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ABSTRACT

The feasibility of utilizing radiation sterilization for the control

of the Oriental fruit fly, Dacus dorsalis Hendel, was the general

consideration of this study. It included a comparison of radiation

effects on flies when treated as 8-day-old pupae or as 3-day-old adults.

Treatment with 5 or 10 Krad of gamma radiation resulted in an

atrophied condition of both testes and ovaries when treated as either

pupa or adult. In the testes, such condition was induced by the death

of the stem cells, the spermatogonia, and by the degeneration of

pycnotic spermatocytes and spermatids and an eventual resorption of

testicular contents. Similarly, necrosis of oogonial cells was evident

in the ovaries.

The radiosensitivity of the male germ cells was dependent upon the

stage of cell division. Irradiation produced an abortive cell division

among the spermatogonial cells while cells undergoing meiosis became

pycnotic. The spermatids and immature sperm bundles, which do not

undergo cell division, were relatively resistant to radiation effects

when treated with 5 Krad.

The ovary was found to be more sensitive to radiation than the

testis when the same dose and age levels were used. Irradiation of both

pupae and adults inhibited ovarian growth due to oogonial cell killing.

As a consequence of oogonial death, the mitotic activity of these cells

was completely stopped. The endomitotic activity in the nurse cells

created a radiosensitive situation among the treated females forming

pycnotic nurse cells.
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There was no recovery in bot~ spermatogenesis and oogenesis even

at 44 days after treatment of either pupae or adult fruit flies

irradiated with 5 or 10 Krad. This result indicated that sterility in

both males and females was permanent.

Radiation reduced the amount of sperm transferred by a l5-day-old

male treated with 10 Krad during the pupal stage. This was possibly a

consequence of death of spermatogonial cells resulting in aspermia.

However, males irradiated during the adult stage and those irradiated

with 5 Krad at either stage were able to transfer sperm longer than

those treated with 10 Krad during pupal stage.

Studies evaluating mating performance of male flies indicated that

both treated and nontreated males in a 3:1 ratio, except those treated

with 10 Krad in the rupal stage, competed with equal success with normal

females. Irradiation reduced fertility of eggs laid by females mated

with treated males. A dose of 5 Krad induced about 99.5% dominant

lethality among the sperm of testes when flies were treated as late

pupae and about 91.9 to 99.8% lethality when males were treated as

3-day-old adults with 5 and 10 Krad, respectively. In addition, the

fecundity of the females was affected by radiation treatment so that none

or very few eggs were laid by treated females. Certain biological

effects of radiation sterilization on longevity were also evaluated.

Mortality studies on irradiated flies showed that sterilization with 5

or 10 Krad did not affect the longevity of adults, at least for 90% of

the population.

These findings indicate that a sterilization procedure with 3-day-old

adults of 10 Krad may be further explored with a view to employing it in
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a control program. Alternatively, one may utilize irradiation of 8-day­

old pupae with 5 Krad.
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INTRODUCTION

The use of atomic radiation for sterilizing insects is now

recognized as one of the more promising methods of controlling some

insects of economic importance. The successful use of the so-called

sterile-male release technique has been exemplified in the eradication

of the screwworm fly, Cochliomyia hominivorax Coquerel, on the island of

Curacao (Baumhover, et al., 1955), and in the southeastern parts of the

United States (Bushland, 1960). Since then, the screwworm eradication

program has been intensified in Texas, New Mexico, Arizona, California,

and Mexico (Hightower and Graham, 1968).

The success of the screwworm control program has stimulated

research with other insects, particularly the Oriental fruit fly, Dacus

dorsalis Hendel, an important pest of fruits and other crops in

tropical areas like Hawaii.

Work conducted by L. F. Steiner and associates at the U. S.

Department of Agriculture Hawaii Fruit Fly Investigations Laboratory

showed that pupae exposed to 10 Krad of irradiation produced sterile

males and prevented egg production in female D. dorsalis. However, they

reported that dosages below 8.5 Krad resulted in recovery of fertility

in flies after the first 3D-day period of adult life (Steiner, et al.,

1962).

With these findings, a sterile fly release program using 10 Krad

was conducted on Guam in 1960-1964 and the Oriental fruit fly was

eventually considered eradicated (Steiner, et al., 1970). In view of

this apparent success, studies were conducted to determine the effect
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of gamma radiation on the gonads of the flies treated during the pupal

stage with 2.5, 5, la, and 15 Krad (Manoto, 1971). Results showed that

5 Krad or higher produced a general atrophied condition in both the

ovaries and testes of the fly and that no spermatogenic activity was

observed among the spermatogonia which are the stem cells of the male

gonad. Also, pycnotic conditions in the chromatin materials of the

spermatocytes and degeneration of the testicular contents were noted.

In the ovaries, no eggs were found and some pycnotic nurse cells were

observed.

Further extension of these data was deemed desirable in order to

establish the mechanism of sterility induced by radiation on the adult

flies and to verify radiation damage by sectioned preparations of gonads.

Also, a comparison of the effects of radiation on 8-day-old pupae and

3-day-old adult was conducted. In the present study, the following

aspects were studied:

(1) The effect of radiation on the sizes of testes and ovaries.

(2) The possible mechanism of sterility brought about by

irradiation of the different germ cells.

(3) A comparison of the inseminating capacity of irradiated and

nonirradiated males.

(4) The effect of irradiation on the competitiveness, fertility,

fecundity, and longevity of the adults when the flies were treated

during pupal and adult stages.



REVIEW OF LITERATURE

In recent years, intensive studies have been made on the effects of

radiation on the reproductive system of a number of insects. In general,

these studies have one ultimate objective--the sterilization of adult

pest insects and their rel~ase as a means of control.

The theoretical basis of the sterile-male release technique,

conceived by Knip1ing (1955) is that if sterile males are released into

a given population in an isolated area so that the number of sterile

males is about the same as that of the native males in the population,

and if the sterile males are competitive, both types of males would then

have an equal chance of mating with the native females. As a result,

the number of insects in the next generation would be reduced by about

50% inasmuch as only half of the eggs laid would be fertile.

LaChance and Riemann (1964) and LaChance (1967) have explained

several ways in which sterility can be induced in males. Sterility may

be caused by dominant Ie thaI mutations in the sperm, aspermia, and sperm

inactivation. Dominant lethals may be induced in the genetic components

of the germ cells which may not hinder the maturation of the gamete but

may prevent the zygote from developing into maturity. Irradiation could

stop sperm production completely so that the male becomes aspermic, or

the supply of the sperm may be inhibited. On the other hand, radiation

may induce sperm inactivation by production of (1) completely immobile

sperm; (2) sperm that are not able to penetrate the egg; and (3) sperm

that do not participate in pronuclear fusion or fail to function in

syngamy.
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The relative merits of these types. of male sterility in a mass

release program have been discussed by LaChance, et al. (1967). So far,

for the majority of insects investigated, the nest desirable type of

male sterility is the one involving the production of dominant lethal

mutations in the sperm. This mutation is a nuclear change which was

first demonstrated by MUller (1927) on Drosophila melanogaster. Smith

and von Borstel (1972) reviewed some mechanisms of sterility such as

dominant lethal mutations as well as other chromosomal trans locations

brought about by radiation and other agents and their possible

applications towards genetic control in insects.

In the females, sterility due to dominant lethal mutations may be

equally possible by irradiation. Also, irradiation of females may

result in complete cessation of egg production or infecundity. Grosch

and Sullivan (1954) and Erdman (1961) have confirmed this for the

parasi tic wasp, Hab rob racon j uglandis (.Ashmead), and LaChance and

Leverich (1962) have demonstrated it in the case of the screwworm fly,

Cochliomyia hominivorax.

Effect of radiation on the male germ cells

During spermatogenesis the cells go through the different stages of

spermatogonia, meiosis (primary and secondary spermatocytes), and

spermiogenesis. Cells in various stages of spermatogenesis were

observed to respond differently to radiation treatments. For example,

in the pupal testis of the screwworm fly, most very young spermatocytes

were killed by 100 r of Cobalt-60 radiation and the seconda.ry

spermatogonia were not killed until the radiation dose reached
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1500-3000 r (Riemann, 1967). However, when the testis of D. melanogaster

Meigen was x-rayed (Alexander and Stone, 1955), the number of dominant

lethals rapidly increased from early spermatogonia through meiosis and

into spermiogenesis and then decreased again.

Nakanishi, et al. (1964) observed six successive stages in the

spermatogonia of the silkworm moth, Bombyx mori (L.), and noted that the

least mature spermatogonial cells were the most sensitive to X-rays.

These workers measured sensitivity by the degree of pycnosis of the

chromatin materials in irradiated gonial cells. Riemann (1967) showed

that in the screwworm fly, ~. hominivorax, irradiation of late pupae

with a dose of 6 Krad from a cobalt-60 source produced necrosis in most

young spermatocytes and all but a few early secondary spermatogonial

cells within 6 or 7 hours after treatment. It was presumed that for this

species, even a dose as low as 3.5 Krad, which was found as the

sterilizing dose for adult males, was sufficient to destroy all gonial

cells and, therefore, cause permanent sterility in irradiated males.

In the case of the beet leafhopper, Circulifer tenellus, Ameresekere,

et al. (1971) observed that males treated with 15 to 20 Krad showed

progressive reduction in the variolJS stages of spermatogenesis as a

result of cell necrosis and sperm depletion.

Riemann and Thorson (1969) investigated the radiosensitivity of

three other species of Diptera, and showed that while the sterilizing

dose of 2.5 Krad was enough to arrest all gonial cell activity in Musca

domestica L., much higher doses than the so-called sterilizing dose were

required to cause gonial cell death in the case of Phormia regina Meigen

and Cochliomyia macellaria (Fab.).
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Gross effects of irradiation of the testis may range from the

production of uecrotic and pycnotic areas in the testes to a decrease

in overall size. Kaufman and Wasserman (1957) observed that the testes

of adultCochlionwia, irradiated during the pupal stage, were very

elongated, thin and almost collapsed, and heavily pigmented. A general

decrease in size of irradiated testes was observed in a number of

species like the boll weevil, Anthonomus grandis Boheman (Mayer, 1963),

and the stable fly, Stomoxys calcitrans (L.) (Offori, 1970). Mayer

observed that the testicular tissues became pycnotic prior to sperm

formation after receiving a dose of 8 to 10 Krad and that the only

defect immediately observed was a "stickiness" of the chromosomes.

