, flight ability, longevity and fertility tests.
Pupal temperature were also recorded using a dial thermometer every four hour
intervals.

b. Mating Test in Field Cages

Mating compatibility tests of the three pupal sizes with wild fruit flies were
conducted using a field cage. This was done by segregating newly emerged
irradiated marked flies of each group by sex and held in small cages provided with
food and water for ten days prior to the mating tests. Similar procedures were also
observed in preparing wild flies, however, they were not marked to identify from the
laboratory flies. Wild flies were allowed to become sexually mature for 15 - 20
days before the mating tests. Mating tests were conducted in a big nylon screen
cages enclosing a non-fruiting guava tree. The following crosses were made and set
up in individual field cages;

1. Small pupae (SP) X Wild flies (WF)

50 SP S X 50 SP $ X 50 WF $
50 WF<? X 50 SP $ X 50 WF $
50 SP $ X 50 SPc? X 50 WF S
50 SP $ X 50 SP S X 50 W 3



2. Medium pupae (MP)XWild flies (WF)

50 MP S X 50 MP ? X 50 WF ?
50 WF{^ X 50 MP ? X 50 WF ?
50 MP? X 50 MP^ X 50 WF S
50 MP ? X 50 MP S X 50 WFc?

3. Large Pupae (LP) X Wild flies (WF)

50 LP 6 X 50 LP ? X 50 WF ?
50 WFd* X 50 LP $ X 50 WF $
50 LP? X50LPc? X 5 0 W F $
50 LP ? X 50 LP $ X 50 WFc?

Each crosses were released into each cage between 4:00 - 4:30 pm.
Observation on mating preference between SP, MP, LP and WF fly groups were done
by collecting the mated pairs in bottle ampoules from 6:00 to 9:00 pm. Individual
pair was kept in a freezer and identified on the following day using an ultra-violet
lamp. The number of each mated pair were recorded in one of the four possible
combinations (Manoto and Blanco, 1986).

1. Small pupae

SP S X SP ?
SP S X WF?

WF S X SP $

2. Medium pupae

MP (5 X MP 9
MP S X WF?
WFtfXMP?
WF(?X WF$

3. Large pupae

LP S X LP $
LP 3 X WF?
WF S X LP ?
WF(? X WF ?

c. Sterility and Longevity Test

To check the levels of sterility of the irradiated flies in three pupal size groups,
100 newly emerged adults (50 <$ X 50 ?) in five replicates were taken from the same



batch of pupae. The flies were held in small cages then kept in shelves at room
temperature with natural light from a window and fluorescent lamp. Egg collection
was done 10 days after setting by introducing egging receptacle for 24 hours. One
hundred eggs from each replication were counted, incubated in moist blotting paper
and held in petri dish once a week for three consecutive weeks. Hatched eggs were
counted after 3 days and percent hatchability was determined in each groups. For
longevity tests, adult mortality was checked by weekly counting and removal of dead
flies in each cage from first to fifth weeks after emergence.

d. Flight Dispersal Studies

Three pupal size groups marked with fluorescent dyes were brought to
Guimaras and tested its flight dispersal activity by mark recapture method (Nakamori
and Soemori, 1981). The flies were sexed after emergence and released in the
center of a one ha experimental area of a mango orchard at 7:00 am. After release,
motor oil container traps baited with methyl eugenol and malathion were hung at
varying distances from 100 - 500 m apart from the release point. Collection of trap
catches was done after 1, 3, 6, 8, 10 and 13 days after release in each case, are then
removed after 24 hours. Fly catches were brought to the laboratory for identification
by "head piercing method". Identified flies were tabulated as small, medium and
large pupae based on the fluorescent dye markings in each group.

Result and Discussion:

1. Routine Qualify Control Tests

Data on weekly and monthly routine quality control tests on the pre-and post-
irradiation treatment and at the release site of mass reared B. philippinensis for use in SIT
programmes are presented in Table 1. These data were based on the start of sterile fly
release by ground application on April to July, 2001. An average weekly pupal weight
and diameter of 13.0 mg and 1.88 mm, respectively were observed in all pupae irradiated
for release in Guimaras. Pre-and post-emergence and flight ability data ranged from 92-
95 and 85 - 90%, respectively. Test at the release site revealed an average of 90 and 84%
adult emergence and fliers, respectively. An average of 50% males were also noted on
the sex ratio tests. Stress tests showed an average of 62 % survival of newly-emerged
adults on unirradiated flies after 28 hours. Percent survival decreased to 60 and 55 %
after irradiation treatment and when conducted at the release site. Similar trends were
observed on mating index where % matings progressively decreased from 54 - 50 % at
the pre-and post-irradiation treatment, respectively. Percent mating index at the release
site was not yet included due to erratic results. Standard specifications required for
weekly and monthly quality control tests was not yet established because release of
sterile flies in Guimaras started only last April, 2001.