Offori (1970) observed that when a dose of 5 Krad was given to either

pupae or adult, all the spermatogenic activity ceased within 10 days

after treatment causing a visible reduction in size of the testes.

Anwar, et al. (1971) investigated the effect of radiation on the

testes of the Mediterranean fruit fly, Ceratitis capitata Weidemann, and

found that 10 Krad stopped spermatogenesis by destroying spermatogonia,

spermatocytes, and spermatids. They further added that radiation

induced dominant lethal mutations in the sperm.

Effect of radiation on the female germ cells

Studies reported by LaChance and Bruns (1963) and LaChance and

Leverich (1968) on female ~. hominivorax indicated that both gamma

radiation and chemosterilants not only slowed down the rate of ovarian

growth but also caused cytopathological changes in developing egg

follicles. Formation of grossly malformed oocytes resulted in reduced
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egg production. LaChance and Bruns (1963) conducted studies on the

cytopathology of normal and irradiated screwworm ovaries when irradiated

with 2 to 4 Krad. They found the most sensitive stage to be the period

during which the egg chambers contained nurse cells undergoing

endomitotic replication of chromosomal materials.

Annan (1954) reported that mature female Drosophila treated at 5

Krad had atrophied ovaries after four days. This might be part of the

reason Annan (1955) concluded that the female is more susceptible to a

reduction of fertility than the male. King, et ale (1956a) reported that

most germaria in the ovarioles of Drosophila degenerate completely

following exposure to 6 Krad or more of gamma rays and at lower doses

the ovary recovered but ovarian tumors were observed. At higher doses

the nuclei of the oocytes, nurse cells, and follicle cells did not stain

darkly following the Feulgen procedure. King (1957) observed that one or

two days after irradiation the oocytes exhibited a large number of

Feulgen-positive granules throughout the cytoplasm of all cells. These

nuclei were shrunken, densely stained and the cell walls underwent

cytolysis. He observed two overall effects of radiation: (1) the most

common was an abnormal distribution of the developmental stages of

oogenesis leading to a general decrease in the rate of oogenesis; and

(2) the inhibition of cell division particularly in the oogonial cells.

Other investigators have observed similar effects on other insects.

LaChance and Leverich (1962) found that when pupae of the screwworm fly

were irradiated at doses ranging from 1-5 Krad the number of mature

oocytes produced decreased as the dose increased. Furthermore, the

hatchability of the eggs produced was lowered indicating that some
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dominant lethal genes were produced and carried through. maturati.on and

manifested in the embryo. At 5 Krad, the oogonial cells were destroyed

since mature ova were not produced. Also, LaChance and Bruns (1963}

observed periods of development when the volumes of the ovarioles were

reduced by one-half or more by irradiation. The apparent reduction in

the volume of ovarioles was probably not due to reduction in their

number but to a morphological change in these ovarioles.

Irradiation of developmental stages in Drosophila has always

resulted in a reduced number of ovarioles (King, 1957). Conversely,

Erdman (1961) observed that during any developmental stage in

Habrobracon juglandis (Ashmead), the somatic ovarian tissues (ovarian

sheath) functioned normally, producing 4 ovarioles in each female, even

when exposed to a range of X-ray doses from sterilizing to sublethal

although egg production was reduced in treated females.

Tahmisian and Vogel (1953) determined the relative biological

effectiveness for ovariole sensitivity to irradiation in Melanoplus.

They called attention to the possibility that the high anabolic rate in

the ovary might be the major cause of sensitivity. In all cases, the

ovarioles became filled with what these authors called undifferentiated

embryonic cells. Atwood, et al. (1950) also noticed gaps in the nurse

cell-oocyte successions in ovarioles of Habrobracon. They concluded that

most likely irradiation adversely affected the follicle and nurse cells

more than the oocytes, especially at times when the oocyte nucleus has

chromatin in the diffuse state. In the beet leafhopper, Q. tenellus,

females exposed to 5 Krad radiation differed from the untreated females

in no way other than in a reduction of various cell stages of oogenesis;
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10 Krad dosages caused suppression of the developmental stages of

oogenesis while the remaining cells showed nuclear disintegration and

cellular atrophy (Ameresekere, et al., 1971).

Some bi.ological effects of radiation

The success of a control program involving the use of the radiation

sterilized insects depends not only on the degree of sterility induced

by radiation, but also on the mating ability and longevity of the treated

insects. Irradiation of C. hominivorax with 2.5 Krad caused no

appreciable reduction in the longevity of adult flies, while a dose of

5 Krad greatly reduced the lifespan of both males and females although

this dose had a less drastic effect on females than males. Davis, et ale

(1959) sterilized the malaria mosquito, Anopheles quadrimaculatus Say,

using doses ranging from 8.8 to 12 Krad and noticed reduced mating vigor

among males so treated. Weidhaas and Schmidt (1963) noted a similar

reduction in competitiveness in irradiated males of Aedes aegypti.

Proverbs and Newton (1962) reported that doses of gamma radiation that

induced dominant lethal mutations in the sperm of the codling moth,

Carpocapsa pomonella, had no adverse effect on the longevity and mating

ability of males. Henneberry (1963) irradiated pupae and adults of D.

melanogaster with 3 doses, ranging from 4 to 16 Krad, and reported no

significant differences in the longevity or mating ability of treated

males compared with mtreated insects.

For the house cricket, Acheta domesticus, life expectancy of females

was increased by 0.5, 1, and 2 Krad of gamma radiation but life

expectancy of male crickets was not significantly increased at these
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radiation levels (Hunter and Krithayakiern, 1971). However, doses from

4 to 10 Krad significantly reduced life expectancy in both sexes and no

eggs were laid at doses above 4 Krad.

Studies on the Oriental fruit fly, Dacus dorsalis Hendel, have

dealt largely with its biology, laboratory rearing, and control.

Preliminary investigations on the use of gamma radiation for the control

of this fly were started in 1955 by Steiner and Christenson (1956). They

found that dosages between 6.7 and 8.4 Krad caused sterility in the

adults but recovery of fertility was observed 30 to 50 days after adult

emergencc-'.. However, dosages between 8.5 and 10 Krad gave complete and

permanent sterility in emerging adults. Balock, et al. (1963) showed

that dosages of 7.5 mid 15 Krad prevented the develo~ment of immature

stages to the adult stage when applied to eggs and larvae of this species.

About 4.7 Krad prevented 95% emergence of adults when 1- to 3-day-old

pupae were irradiated. Older pupae were more resistant and required 100

Krad to prevent adult emergence. However, emerging adults were sterile

when treated with 10 Krad as mature pupae.

Christenson (1955) reported that females from pupae irradiated at

dosages above 4.5 Krad produced fewer eggs with each increase in dosage

until at 12 Krad no eggs were produced. On the other hand, 12 Krad

reduced the quantity of spermatozoa deposited by irradiated males.

The present study was undertaken to obtain information on the

biological and histopathological effects of radiation on the gonads of

the Oriental fruit fly, Dacus dorsalis Hendel.



MATERIALS AND METHODS

The biology of the Oriental fruit fly and methods of rearing have

been described in several publications (Finney, 1956; Mitchell, et al.,

1965; Tanaka, et al., 1969). Most specimens used in this study were

obtained from the stock culture of the fly rearing section of the Hawaii

Fruit Fly Laboratory, U. s. Department of Agriculture which is located

on the University of Hawaii campus. The stock culture has been

continually reared in the laboratory for over 20 years. The larvae were

reared on artificial diet consisting of wheat shorts, yeast, moisture

control agent (Gelgard M), and sugar (Tanaka, et al., 1969). The pupae

were kept in holding paper bags containing a moist, dust-free grade of

fine vermiculite.

Age determination: For pupae, a batch of approximately 8-day-old

samples was irradiated at 5 and 10 Krad. These pupae were held in wooden

screened cubical cages (25 x 25 x 26 cm). For histological observations

and other experiments only those adults which emerged between 6 and 10

in the morning at 2 days after irradiation were used. Since irradiation

was usually done at 8 am, the age of the individual at irradiation was

estimated to be -2 d ± 2 hours. A -2 d old individual is regarded as a

pharate adult within the puparium which will emerge in 2 days. In the

case of the adults, +3 d ± 2 hour-old flies were us£:d.

Radiation equipment anp irradiation procedure: Irradiations were

carried out at the Cobalt-60 source of the Hawaii Research Irradiator
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located at the Food Science and Technology Department of the University

of Hawaii. This facili ty is a pool-type Mark IV irradiator provided

with canisters of 3 different sizes for irradiation. A 3-inch wet

canister was used throughout the experiment. The source was installed

in January, 1965 with 30,000 curies and was upgraded to about 27,700 curies

in August, 1968.

In all irradiations, the pupae were held in plastic vials (2.7 cm in

diameter and 6.7 cm in height) while the adults, which were immobilized

at 5-6°C and sexed, were placed in plastic containers (5.1 cm in

diameter and 8.2 cm in height). These plastic containers were inserted

in a stainless steel waterproof cylinder and irradiation was done at a

rate of 2-3 Krad per minute at a pool temperature of l4-l5°C. The

dosimetry of the source was based on the data of Ross and Moy (1968) and

was further checked by Fricke ferrous sulphate dosimetry (Anonymous, 1959).

Prior to irradiation, the durations of exposure at 5 and 10 Krad were

calculated using the decay factor for Cobalt-60 which has a half-life of

5.24 years.

After irradiation, both pupae and adults were held in screened

cubical cages (25 x 25 x 26 cm) and were provided with food composed of

yeas t hydrolyzate, sugar cubes, and water.

The procedures for the experiments were conducted as follows:

Radiation effects on gonads

A. Effect on size: For this experiment, pupae (-2 d) and adults

(+3 d) were treated with 5 and 10 Krad. About 200 individuals were

irradiated at each dose and age level while the control contained the
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same number of flies or pupae. The irradi.ation procedure and the age of

the individuals were already described above. After irradiation the

pupae and/or the adults were placed in screened holding cages.

Upon emergence of the adults from irradiated pupae, 10 males and 10

females were obtained at random from each of the treated and untreated

lot. These flies were designated as O-day-old. The gonads were dissected

out in Ringer's modified saline solution using a pair of fine dissecting

forceps. With a calibrated ocular micrometer, measurements were made on

the maximum length and width of the gonads at 30x magnification.

The length of the testis was measured from the anterior tip to the

posterior end of the seminal vesicle or that point of attachment with the

vas deferens. In the case of the ovaries, measurements were taken from

the anterior tip of the ovary to the union of the lateral oviduct. In

both gonads, the greatest width was taken perpendicular to the length.

B. Eff@ct on the germ cells: In order to assess the cause of

sterility brought about by radiation on the different germ cells of the

gonads of the fruit fly and to compare any difference in sensitivity of

these cells to irradiation, a histological study of the gonads was

conducted. Both pupae and adults were used in this experiment. One

group of about 300 pupae (-2 d) was treated with S Krad and another

group with 10 Krad. The same procedl're was repeated with the adults

(+3 d) and the irradiated samples were held in screened cages. An

untreated batch was used as a control.

At 4 days after irradiation adults were removed from each cage,

immobilized in the refrigerator at SoC, and their gonads were dissected

out in saline solution and fixed in Kahle's Fluid for 24 hours.
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Procedures on dissection and fixation were based on the techniques fol­

lowed by Anwar, et ale (1971). The gonads were stored in 70% ethyl

alcohol until time for embedding. Another batch of adults was dissected

after 12 and 44 days. The gonads were embedded in Paraplast (56-58°C

M.P.) after passing through an ascending series of ethyl alcohol

solutions. Each paraffin block was sectioned at 6 or 10 microns,

stained by the Feulgen procedure (Pearse, 1960), counterstained with

fast green (0.4% alcoholic), and mounted in Canada balsam.

Another batch of slides was stained with Harris hematoxylin

(Humason, 1967) but was not satisfactory. Temporary squash preparations

wer.e made and stained with aceto-orcein and sealed with nail polish to

prevent evaporation. Also, some whole mounts were prepared and stained

according to the Feulgen procedure. In the untreated females, some

problems were encountered in embedding the mature ovaries so after

fixation in Kahle's solution, the tissues were infiltrated with an

ascending series of n-butyl alcohol (Smit~, 1943). A 4% phenol (W/V)

was added to prevent crumbling of the yolky material. The same

procedure for sectioning and staining was followed as described earlier.

The slides were dried on a slide warmer for at least 2 weeks at 43°C

and were examined with a compound microscope for histological changes in

the different germ cells. The cells studied include spermatogonia,

spermatocytes, spermatids, immature and mature sperm of the testis,

oogonial cells, nurse cells, oocytes, and follicle cells of the ovary.

The differentiation of the cells from one another was accomplished by

examination of the position in the gonad, the relative size, and degree

of staining of the cell.



15

Photographs were taken of the preparations with a Nikon Microflex

camera mounted over a compound microscope to show the histopathological

changes induced by irradiation. Line drawings representing the location

of the sections of the gonads for clarification of the photomicrographs

are given in the appendix.

Inseminating capacity of irradiated and nonirradiated males:

After preliminary studies on the number of females that one male fly

would inseminate and the length of time for copulation, pupae (-2 d) and

adults (+3 d) were irradiated each with 5 and 10 Krad. After treatment,

each male was kept in a 2-layered cage consisting of superimposed

identical plastic containers designed by Keiser, et al. (1972). The

first layer serves as the main cage while the second layer serves as the

water receptacle. Bach container is 7 em high and 9.2 cm in dia. The

upper container (cage) is placed on the lower container (water receptacle)

with a 1.1 em diameter hole in the bottom of the upper layer aligned with

a similar hole in the cap of the lower layer through which a dental roll

is inserted to serve as source of moisture. For ventilation, the

polyethylene snap cap of the upper container is provided with ca. 230

holes each with 2 rom diameter.

At 8 days of age, each male was provided with one virgin, sexually­

mature untreated female. Pairing was done at 3 PM and each.. female was

removed at 8 o'cloCk the following morning. A fresh vIrgin female was

then supplied to the male and the test was repeated until the male was

44 days old. Nonirradiated males served as controls. Ten replications

were conducted with a total of 13 virgin females per male. Each female
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was dissected in saline solution and squash preparations of the

spermathecae were made. The quantity of sperm in the spermathecae was

scored subjectively as follows: 0 = none, 1 = trace, 2 = few, 3 =

abundant. This rating was based on the procedure of Ohinata~ et aL

(1971) •

The data gathered were subjected to analysis of variance and the

means were evalu.~ted by Dtmcan' s multiple range tes t as shown in Table

5.

Competitiveness of irradiated and nonirradiated males: An

experiment was conducted to determine the competitiveness of irradiated

and nonirradiated males with normal females by determining egg

hatchability. Pupae (-2 d) and adults (+3 d) were exposed to 5 and 10

Krad gamma radiation and the following ratios were mated:

Dose Age Irradiated Nonirradiated Untreated
(Krad) male male female

0 0 4 1

5 -2 d 3 1 1

10 -2 d 3 1 1

5 +3 d 3 1 1

10 +3 d 3 1 1

Pairings were done when the males were 10 days of age and they were

allowed to cohabit in a 2-layered plastic cage described in the previous

experiment. The upper layer of the cage is provided with a 2.4 cm diameter

side hole through which a 3-dram oviposition plastic vial is fitted. This

vial is provided with about 16 holes, 0.5 rom diameter, and a piece of
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sponge saturated 'witli 5();~ guava juice in water to stimulate oviposition

and prevent dessication of the eggs. Eggs were collected twice a week

for a period of four weeks. The total number of eggs and the number of

eggs hatching per female were recorded. Six replicates were used for

each category.

The data were analyzed using a Chi-square test where it was assumed

that both sterile and normal males, when confined with a single female,

had equal chances of sperm transfer and competitiveness. The values

were pooled from the observed and the expected percentages of egg

fertility from all the crosses. The results from the pooled data are

shown in Table 6.

Fertility and Fecundity of adult flies: To determine the fertility

of eggs laid by females mated with treated or non treated males and the

fecundity of irradiated and nonirradiated females, both pupae and adults

were treated with 5 and 10 Krad of gamma radiation and the following

crosses were made:

no rmal (N) female x no rmal (N) male

normal (N) female x 5 Krad (51) male

5 Krad (51) female x normal (N) male

normal (N) female x 10 Krad (101) male

10 Krad (101) female x normal (N) male

Five pairs of each combination were placed in a plastic cage and,

in all cages, eggs were collected when the adults were 10 days old by

using a 3-dram oviposition plastic vial described earlier. Eggs were
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collected twice each week until the flies were 44 days of age to assess

any occurrence of recovery of fertility.

The procedure for each experiment was as follows:

A. Fertility experiments: For this aspect, eggs were collected at

2 oviposition periods: 10 days of age until the 28th day and from the

30th until the 44th day of life. These 2 periods were designated as

first and second month of oviposition, respectively. The second period

was a check to determine any recovery of fertility after the 28th day,

the age of flies when I terminated my previous experiment on fertility

(Manoto,197l).

The experiment here was designed for a 2 x 3 factorial analysis

which provided for estimating the effects of factors such as stage of

development, dose, and period of observation.. The different percentages

were transformed to angles by arcsin transformation (Snedecor and

Cochran, 1967) and the results from five replications are presented in

Table 7.

B. Fecundity studies: The number of eggs laid by irradiated and

nonirradiated females was determined from 5 females per cage. Eggs were

collected twice each week from flies between the ages of 10 and 44 days.

A total of nine egg collections was made and four replications were made

for each treatment. The mean number of eggs laid per female was

calculated. The data were subjected to logarithmic transformation (log

x + 1) and were analyzed by a 2 x 3 factorial experiment. Results are

shown in Table 8.
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Longevity of irradiated and nortirradiated flies: The length of

life or longevity of·adults from irradiated samples may be a useful

criterion in evaluating injury from radiation. Therefore, experiments

were performed to determine the effect of 5 and 10 Krad on the lethal

times for 50 and 90 per cent of the population taken from irradiated

pupae and adults. Four wooden cubical cages, each containing 50 males

and 50 females together, were set up for each treatment level and two

other cages were set up for the untreated flies which served as the

control. Each group was replicated four times.

Mortality was recorded twice each week for each cage and from the

data, the lethal times for 50 and 90 per cent of the adults in the

population were calculated. The results are shown in Table 9.



RESULTS AND DISCUSSION

Normal growth of the testis

Data for the growth of the testis in a normal male Oriental fruit

fly are presented in Table 1. Much variation was encountered in

measurements of the length of the testis because some testes were bent at

the apical region while others were fairly straight. For example, with

newly-emerged males, the length varies from 0.80 to 1.25 rom. On the

other hand, not much variation was observed in the width measurements.

A range of 0.35 to 0.50 rom in width of testes was observed from a

newly-emerged to a 48-day-old adult.

The maximum mean length of the testis, 1.43 rom, was attained at 16

days after emergence while the maximum vlidth, 0.47 rom, was reached at

4 days. However, there was not much increase in length as shown between

a newly-emerged and a l6-day-old testis. This would indicate that as

the number of spermatogenic cells present in the testis increases there

is not much of an increase in size or stretching in the epithelial sheath.

This is quite reasonable since the size of the sperm, although not

meas ured in this experiment, could be meas ured in microns, as compared

with the macroscopic egg. The sperm consists of a head, which contains

the nucleus, and a tail, in which are cytoplasmic elements specialized

for swimming. The small amount of cytoplasm makes possible the

production of a large number of sperm without much increase in testicular

growth. Thus, this condition enables the male to transfer large amounts

of sperm during mating to facilitate the union of sperm and egg.
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TABLE 1. GROWTH OF THE TESTES IN UNTREATED ORIENTAL
FRUIT FLIES, DACUS DORSALIS HENDEL.