Table 1. Different quality control tests of mass-reared B> philippinensis for use
in SIT programs.

Test
Measured parameter

Pupal size
min. pupal weight (mg)
min. pupal diameter (mm)

Sex ratio
min. % males

Emergence & Flight ability
min. % eclosion,
min. % fliers (10 cm tube)

Stress test
min. % survival @ 28 hrs.

Mating propensity
Boiler's index (min),

10-d-old flies

Freq.

weekly

weekly

weekly

monthly

monthly

Test at the production facility

Pre
irradiation

13.0
1.88

50

95
90

62

50

post
irradiation

nr
nr

nr

92
85

60

48

Test at the
release site

nr
nr

nr

90
84

55

—

nr - not required. Mean of 5 replicates.



2. Irradiation Studies

Table 2 shows the data on the effects of different doses of gamma radiation on
emergence, flight ability, fertility and longevity tests. Statistical analysis of the adult
emergence data showed no significant difference from dosages 0 - 1 5 0 Gy. At 200
Gy, emergence was significantly affected. Flight ability data indicates that high
number of flies escaped from the flight tube on dosages 25 - 100 Gy ranging from
93.3 - 94.4 %. Beyond 100 Gy, the number of fliers progressively decreased from
73.9 - 69.0 %. Sterility test revealed that pupae irradiated at 20 - 40 Gy did not
prevent egg reproduction among irradiated adult females where 25.09 and 3.25% egg
hatchability were observed, respectively. When pupae were irradiated with 50 Gy
and above, a 100% sterility was achieved in all adult females. With regards to
longevity tests, no significant difference was observed on percent mortality of adult
OFF when irradiated with 25 - 75 Gy. However, increasing the doses of irradiation
beyond 100 Gy progressively affected the survival resulting to the decrease in adult
longevity after five weeks.

3. Fecundity and Fertility Tests

The effect of irradiation on pupa for shipment in Guimaras with dose ranging
from 58 - 90 Gy, is shown in Table 3. Irradiated females paired with irradiated
males oviposited fertile eggs with egg hatchability of 18.3%. Pairing of irradiated
females with normal males or irradiated males paired with normal females also
produces fertile eggs . (21.6 and 0.7% egg hatchability, respectively). Increasing the
dose range from 68 - 104 Gy, resulted in complete sterility on normal males paired
with irradiated females and irradiated males paired with irradiated females mating
combinations. Although 1,391 eggs were collected on untreated females mated with
treated males, none of them hatched into larvae. A high percentage of egg
hatchability of 81.6 and 83.5 % was observed on untreated males paired with
untreated females both on experiment A and B, respectively.

4. Determination of Eye Color in Relation to Physiological Development of
Pupae

Table 4 shows the daily changes in eye color of pupal development from day
2 - 8 in the mass rearing system of the Oriental fruit fly with the corresponding color
scale in the Munsell Soil Color Charts. The method for the estimation of the pupal
age is based on color changes in the compound eye as it approaches maturity. The
color changes in the eye during the period of 2 - 8 days were pale yellow, yellow,
brownish yellow, dark yellowish brown and dark bluish gray (Fig. 2a. - 2g.). At day
2 and 3, the appearance of the eye is pale yellow (Color code HUE 2.5 Y 8/3 and
HUE 2.5 Y 8/4, respectively), going yellow at day 4 (HUE 2.5Y 8/6) and day 5
(HUE 2.5 Y 8/8). The compound eyes start to turn into brownish yellow when the
pupal age approaches to 6 days old (HUE 2.5 Y 6/8). At day 7 where irradiation is to
be applied for sterilization, eye appearance is dark yellowish brown (HUE 10 YR
3/6), turning dark bluish gray at 8-day old (GLEY 2 3/1).



Table 2. Effects of different doses of gamma radiation on Oriental fruit fly, B philippinensis,
irradiated 2 days before cclosion.

Dose % % % %
(Gy) * Emergence Fliers Mortality Egg Hatch

0 98.7 ± 0.42ab 97.9 ± 0.62a 14.87 ±3.81d 83.80 ± 4.57a

25 98.4±1.04ab 94.4±1.71ab 15.93 ±2.97cd 25.07 ± 5.22b

40 97.4±1.91ab 94.9 ± 2.07b 14.87 ±3.84d 3.25 ± 2.82c

50 98.8 ±0.83 94.2 ± 0.87b 12.43 ±2.40d 0

75 98.1±0.58ab 93.2 ± 0.80b 13.50 ±3.27d 0

100 97.9±0.61ab 93.3 ± 0.95b 26.27 ± 5.45b 0

150 97.5 ± 0.76b 73.9 ± 4.57c 19.43 ± 3.76c 0

200 95.3 ± 2.73c 69.0±5.02d 30.7 ± 5.24a 0

*Data are means of 5 replicates. Means followed by the same letter in each column are not significantly
different from each other by the Duncan's Multiple Range Test.