Age of Measurement of testis in mma
adult Length Width

(days ± 2 hrs) Range Mean Range Mean

0 0.80 - 1. 25 1.06 + 0.05 0.35 - 0.40 0.39 + 0.01

4 1. 20 - 1.60 1.37 + 0.03 0.40 - 0.50 0.47 + 0.01

8 1.25 - 1. 55 1.39 + 0.03 0.40 - 0.50 0.45 + 0.01

12 1.20 - 1.55 1.39 + 0.02 0.40 - 0.50 0.43 + 0.01

16 1.25 - 1.50 1.43 + 0.03 0.40 - 0.45 0.44 + 0.01

20 1.20 - 1. 45 1.31 + 0.03 0.35 - 0.45 0.42 + 0.01

24 1.15 - 1. 65 1.36 + 0.04 0.35 - 0.40 0.39 + 0.01

28 LOS - 1.50 1.34 + 0.04 0.35 - 0.45 0.40 + 0.01

32 1. 20 - 1.55 1.37 + 0.03 0.35 - 0.45 0.40 + 0.01

36 1.15 - 1.55 1.38 + 0.03 0.35 - 0.40 0.39 + 0.01

40 1. 05 - 1. 50 1. 31 + 0.05 0.35 - 0.45 0.38 + 0.01

44 1.10 - 1.55 1.33 + 0.04 0.35 - 0.45 0.38 + 0.01

48 1. 05 - 1.50 1. 22 + 0.04 0.35 - 0.40 0.37 + 0.01

~he mean number was taken from 10 males + the standard error.
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Effect of radiation pn testicular growth

Measurement of the length and width of the testis after exposure

of adults ~r pupae to radiation could serve as an indicator of the degree

of damage inflicted by various doses of radiation on the different

spermatogenic germ cells present in the testis.

The data show that radiation significantly reduced the size of the

testis producing an atrophied condition in testes from males irradiated

either as pupae or as adults (Figs. 1 and 2). However, no significant

differences were detected in the size of the testis treated with 5 Krad

as compared with those treated with 10 Krad.

Reduction in growth of the testis after irradiation may account for

the decrease or absence of spermatogenic activity as a possible

consequence of radiation damage to the germ cells. However, the

measurement of size alone, the length and width, is not a good

indicator of the exact degree of damage. A histological examination of

the irradiated testis is necessary.

Histological aspects of normal spermatogenesis

The structure of the testis and spermatogenesis has been described

(Manoto, 1971). In brief, the Oriental fruit fly possesses a pair of

testes situated in the dorsal region of the abdomen. The color of the

testes varies from pale yellow to dark yellow or almost orange depending

upon the age of the flies, that is, the older the fly the more intense

the color. Each testis represents a single sac or tube which contains

the different stages of development of the spermatogenic germ cells.

The various stages of spermatogenesis, or the development of the
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Figure 1. Effect of gamma radi..ation on length of testis when

treated as 8-day-old pupae (p) and as 3-day-01d

adult (a). Each observation represents the mean

length of testes from 10 males.
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Figure 2. Effect of gamma radiation on width of testis when

treated as 8-day-old pupae (p) and as 3-day-old

adult (a). Each observation represents the mean

width of testes from ten males.
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sperm from the stem cell, the spermatogonium, to a mature sperm is

easily seen in a normal testis. The germarium or the zone of

spermatogonia, the zone of spermatocytes, the spermatids, the immature

sperm, and the mature sperm can be readily distinguished, in that order,

starting from the apical part to the base of the seminal vesicle of the

testis.

In order to determine the histopathological damage caused by

radiation, one 'should first be acquainted with the normal testis. A

schematic drawing of the longitudinal section of the testis is shown in

Fig. 3 which is intended as a reference source for interpreting the

location of the different germ cells. Some of the criteria used in

distinguishing the various cells were: the position in the gonad, the

relative size of the cell, nuclear morphology, degree of staining, and

the nuclear/cytoplasmic ratio.

A description of the different zones and the germ cells present

together with the progressive process of development into mature sperm

is discussed as follows:

Germarium or zone of spermatogonia: The germarium lies in the

apical region of the testis and contains a mass of spermatogonia. Each

spermatogonium represents a multiplicative phase. This generation of

cells by mitosis provides for the large number of sperm to be

temporarily stored at the seminal vesicle for transfer to the female

during mating.

The younger spermatogonia, otherwise known as the primary

spermatogonia, are located in the apical end and appear in groups rather
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than in a cyst, however, as multiplication proceeds the gonial cells

become arranged in cysts (Fig. 4). The cells are presumably the

secondary spermatogonia, and the cells in a cyst represent those of the

same age resulting from the division of the younger spermatogoni.a.

The primary spermatogonia are small, round cells which have large

nuclei with darkly staining diffuse, Feulgen-positive chromatin materials.

On the other hand, the secondary spermatogonia which are enclosed in a

cyst appear somewhat smaller than the primary gonial cells probably owing

to their repeated cell division, and have a relatively high nuclear/

cytoplasmic ratio.

Al though the number and size of the gonial cells in each cys t were

not determined, these measurements will be expected to vary in each cyst

depending upon the stage of gonial multiplication. In addition, the

cysts containing the cells will presumably increase in size as the cells

multiply. In Musca domestica about 5-6 spermatogonial generations were

observed (Perje, 1948).

Zone of spermatocytes: This zone is referred to as the growth zone

by Snodgrass (1935). Although there is no sharp division between the

region occupied by the spermatogonia and the spermatocytes, it is expected

that after a series of mitotic divisions, the number which is still unknown

in the Oriental fruit fly, the secondary spermatogonium will enter a

period of growth and form primary spermatocytes or premeiotic cells.

Such cells divide meiotically to form the secondary spermatocytes.

The primary or young spermatocytes can hardly be distinguished from

the older gonial cells except for the relative size of cells and degree



Figure 4. Longitudinal section of a testis from a 12-day-old

untreated fruit fly showing an array of different

stages of spermatogonia (SG) in groups (g) and in

cyst (c) and some primary spermatocytes (SCI),

Feulgen, 10 ~, x160.
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of staining of chromatin materials. The primary spermatocytes which also

occur in cysts are somewhat bigger than the secondary spermatogonial

cells; the former having larger cytoplasm and nuclei. The nuclei of

young spermatocytes are characterized by light staining with Feulgen

procedure except for some clumped chromatin materials usually located

on the periphery of the cells (Fig. 5). These cells are presumably in

the early prophase stage of meiosis I. However, in other cells, the

chromatin materials become more visible as the chromosomes pair and

become short and thickened forming different shapes, i.e., crosses,

y-shapes, rod-shapes, etc., during late prophase stage (Figs. 6 and 7).

The secondary spermatocytes are formed after completion of meiosis

I. These cells are about 1/2 the size of the primary spermatocytes but

also possess condensed chromatin around the periphery of the cell.

Only a few cysts of secondary spermatocytes could be observed as

compared with the primary cells. This observation may indicate that

there is a rapid cell metamorphosis which involves division wherein the

secondary spermatocytes divide readily to form spermatids.

Zone of spermatids and beginning of spermiogenesis: The spermatids

undergo several stages of spermiogenesis upon completion of meiotic

division. This process involves the different stages undergone by the

spermatid to form mature sperm. After completion of the reduction

division, the nuclei contain highly condensed, dot-like chromatin

materials which appear in a peripheral arrangement within a cyst (Fig.

6). These nuclei migrate to the periphery of the cysts, while at the

same time, the cell bodies begin to elongate toward the center of the



Figure 5. Longitudinal section of a normal 12-day-old

testis showing spermatogonia (SG) and primary

spermatocytes (SCI), Feulgen, 6 ~, x400.
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Figure 6. Longitudinal section of a 12-day-old testis showing

progression of meiosis. Note cells in prophase (PR)

and a probable final reduction division (RD) prior

to spermiogenesis. Note the spermatid (SD) and

sperm bundles (SB) in the center, Feulgen, 6 ~, x800.
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Figure 7. Progression of meiosis and spermiogenesis. Note

arrangement of chromosomes (CH) in cells and

spermatids with. elongated tails (ST) in bundles,

Feulgen, 6 ~, x800.

34



35

cyst forming a wheel-like appearance. Other spermati.ds in an advanced

stage of development have their nuclei concentrated in one side of the

periphery of the cyst while their tails are elongated toward the other

(Fig. 7). In still later stages, the nuclei enlarge and become half­

moon or crescent-shaped in appearance with elongated tails. These

spermatids are usually seen at the periphery or lateral areas of the

testis extending beyond the immature sperm region (Fig. 8).

Zone of inunature sperm and maturation of· the sperm: As a

consequence of spermiogenesis, the nuclei with the crescent-shaped

appearance elongate forming long fibre-like heads which are loosely

arranged at the lateral areas of the testis, whereas the nuclei of other

immature sperm at the center of the testis can be observed as darkly

staining, long thin rods, which, as maturation continues, form bundles

of highly compact immature sperm. These bundles of sperm are usually

encountered in the center of the testis (Fig. 8). It is assumed,

therefore, that the more compact the bundles, the more mature they are.

The highly coiled compact bundles of sperm migrate towards the

posterior end of the zone of immature sperm close to the entrance into

tr..e semil~.!il vesicle which occupies the lotver part of the testis (Fig.

9). Finally, after the compact phase, a disaggregation phase follows

wherein the mature "free spermll are released in the seminal vesicle where

they are tempcrari1y stored before being transferred to the female

during mating.



Figure 8. Progressive stages of spermiogenesis. Note the

crescent-like appearance of spermatid nuclei with

elongated tails (ST). These loose, immature sperm

are found in lateral areas of the testis while

compact, mature sperm bundles (SB), with dark

staining heads are seen in the center, Feulgen , 6 ~,

x400.
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Figure 9. Compact and disaggregation phases of spermiogenesis.

Note dark staining, compact sperm bundles (SB) near

or at entrance to seminal vesicle. The seminal vesicle

(SV) is lined with thick epithelial tissues and contains

"free sperm" (FS), Feulgen, 6 lJ, x400.
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Seminal vesicle and zone of maturetlfree sperm": Th..e seminal

vesicle t which serves as the temporary storage region for mature "free

sperm"t occupies the lower portion of the testis. It is a pouch-like

structure lined with epithelial tissues (Fig. 9). lihen the male is

newly-emerged, this region is quite small but it increases in size by a

forward growth as spermatogenesis continues or as more and more mature

sperm become available for transfer. The first "free sperm" were

encountered, in the sectioned preparations, in the seminal vesicle of a

5-day-old testis. In a l2-day-old testis, the seminal vesicle occupies

about the basal fourth of the testis (Fig. 3).

Histopathological effects of radiation on spermatogenesis

The purpose of the histopathological aspect of my investigations

was to observe the visible effects produced by the two dosages of

radiation t 5 and 10 Krad t on the germ cells present in the testis at the

time of irradiation and their possible influence on spermatogenesis.

Results from this study will provide some answer to the mechanism of

sterility induced in the testis.

Treatment with 5 Krad: The first samples of irradiated testes were

taken I day after irradiation from treated adults and the first noticeable

effect observed was a decrease in gonial cells. Such decrease presumably

resulted from necrosis or death of the cells. However, a few testes from

3-day-old adults treated with 5 Krad show normal-looking gonial activity

although some gonial cells have degenerated t as shown by a number of

weakly stained cells (Fig. 10). Some div~ding cells probably in the



Figure 10. Longitudinal section of a 4-day-01d testis one day after

treatment with 5 Krad in adult stage showing some

spermatogonial cells (SG) which are darkly staining

while other cells are degenerated (DC) or lightly

staining. Note cells with "sticky chromosomes" (KC) and

a cell of the epithelial sheath (ES) containing dark

staining mass of chromatin material, Feulgen, 10 p,

x400.
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metaphase or anaphase stage can be observed but the chromosomes appear

somewhat "sticky" and bridge formation could be detected in a few cells.

In addition, a cell of the epithelial sheath showed clumping of chromatin

materials as evidenced by aggregates of dark staining materials.

Four days after irradiation, a few testes show normal spermatogonial

cells and some spermatocytes appear normal although pycnosis or clumping

of chromatin materials in a few spermatocytes is quite apparent. No

effects of radiation could be detected in the spermatids and immature

sperm bundles (Fig. 11). Moreover, some normal-looking "free sperm" are

observed in the seminal vesicle (Fig. 12) which could not be detected in

the untreated sections. Such "free sperm" possibly resulted from

unbundling of sperm from the highly compact sperm bundles after

irradiation. Whether any of these sperm are normal, damaged, or carrying

some dominant lethal genes could not be determined by microscopic

examination since they appear morphologically normal.

It seemed that there was a change in the rate of spermiogenesis of

those cells irradiated as spermatids or immature sperm. As have been

found in the untreated testes, when held at about 80°F, the first small

quantities of mature sperm were normally found in the 5-day-old testis.

I infer from my observations that the rate of spermiogenesis was

increased to some extent so that a few "free sperm" were found in a

2-day-old testis. This could have resulted as a consequence of

radiation treatment, but whether such a process induces radiation

mutations in the sperm is not known. Therefore, I felt that pairing of

such treated males with normal virgin females, and the determination of

egg hatchability, could provide some answers to these questions. Data



Figure 11. Longitudinal section of a testis showing normal

spermatids (SD) immature sperm bundles (SB) 4

days after treatment with 5 Krad in the adult

stage, Feulgen, 6 ~, x400.
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Figure 12. Spermiogenesis in a 2-day-old testis treated with

5 Krad in the pupal stage showing normal-looking

conpact sperm bundles (SB) with some free sperm (FS)

in the seminal vesicle, Feulgen, 6 ~, x400.
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on fertility tests are given under a separate topic.

Sections from both pupae and adults treated with 5 Krad and

observed 12 days after irradiation showed no signs of normal spermatogenic

activity, except for the presence of a few sperm bundles. Death of gonial

cells is apparent since a marked degeneration of cells could be observed

in the germarium. Clumps of chromatin materials in the spermatocytes and

spermatid region are evident as shown in Fig. 13. Each clump possibly

represents a group of spermatid nuclei attached to one another since the

aggregates are relatively larger as compared with one normal spermatid

nucleus. In the sperm bundle region, chromatin clumps in various shapes,

i. e., rod-shaped, V-shaped, etc., are noticeable in the transverse

section of bundled sperm heads (Fig. 14). Such bundles are presumably

formed from clumped spermatids following radiation treatment. Some

normal-looking sperm bundles can be observed in a few testes.

A highly twisted sperm bundle could be observed which may be one of

the results of radiation damage (Fig. 15). In each testis, however, the

seminal vesicle is filled with large quantities of normal-looking mature

sperm. Presumably these sperm were not morphologically affected by

radiation.

With testes examined 44 days after irradiation, no spermatogenic

activity could be observed. Most necrotic spermatogonia and

spermatocytes had disappeared and only a few clumps of chromatin materials

and a few loose sperm bundles were evident (Fig. 16).

The presence of normal spermatogenic cells and spermatocytes in the

testes from one to four days after irradiation of a 3-day-old adult may

indicate that irradiation did not destroy these cells within the first 4

days of treatment, or that there may have been some delay before
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Figure 13. Testis 12 days after 5 Krad treatment of adult stage

showing clumps of pycnotic materials (p) of spermatids

together with loose, immature sperm (IS), Feulgen, 6 ~,

x400.
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Figure 14. Transverse section of a testis 12 days after 5 Krad

treatment of the pupa showing clumped pycnotic materials

(p) in the cysts, Feulgen, 6 p, x400.



Figure 15. Testis 12 days after 5 Krad treatment of adult stage

showing highly twis ted sperm boodle (TSB) and normal-

looking mature "free sperm" (FS) in the seminal

vesicle, Feulgen, 10 ~, x400.
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Figure 16. Testis 44 days after 5 Krad treatment of 3-day-old adult

showing few clumped pycnotic nuclei (P) of spermatids and

some loose bundles of immature sperm (IS), Feulgen, 6 ~,

x400.
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radiation took effect. The spermatocytes may already have been formed at

the time of irradiation, or the spermatogonial cells at the time of

treatment divide and form new spermatocytes. On the other hand, the

presence of spermatids and sperm bundles in the treated testes may

indicate their relative resistance to irradiation, or that surviving

spermatocytes may have given rise to spermatids, or the spermatids at the

time of irradiation may have proceeded to the normal process of

spermiogenesis.

It is obvious that a dose of 5 Krad is sufficient to kill all the

gonial cells, and induce pycnosis and degeneration of nuclei of

spermatocytes and spermatids in the testes of treated pupae. However,

some spermatogenic activity is still evident in some testes treated as

3-day-old adults. It is therefore expected that those cells which

survive the treatment will give rise to sperm and complete the process of

spermatogenesis. However, by the 12th d.::" degeneration had advanced

sufficiently to prevent further spermatogenic activity, except for some

sperm bundles observed (Table 2). The complete death of spermatogonial

cells by the 12th day may indicate a failure of the testes to recover

from radiation damage so that at the 44th day no germ cells could be

identified.

It is evident, therefore, that examination of the testes when the

fly was 44 days old has a different significance than an inspection of

testes when the fly was only 12 days old. The 44-day-old fly probably

would not live to recover fertility, whereas a l2-day-old fly might do

so. Since gonial cell death was completed at 12 days after treatment of

either pupae or adults, fertility was not recovered after irradiation



TABLE 2. EFFECTS OF GAMMA RADIATION ON SPERMATOGENESIS IN THE
ORIENTAL FRUIT FLY. DACUS DORSALIS HENDEL.

A. 4 days after irradiation

Dose Stage
No. of %showing %showing %showing %showing

(Krad) treated testes normal normal normal normal sperm
examined spermatogonia spermatocytes spermatids bundles

0 25 100;00 92.00 96.00 100.00

5 Pupa 24 0.00 0.00 8.50 87.50

5 Adult 31 9.68 6.45 16.13 83.87

'10 Pupa 23 0.00 0.00 0.00 82.61

10 Adult 25 0.00 0.00 8.00 84.00

B. 12 days after irradiation

Dose Stage No. of %showing %showing %shoWing % showing

(Krad) treated testes normal normal normal normal sperm
examined spermatogonia spermatocytes spermatids bundles

0 21 90.48 100.00 85.71 95.24

5 Pupa 22 O.CO O.CO 0.00 .::l.3l

5 Adult 21 0.00 0.00 0.00 31.43

10 Pupa 23 0.00 0.00 0.00 43.48

10 Adult 24 0.00 0.00 0.00 45.83

C. 44 days after irradiation

Dose Stage No. of % shoWing %showing %showing %showing

(Krad) treated testes normal normal normal normal sperm
examined spermatogonia spermatocytes spermatids bundles

0 23 91.31 86.96 100.00 100.00

5 Pupa 24 0.00 0.00 0.00 0.00

5 Adult 26 0.00 0.00 0.00 0.00

10 Pupa 20 0.00 0.00 0.00 0.00

10 Adult 22 0.00 0.00 0.00 0.00
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with 5 Krad; although it might be expected, especially after treatment of

3-day-old adults, that the male fly may mate and transfer a supply of

sperm at least for the first 2-3 weeks of adult life. After this period,

the male may copulate but no sperm transfer will take place due to a

depletion of sperm supply from the seminal vesicle.

The results reported here, therefore, agree with those reported by

Offori (1970) on Stomoxys calcitrans and by Riemann and Thorson (1969) on

Phormia regina where they found that dosages of 5 and 5.5 Krad,

respectively, were sufficient to kill all the gonial cells of either

adults or late pupae. Furthermore, no recovery in spermatogenesis was

reported after using the said doses.