Table 3. Fecundity and Fertility of Oriental fruit fly Irradiated with
Different Dose Range of Gamma Radiation"

Dose Range
(Gy)

A. 5 8 -

B. 6 8 -

90

1.

2.

3.

4.

104

1.

2.

3.

4.

Crosses'*

50Uc?X50U$

50 U <J X 50IR $

50IR S X 50 U $

50 IR S X 50 IR $

50Uc?X50U$

50 U S X 50 IR $

50IR(?X50U?

50IR<^X50IR$

No. of Eggs
Sampled*

3000

670

2500

415

3000

~

1391

~

Mean % Egg
Hatched

81.6

21.6

0.7

18.3

83.5

—

0

—

"Mean of 5 replicates. Irradiation was made 2 days before eclosion. Hj - unirradiated flies; IR -
irradiated flies. cEggs were collected 3 times for 3 consecutive weeks.



Table 4. Color Scale for Changes in Eye-color of Oriental fruit fly, Bactrocera
philippinemis.

Age of Pupa
(days)

1

2

3

4

5

6

7

8

Appearance

pale yellow

pale yellow

yellow

yellow

brownish yellow

dark yellowish brown

dark bluish gray

Color Code*

HUE2.5Y 8/3

HUE2.5Y 8/4

HUE2.5Y 8/6

HUE2.5Y 8/8

HUE2.5Y 6/8

HUE10YR 3/6

GLEY2 3/1

"Color tables was compared from the Munsell® Soil Color Charts (Year 2000 Revised Washable Edition).



Fig. 2a. Pupal eye color of Oriental fruit fly at 2 day old (Pale yellow,
Color code: HUE 2.5 Y 8/3).

Fig. 2b. Pupal eye color of Oriental fruit fly at 3 day old (Pale yellow,
Color code: HUE 2.5 Y 8/4).



Fig 2c Pupal eye color of Oriental fruit fly at 4 day old (Yellow,
Color code: HUE 2.5 Y 8/6).

Fig 2d. Pupal eye color of Oriental fi-uit fly at 5 day old (Yellow,
Color code: HUE 2.5 Y 8/8).



Fig. 2e. Pupal eye color of Oriental fruit fly at 6 day old (Brownish yellow,
Color code: HUE 2.5 Y 6/8).

Fig. 2f. Pupal eye color of Oriental fruit fly at 7 day old (Brownish yellow,
Color code: HUE 10 YR 3/6).



Fig. 2g. Pupal eye color of Oriental fruit fly at 8 day old (Dark bluish gray,
Color code: GLEY2 3/1).



4. Cross Correlation of Results of Different Tests.

a. Chilling Duration

Table 5 shows the rate of adult emergence and fliers of different pupal size
groups when chilled at different time intervals. Low percentage number of adult
emergence and fliers ranging from 72.67 - 83.0 % and 56.70 - 68.70%, respectively,
were observed on small pupal groups. The great mortality may indicate that
irradiation itself is deleterious to the survival of smaller pupae even if the pupae is
not chilled. Poor performance of smaller pupae maybe attributed to inadequate food
intake due to overcrowding on the rearing media. In contrast, above satisfactory
levels of emergence and fliers on medium and large pupae ranging from 85 - 97.33%
were recorded even when both pupal groups were chilled up to 24 hours. Packing of
pupae in plastic bags with 3 packs of soft ice eliminates overheating of the insects
heat built up because low temperature inside the box were maintained ranging from
11 to 18 °C for 24 hours.

b. Mating Test in Field Cages

Results of field cage mating preference studies of three different fruit fly
groups are presented in Table 6. No significant difference was observed on the
number of pairs collected between laboratory mass-reared and wild flies both on the
small and medium pupal size groups. However, there was a slight increase in the
number of mated pairs in mass reared flies as compared with the wild flies. In the
large pupal group, significant difference were observed in the mean number of
matings in mass-reared flies in comparison with the other mating combinations.
Copulation within laboratory mass reared strains occurred more frequently than
mating between mass-reared and wild flies in all three pupal size groups except in
WF <$ X MP $, where slight increase of 29.3 ± 5.5 in the mean number of pairs was
observed.

c. Sterility and Longevity Tests

Table 7 gives data on the effects of irradiation on the sterility and longevity
of adult flies in three pupal size groups. Although data on percent mortality after
five weeks was slightly high on small pupae, statistical analysis indicated no
significant difference observed on the three pupal sizes. Sterility tests revealed that
no eggs were collected on irradiated flies obtained on the same batch of fruit fly
where complete sterility was fully achieved at 50 Gy. In contrast, egg hatchability
ranging from 84.4 - 87.3% were observed in the control group.

d. Flight Dispersal Studies

Percentage recapture and mean distance of dispersal of the three pupal size
groups are shown in Table 8. High percentage of flies were recaptured on large pupa
size groups as compared with small and medium pupae (2.98%) with a mean distance



Table 5. Effects of gamma radiation oh adiili emergence and flight ability of different size of
OFF pupae when chilled at different time intervals.

Chilling
Duration

(hrs)

Oa*
b

4a
b

8a
b

12 a
b

16a
b

20 a
b

24 a
b

Temperature

22

15

11

13

14

18

Small

79.67
68.70

83.0
66.33

78.67
66.30

77.67
64.70

80.33
62.70 -

79.33
61.0

72.67
56.70

Pupal Size

Medium

96.67
89.0

93.33
88.70

94.33
88.70

95.0
86.70

94.67
86.0

94.33
85.30

91.67
85.0

Large

96.67
94.70

97.33
93.70

97.33
93.70

96.33
90.0

95.33
88.30

96.33
87.30

95.33
86.0

*a & b are relative percentage adult emergence and fliers, respectively. Emergence rate of 85% and flight ability of 80%
are considered satisfactory.



Table 6. Mating preference of different pupal size groups of Oriental fruit
fly.*

Pairs

A. Small Pupae (SP)

SP s x SP $

SP S X WF?

WF S X SP ?

WFt^X WF?

B. Medium Pupae (MP)

Pairs

MP S X MP ?

MP^XWF?

WF 6* X MP $

WFc? X WF $

Large Pupae (LP)

Pairs

LPcJXLP?

LP S X WF?

WF 8 X LP ?

WFc? X WF $

Total No.
of Pairs

126

76

73

95

Total No.
of Pairs

85

74

88

81

Total No.
of Pairs

139

65

100

58

Mean Number*

42.0 ± 6.6 a

25.3 ± 6.7 a

24.3 ±10.6 a

31.7±25.5a

Mean Number

28.3 ± 2.1a

24.7 ± 5.5 a

29.3 ± 5.5 a

27.0 ± 1.7 a

Mean Number

46.3 ± 13.0a

21.7± 1.2b

33.3 ± 6.1 ab

19.3 ± 5.9 b

% of Pairs

34.1

20.5

19.7

25.7

% of Pairs

25.9

22.6

26.8

24.7

% of Pairs

38.4

18.0

27.6

16.0

*SP - small pupae, MP - medium pupae, LP - large pupae and WF - wild flics. a Means
followed by the same letter are not significantly different from each other by DMRT.



Table 7. Effects of gamma irradiation on the fertility and longevity of adult
flies in three pupal size groups (small, medium and large)*.

A.

B.

Pupal Size

1. Small Pupae

2. Medium pupae

3. Large Pupae

Pupal Size

1. Small Pupae

Control
Irradiated

2. Medium Pupae

Control
Irradiated

3. Large Pupae

Control
Irradiated

Mean % Mortality ±SEb

29.9 ± 0.28a

19.7 ±1.10 a

21.7 ±8.53 a

Egg Hatch ±SEa b

84.4 ± 3.21a
Ob

88.6 ± 2.89 a
Ob

87.3 ± 1.69 a
Ob

*Five replicates /treatment of 50 irradiated c? and 50 irradiated $ . "No. of eggs
examined/treatment = 1,500 once a week for 3 consecutive weeks. bMeans followed
by the same letter in each column are not significantly different from each other by
the DMRT.



Table 8. Preliminary Results on the Number of Recaptured Flies and Mean Distance of Dispersal of Different Pupal
Sizes from the Release Point

Malesa
ied Recapture11

(%)

1.98

0.99

2.98

(Days) 1

119

137

193

.0

.9

.0

Mean Distance of Dispersal (m)
3 6 8 10

123.0

107.8

279.5

—

—

277.8

—

—

293.0

...

—

225.8

13

—

—

312.3

Small 6,190

Medium 5,640

Large 4,595

a Flies were released 10 days after emergence, b Percentage of flies recaptured in all traps after 13 days.



traveled ranging from 193.0 - 312.3 m from day 1 to day 13 after release. Recovery
of flies was observed only from day 1 to day 3 both on small and medium sized pupae
with mean distance traveled ranging from 107.8 - 137.9 m. Preliminary results
showed that large pupal size group had a great advantage over small and medium
sized pupae in terms of percentage recovery and mean distance traveled.
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