Treatment with 10 Krad: In the testes fixed 4 days after treatment,

marked radiation damage could be observed both from tes tes irradiated as

-2 d and +3 d old flies. All the germ cells occupying the germarium are

in an advanced stage of degeneration with some loose sperm bundles

scattered in this region. Some necrotic cells were believed to be

spermatogonia and young spermatocytes. The older spermatocytes and the

spermatids have evidently suffered some damage after treatment with 10

Krad for their contents appear as aggregates of chromatin materials (Fig.

17) of various shapes and sizes. Howevex, the tails are usually formed

indicating that the spermatids were able to elongate and form tails to a

certain extent subsequent to the treatment.

Twelve days after irradiation, the sperm bundle region is filled with

loose immature sperm together with a few small spheres of chromatin

materials (Fig. 18). It is possible that the cysts holding the sperm



Figure 17. Pycnotic nuclei (p) with loose sperm bundles in a

testis 4 days after treatment of adults with 10

Krad, Feulgen, 6 ~, x400.
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Figure 18. The immature sperm region in a testis 12 days after

treatment with 10 Krad showing loosened sperm bundles

(LSB) and droplets of dark staining materials,

probably nucleic acid from pycnotic nuclei (arrow),

Feulgen, 6 v, x400.
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bundles were damaged during irradiation releasing the immature sperm

befo~e they were able to reach the seminal vesicle.

The germarium in a testis at 12 days after irradiation showed four

degenerated gonial cells, all of which appear somewhat enlarged,

abnormal in appearance, and lightly staining, and show clumps of

chromatin in the periphery (Fig. 19). With the disappearance of some

degenerate cells, vacuolation within the testis and in the epithelial

lining, with an accompanied thickening of the wall especially at the

most apical region, could be observed. Thickening of the testicular

wall or sheath could have been the result of a decrease in the amount of

cells due to resorption of degenerate nuclei. Spheres of chromatin

materials from damaged spermatocytes are visible in this testis. Such

spermatocytes could have been formed from irradiated secondary

spermatogonia. However, an abnormal formation of a sperm bundle was

observed (Fig. 20). The bundle has spheres of chromatin materials

scattered around it. All the other sperm bundles, including the mature

"free sperm" in the seminal vesicle, appeared normal.

At 44 days after treatment, no spermatogenic activity could be

observed in any testes treated either as pupae or as adults. The testes

appeared very much shrunken and sections revealed the presence of a few

loose sperm bundles and clumps of pycnotic materials (Fig. 21).

Furthermore, there is a complete absence of any normal germ cells

although a few sperm could be observed in the seminal vesicle. These

observations indicate that the male has possibly expended or transferred

most mature sperm at mating and no new sperm were formed because of

death among spermatogonial cells.



Figure 19. Germarium of a testis 12 days after 10 Krad treatment

of the pupal stage. Four degenerated spermatogonial

cells (SG) are present together with clumps of pycnotic

nuclei of spermatocytes (p). Note vacuolation (V) and

thickened epithelial sheath (ES) in the apical region,

Feulgen, 6 ~, x400.
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Figure 20. Abnormal sperm formation 12 days after treatment

of pupa with 10 Krad showing clumps of pycnotic

materials (p). Note presence of normal-looking

free sperm (FS) in the seminal vesicle, Feulgen,

6 ~, x400.
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Figure 21. Testis 44 days after treatment with 10 Krad in the

pupal stage with few loose sperm bundles (LSB) and

pycnotic spermatid nuclei (p), Feulgen, 6 ~, x400.
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A dose of 10 Krad administered to either late pupae or 3-day-old

adults has more pronounced effects on spermatogenesis than those treated

with 5 Krad. The depletion of gonial cells, spermatocytes, and

spermatids is more severe and, therefore, a complete and permanent

sterility in the male could be attained. Any recovery of fertility seems

impossible since all gonial cells were killed and degenerated at 4 days

after treatment. However, a dose of 10 Krad may be so harmful as to

affect the mating efficiency of the male. Results of this nature are

reported under inseminating efficiency.

A summary of radiation damage to the different spermatogenic germ

cells is given in Table 2. The results gathered were based on examination

of stained sections from 136 testes treated as pupae, 149 testes treated

as adults, and 70 from the untreated group.

Except for 3-day-01d adults treated with 5 Krad and fixed 4 days

after irradiation, no other testes contained normal spermatogonial cells

and spermatocytes. Normal gonial activity was observed 4 days after

treatment in 9.68 per cent of adult testes examined. An observation of

such cells was discussed earlier. Normal appearing spermatids were

observed in some testes treated with 5 Krad both as pupae or as adults

and with 10 Krad as adults. This may suggest that these germ cells are

quite resistant to radiation. Furthermore, irradiation with 5 and 10

Krad did not seem to damage the sperm bundles as many normal b1.IDdles were

found intact while a few exhibited detectable damage such as loosening of

sperm from the bundle resulting in the presence of a few mature sperm in

the seminal vesicle. About 82.61 to 83.87 per cent of the treated testes

show normal sperm b1.IDdles 4 days after treatment. This may suggest a
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relative resistance to radiation among the sperm bundles.

At 12 days after treatment, gonial cell activity ceased completely

in all the treated testes in addition to degeneration of spermatocytes

and spermatids. A few normal sperm bundles were observed but they were

relatively few as compared with the untreated testes. These bundles may

have come from the spermatids which were able to proceed through the

normal process of spermiogenesis. However, at 44 days, there was a

complete disappearance of normal spermatogenic activity as shown by the

degeneration of affected gonial cells, spermatocytes, spermatids, and

sperm bundles. As a result, the testes became atrophied and contained

only fragments of degenerated cells and a few loose sperm.

Radiosensit~vity of the male germ cells: Radiation abnormalities in

the gonads do not occur if the organ has completed development. At any

time prior to completed development, the gonads are susceptible to

radiation damage. The interphase of mitosis is the stage in which

replication of genetic material, deoxyribonucleic acid (DNA), is rapidly

taking place, and many workers have reported that cells at this stage are

particularly sensitive. The sensitivity of such cells, therefore, may

depend upon the stage of development and the physiological condition of

the cells at the time of irradiation.

In my results, cell death is evident among the gonial cells. Whether

a difference in sensitivity occurs between the primary and secondary

spermatogonia is not known, however, it is believed that the effect of

radiation among both gonial cells is an abortive cell division caused by

chromosome breakage and stickiness eventually leading to death of the

cells. Most authors reported that the spermatogonia are more
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radiosensitive than any other cells in the testis. They reported that

radiation may cause a drastic spermatogonial depopulation such as in

Bombyx mori (Sado, 1963), in Locusta migratoria (White, 1935), in

Chorthippus longicornis (Creighton and Evans, 1941), in Phormia regina

(Riemann and Thorson, 1968), and in Stomoxys calcitrans (Offori, 1970).

They also observed that the primary spermatocytes showed little damage

and that secondary spermatocytes divide to form spermatids so rapidly

after division of primary spermatocytes that it is difficult to

determine the changes brought about by radiation. Probably, such is the

case in my findings of some spermatids in the testes after treatment with

5 Krad (Table 2). Also, whereas the spermatogonia may be readily killed

by radiation, the spermatocytes may be slow in completing meiosis or they

may give rise to some abnormal spermatids.

My results show that the spermatocytes, both primary and secondary,

become pycnotic and form clumps of Feulgen-positive chromatin materials.

This possibly results from some stickiness of the chromatin materials

eventually resulting in the degeneration of the whole cell. The presence

of such clumps was noticeable even at 44 days after treatment indicating

that it takes some time before the clumps of chromatin materials can be

resorbed by the testes. When Riemann (1967) irradiated pupae of the

screwworm, Cochliomyia hominivorax, he found that while primary

spermatocytes were killed at 100 rad, the secondary spermatogonia

required 5 times that dose for total destruction. Kogure and Nakajima

(1958) also agreed that in Bombyx mori radiation sensitivity of

spermatogonia was much less than that of prophase spermatocytes. Sado

(1963) disagreed, explaining that the youngest spermatocytes are not
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easily distinguishable (this I also found in my sections) from oldest

spermatogonia and that these workers were ndstaken in identifying them.

With Dacus dorsalis, the spermatids and immature sperm bundles

offered some degree of resistance to radiation as compared with

spermatogonia and spermatocytes when treated with 5 Krad. These cells

appeared to be resistant to cell death and less liable to structural

damage probably because they no longer undergo cell division. However,

the induction of dominant lethal mutations in the genes of such cells is

not remote. Spermatids are considered to be more sensitive to causes of

dominant lethality than spermatozoa (Chandley and Bateman, 1960; Tazima,

1960), but Whiting (1961) induced dominant 1etha1s in fully differentiated

spermatozoa of Drosophila and Habrobracon.

In Dacus dorsalis, 5 Krad induced about 99.5% dominant lethality

in 8-day-01d pupae and about 91.9 to 96.7% 1atha1ity in 3-day-01d adults.

The testes in the 8-day-01d pupae presumably contained spermatids while

the 3-day-01d adults contained immature sperm bundles at the time of

irradiation.

Aside from cell death in the gonia1 cells and pycnosis in the

spermatocytes and spermatids, unbundling of sperm or loosening of sperm

bundles was also observed as a possible consequence of irradiation. In

addition, the sheath of the testis became thickened and enlarged. This

could have resulted from resorption of some degenerate nuclei and cells

or due to some effect of radiation on the chromatin materials of the

sheath. Vacuolation in the cysts and in the testicular wall are probably

related to injury on the germ cells.

Since radiation causes cell death and pycnosis leading to
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degeneration, especially when radiation is sudQ that recovery is not

possible to compensate for this, the testes may become a deficient organ

especially in those regions where the radiosensitive cells have been

killed. This seems to be the most plausible explanation for a general

atrophied condition observed in the testes as a possible effect of

exposure of the gonad to ionizing radiation. Hence, when a cell is

damaged it may be quickly eliminated by the testes, either sloughed off

or resorbed.

Normal growth of ovary

Measurements of the ovaries in normal feme.les at various ages are

summarized in Table 3. Newly-emerged females possess immature ovaries

with length varying from 0.30 to 0.40 nun and width of 0.25 to 0.40 rom.

The length and width of the ovary more than doubled between the newly­

emerged and 4-day-old females and increased about six-fold by the twelfth

day of adult life. However, growth still continued both in length and

width but somewhat slowly until the ovaries attained a maximum mean

length of 2.41 nun at 28 days of age and a maximum mean width of 1. 88 mm

at 16 days of age.

At sexual maturity, or at 8 days of age when the first batch of eggs

was laid, the size of the ovary increased approximately 58-fold from the

time of emergence, whereas at the 20th day of life, the size of the

ovaries increased by about 75-fold. Oogenesis, therefore, is marked by

the synchronous growth of the 46-58 ovarioles comprising each ovary.



TABLE 3. GROWTH OF THE OVARIES IN UNTREATED ORIENTAL
FRUIT FLIES, DACUS DORSALIS HENDEL.

Age of Measurement of ovary in mma
adult Length Width

(days + 2 hrs) Range Mean Range Mean...._........._-,,,_.•._-
0 0.30 - 0.40 0.35 + 0.01 0.25 - 0.40 0.31 + 0.01

4 0.50 - 1.05 0.82 + 0.05 0.70 - 1.00 0.86 + 0.03

8 1.40 - 2.40 1.98 + 0.09 1.35 - 1.80 1. 65 + 0.05

12 1. 80 - 2.60 2.11 + 0.10 1. 25 - 2.15 1. 72 + 0.09

16 2.00 - 2.50 2.32 + 0.05 1. 60 - 2.15 1. 88 + 0.05

20 2.05 - 2.65 2.38 + 0.06 1.55 - 2.15 1. 82 + 0.05

24 1.90 - 2.50 2.24 + 0.06 1. 25 - 1. 75 1.62 + 0.05

28 1. 70 - 2.65 2.41 + 0.09 1. 20 - 2.15 1.68 + 0.07

32 1.45 - 2.35 2.03 + 0.11 1.05-1.75 1.50 + 0.07

36 1. 60 - 2.50 2.08 + 0.08 1.10 - 1. 75 1.46 + 0.07

40 1. 55 - 2.50 2.14 + 0.08 1.10 - 1.80 1.51 + 0.06

44 1.55 - 2.55 2.13 + 0.09 1.05 - 1. 75 1.50 + 0.07

48 1. 50 - 2.75 2.17 + 0.13 1.15 - 2.50 1.57 + 0.14

~e mean number was determined from 10 females + the standard error.
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Effect of radiation on ovarian growth

A graph showing a comparison of the length and width of the ovary

taken from adults treated during the pupal and adult stages is shown in

Figs. 22 and 23. Such measurements of the ovary may be a reflection of

the dose received, but also may be due to individual differences. The

control shows a characteristic sigmoid-shaped growth curve with the

length tending to level off at 20 days ~yhile the maximum width was

attained at 16 days of age. On the other hand, both the length and width

of ovaries from pupae and adults treated with 5 and 10 Krad were

significantly smaller. The maximum mean length attained by the ovary when

treated with 5 Krad as a 3-day-old adult was 0.65 rom at 12 days of age,

while the maximum mean width attained was 0.53 rom at the 16th day from

pupae treated with 5 Krad. Beyond these ages the ovary remained

atrophied and no recovery in ovarian development was attained even until

the 44th day of life.

The apparent decrease in size measurements of the ovary after

radiation treatment might be a reflection of thoe damage inflicted on the

ovarian contents leading to infecundity or nonproduction of eggs. Such

damage may be explained by histological studies on the relative

sensitivities of different germ cells at two stages of development. In

all cases, the general appearance of the reproductive system, except for

the atrophied condition of ovary, was normal when observed at 30x

magnification.

Histological aspects of normal oogenesis

The ovary of Dacus dorsalis consists of about 46-58 ovarioles, or
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Figure 22. Effect of gamma radiation on lengt~ of ovary when

treated as 8-day-old pupa (p) and as 3-day-old

adult (a). EaCh observation represents the mean

length of ovaries from ten females.
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Figure 23. Effect of gamma radiation on width of ovary when

treated as 8-day-old pupa (p) and as 3-day-old

adul t (a). Each observation represents the mean

width of ovaries from ten females.
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egg tubes, each of which is enclosed in a thin, delicate epithelial

sheath. The development of the oocyte is believed to be synchronous in

all ovario1es which in Dacus is of a polytrophic type; i.e., the oocyte

and accompanying nurse cells are present in the same egg chamber

(Snodgrass, 1935). The oocytes mature at the expense of the nurse cells

which supply the necessary food for their growth.

Oogenesis takes place in the female considerably later than

spermatogenesis in the male. The ovaries of newly-emerged flies are

relatively small and are abundantly supplied by tracheae. Such ovaries

are not yet mature and contain no eggs while testes in a newly-emerged

male fly contain almost all the stages of spermatogenesis except the

mature "free sperm". Normal egg development in an ovario1e is presented

in Fig. 26 and some histological observations revealed the following:

1-day-01d: The ovary is small and immature with each ovario1e

representing a germarium which is filled with cells (Fig. 24A). Some of

these cells are presumably oogonia, the stem cells of the ovary. Through

successive divisions, the oogonium gives rise to a nest of cells

consisting of nurse cells and oocyte which adhere together and become

interconnected by fine strands.

Examination of these cells under the oil immersion objective shows

some occasional mitotic activity in the middle portion of the germarium.

In some ovario1es, the nuclei of the cells in the posterior portion of the

germarium have enlarged slightly and the chromatin material has become

slightly more diffuse.

2-day-01d: The ovario1e is still represented by a single germarium.

In some ovario1es a faint line of separation is seen beb~een the anterior
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Figure 24. Normal oogenesis in the ovariole of Dacus dorsalis;

drawings prepared from squash and sectioned

preparations. A, from l-day-old adult, each ovariole

represented by a germarium containing oogonial cells.

B, from 2-day-old adult showing the beginning of the

first egg chamber. C, from 3-day-old adult, with the

first chamber enlarged and containing nurse cells

with deeply staining nuclear materials. D, from 4-day­

old adult, with enlarged nurse cells in the first

chaIDber. E, from 6-day-old adult, with an enlarged

oocyte and the presence of 3 egg chambers. F, from

8-day-old adult, with fully-formed mature ovum and

another 4 egg chambers. e.c., egg chamber (1-5);

f.c., follicle cell; g, germarium; m.o., maturing ovum;

n.c., nurse cell; oo,oocyte; o.c., oogonial cell;

t.f., terminal filament.
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and posterior portion of the germarium (Fig. 24B); this is the first

indication of the first egg chamber being formed.

3-day-01d: The first egg chamber has formed and enlarged in the

posterior portion of each ovario1e and a smaller second cyst that is

destined to become the second egg chamber is seen occasionally in some

ovario1es. The first chamber contains nurse cells and an oocyte but they

are difficult to differentiate from each other since they appear of

similar size and nuclear morphology; i.e., the nuclei contain diffuse

chromatin materials. However, in most ovario1es, the nurse cells are

enlarged and the chromosomes in the nuclei are thiCkened and stained

deeply by the Feu1gen procedure. The nurse cells are probably undergoing

the process of endomitosis (Lorz, 1947). Such a process was described in

detail for Drosophila by Painter and Reindorp (1939). This process

involves the replication of chromosomal material resulting in the

formation of polyploid chromosomes as reported in ovarian nurse cells of

some Diptera. An ovary from a 3-day-01d female is shown in Fig. 25.

4-day-01d: The ovariole is represented by two egg chambers with a

faint line in the germarium indicating the beginning of the 3rd egg

chamber (Fig. 24D). The small oocyte occupies the most posterior

portion of the chamber and is filled with lightly staining material. The

oocyte nucleus represents approximately 1/4 the diameter of the nearest

nurse cell which has enlarged to its greatest size (Fig. 26). At this

stage, the endo~totic process is probably occurring in the nurse cells

which are filled with loosely associated Feulgen-positive chromatin

materials. In Drosophila, the most posterior nurse cells are believed to

undergo one more duplication than the more anterior nurse cells (Jacob



Figure 25. Whole mount of a pair of ovaries from a

3-day-old adult, Feulgen, xlOO.
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Figure 26. Longitudinal section of an egg chamber from a 4-day-old

female showing an oocyte nucleus (00), representing

about 1/4 the diameter of the nearest nurse cell (NC).

Note 2 cell-layer of columnar follicle cells (FC)

surrounding the oocyte, Feulgen, 6 ~, x800.
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and Sirlin, 1959). This is also probably occurring in D. dorsalis where

the most posterior nurse cell, whiCh is also distinctly larger (Fig. 26),

was assumed to undergo more replication of chromosomal material than do

the anterior nurse cell nuclei.

The follicle cells surrounding the oocyte form 2 layers of cells

which themselves undergo mitotic divisions and growth so that they can

cover the expanding surface of the oocyte by an increase in number and

change in shape.

6-day-old: The ovariole contains 3 egg chambers with the germarium

in the most anterior region (Fig. 24E). The endomitotic process is

probably completed at this stage in the first egg chamber where all the

nurse cells are filled with loosely associated Feulgen-positive chromatin

threads. The oocyte has increased in size and become filled wi th yolk

materials through the process known as vitellogenesis. The nurse cells

are still large and a count of these cells by examination of serial

sections shows the presence of 15 nurse cells which are believed to be the

source of yolk materials in the ooplasm of the growing oocyte. Such

material enables the rapid development of the oocyte.

Some serial sections of 6-day-old ovarioles show a group of 6 to 8 small

spherical cells which are present at the border between the nurse cells

and the oocyte (Fig. 27). King, et ale (1956b) called these cells

"border cells", which, according to those authors prevent the blocking

of transfer of yolk materials from the nurses to the oocyte by the laying

down of the chorion. The appearance of these cells was observed in

stage 9 of oogenesis i~ Drosophila, at which the oocyte makes up about

1/3 of the cyst volume.



Figure 27. Border cells (BC) present between the nurse

cell (NC) and oocyte region (00), Feulgen,6 ~, x800.
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8-day-old: The ovaries in an 8-day-old female are considerably

large and predominantly contain maturing ova in the first egg chamber

(Fig. 24F). In some ovarioles, the nurse cells are pushed towards the

anterior end of the chamber before they disintegrate and get resorbed

by the follicular epithelium (Fig. 28). However, in other ovarioles the

follicle does not contain nurse cells but appears elongated in the

anterior portion which presumably forms the micropyle of the egg. The

yolk occupies the whole egg and the chorion is already laid down at this

stage (Fig. 29). The appearance of rather large vacuoles and yolk

granules in the ooplasm of the oocyte is a sign that the egg has become

more mature than the last stage described. Such structures are so

numerous as to give the ooplasm a spongy appearance.

The follicle cells, which according to several authors secrete the

chorion and other protective layers of the matured egg (Hsu, 1952; King,

et al., 1956b), appear flattened around the developing egg in the first

chamber while in the second chamber they are columnar in shape. This

flattened appearance of the follicle cells may indicate that they are at

a stage of degeneration. Upon secreting the chorion the follicle cells

leave an opening, the micropyle, to facilitate the entry of sperm into

the egg.

Histopathological effects of radiation on oogenesis

Treatment with 5 Krad: Irradiation of both pupae (-2 d) and adults

(+3 d) with 5 Krad produced an atrophied ovary with degenerated cells.

At 4 days after treatment, the germaria are present in some cases but in

the majority of the sections examined their shapes as well as the



Figure 28. Disintegrating nurse cells (DNC) in the first egg

Chamber (ECl ) of an 8-day-old ovariole. Note the

presence of the second egg chamber (EC2), Feulgen,

whole mount, x400.

77



Figure 29. Section of an 8-day-old ovariole with chorion (CO)

already laid down in the first chamber. The follicle

cells (FC) are squamous around the maturing oocyte

but columnar in the second chamber which contains

large nurse cell (NC). Note the presence of yolk

bodies (Y) in the ooplasm of the oocyte, Feulgen,

6 ~, x800.
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arrangement of the cells are abnormal. A few normal-looking cells are

present but the other cells are necrotic (Fig. 30). In other sections,

the germarium contains degenerated cells and undifferentiated masses of

tissues with empty-looking or vacuolated follicle cells (Fig. 31). The

presence of the first and second egg chambers are evident in those

ovaries treated in the adult stage but the development of the second

chanilier is very much retarded in females irradiated as pupae. These were

observed in both sectioned materials (Table 4) and in squash preparations.

Among the 46 first egg chambers of ovarioles treated with 5 Krad at

the pupal stage, 5 ovarioles, the nurse cells appeared pycnotic with

clumps of chromatin materials. No developing egg was observed in those

ovarioles. Of the 48 ovarioles treated as adults, however, 3 developing

eggs were observed in the first chambers. All of these contained

normal-looking nurse cells, while in the second chamber only one ovariole

contained normal nurse cells. In one section, a follicle containing an

abnormal cell which mayor may not be an oocyte with Feulgen-positive

materials could be observed (Fig. 32). This material could have been

derived from the nurse cells although this is not certain since nurse

cells are not present, but vacuolation around the nurse cell region is

evident. In addition, a Feulgen-positive material is shown together with

the abnormal cell. In other chambers, some cells are present but they

contain Feulgen-negative materials. The follicle cells are few and other

cells are vacuolated.

The effects produced by a dose of 5 Krad in the ovary at 12 days

after irradiation are not very much different from those described at 4

days after treatment, especially in the sectioned materials. Pycnotic



Figure 30. Germarium of an ovariole at 4 days after irradiation

with 5 Krad of the adult stage, showing some enlarged

oogonial cells (OC) while other cells appear necrotic

(N), Feulgen, 6 ~, x400.
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Figure 31. Germaria containing disintegrated cells (PC} and some

abnormal mass of materials. Note presence of pycnotic

mass (p) of nuclear materials in one chamber and the

vacuolation in follicle cells (FC), Feulgen, 6 ~,

x400.
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TABLE 4•. EFFECTS OF GAMMA RADIATION ON OOGENESIS IN THE ORIENTAL FRUIT FLY,~ DORSALIS HENDEL.

A. 4 days after irradiation

First Egg Chamber Second Egg Chamber Third Egg Chamber Germarium
Dose Stage No. of Mature Egg Nurse Nurse Nurse Nurse Nurse Nurse Distinct 1n-

(Krad) treated ovarioles egg developing cell cell cell cell cell cell and distinct
examined present (normal) (abnormal) (normal) (abnormal) (normal) (abnormal) normal

0 50 0 0 49 0 22 0 0 0 50 0
5 Pupa 46 0 0 5 41 undeveloped undeveloped 0 46
5 Adult 48 0 3 3 45 1 47 undeveloped 0 48

10 Pupa 45 0 0 0 45 undeveloped undeveloped 0 45
10 Adult 48 0 0 0 48 0 48 undeveloped 0 48

B. 12 days aftar irradiation

First Egg Chamber Second Egg Chamber Third Egg Chamber Germarium
Dose Stage No. of Mature Egg Nurse Nurse Nurse Nurse Nurse Nurse Distinct 1n-

(Krad) treated ovarioles egg developing cell cell cell cell cell cell and distinct
examined present (normal) (abnormal) (normal) (abnormal) (normal) (abnormal) normal

0 50 47 3 3 0 45 0 39 0 50 0
5 Pupa 45 1 0 0 44 undeveloped undeveloped 0 45
5 Adult 46 2 1 1 43 1 45 undeveloped 0 46

10 Pupa 46 0 0 0 46 undeveloped undeveloped 0 46
10 Adult 46 0 0 0 46 0 48 undeveloped 0 46

C. 44 days after irradiation

First Egg Chamber Second Egg Chamber Third Egg Chambel Germarium
Dose Stage No. of Mature Egg Nurse Nurse Nurse Nurse Nurse Nurse Distinct 1n-

(Krad) treated ovarioles egg developing cell cell cell cell cell cell and distinct
examined present (normal) (abnormal) (normal) (abnormal) (normal) (abnormal) normal

0 46 44 2 2 0 43 0 40 0 46 0
5 Pupa 45 0 0 0 45 undeveloped undeveloped 0 45
5 Adult 46 0 0 0 46 0 degenerated undeveloped 0 46

10 Pupa 45 0 0 0 45 undeveloped undeveloped 0 45
10 Adult 46 0 0 0 46 0 degenerated undeveloped 0 46

00

'"
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Figure 32. Pycnotic oocyte (p) 4 days after treatment with 5 Krad

of the adult stage. Note a Feulgen7positive material

(F) not associated with a nucleus; another chamber

contains degenerated cells (DC), Fuelgen, 6 p, x800.
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nurse cells could be observed in the firs t chambers of some of the

ovarioles from those irradiated with 5 Krad in the adult stage (Fig. 33)

while from those treated with 5 Krad during the pupal stage, the germaria

contained mostly degenerated or disintegrated gonial cells (Fig. 34).

However, in the squash preparations, a few mature eggs were observed in

the first chamber. This could offer an explanation for the eggs observed

in those females treated with 5 Krad during studies of fecundity.

At 44 days after treatment, 5 Krad produced deformities in the shape

of the follicles, and some ovarioles were so badly damaged that they were

easily torn apart during the slide preparation. This was especially true

of ovaries that were irradiated at the pupal stage. In all cases, the

second chambers were not developed, whereas among the irradiated adults

the chambers were abnormal in shape and the cells within completely

degenerated. It was impossible to distinguish the third chamber as such

since it had become atrophied.

Treatment with 10 Krad: The injuries observed in the ovarioles of

flies treated with a dose of 10 Krad are considerably similar to those

observed in the 5 Krad-treatment. However, in the ovaries irradiated

with 10 Krad, none of the 93 ovarioles examined at 4 days after treatment

contain a fully mature egg in the first chamber (Table 4).

The follicles from treated adults contain some pycnotic cells which

are presumed to be nurse cells. A few follicle cells could be observed

in a few chambers. These cells are large and have slightly stained

nuclei but are surrounded by vacuoles. In other ovarioles, the follicle

cells have completely degenerated (Fig. 35). An abnormal situation is

shown in Fig. 36 where the follicle cells are enlarged, vacuolated and



Figure 33. An ovariole from a 12-day-old female treated with

5 Krad in the adult stage showing pycnotic (P) nurse

cells in the first chamber (ECI ) and normal looking

nurse cells in the second chamber (EC2), Feulgen,

6 l.l, x400.
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Figure 34. Germaria from a 12-day-old female treated with

5 Krad in the pupal stage. Note the degenerated

gonial cells (DC), vacuolation (V), and an

abnormally-enlarged follicle cell (FC) , containing

Feulgen-positive material, Feulgen, 6 ~, x400.
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Figure 35. Egg chambers 4 days after treatment with 10 Krad in

the adult stage; the chambers are deformed and contain

pycnotic (p) materials and degenerated cells (DC),

while the follicle cells are few and vacuolated (V),

Feulgen, 6 ~, x800.
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Figure 36. Vacuolated (V) follicle cells 4 days after treatment

with 10 Krad of the pupal stage. Note the presence of

clumps of intensely-staining, pycnotic (p) masses of

chromatin material; other chambers contain degenerated

cells (DC), Feulgen, 6 ~, x400.
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have clumps of intensely-staining materials which are congregated to form

a cap over the cell. In other follicle cells localizations of heavy

concentrations of Feu1gen-positive materials can be observed. Such

materials could have ~.,ithdrawn and shnmk away from the cytoplasm or

ground substance of the cells. On the other hand, a group of pycnotic

chromatin materials, probably those of the nurse cells, can be seen in a

few chambers while others contain degenerating cells. Such conditions

serve as an indication that further development has been completely

stopped.

As with the 5 Krad treatment, not much difference was found in those

s~~tions examined at 4 and 12 days after treatment but at 44 days the

ovaries are completely atrophied and do not show any sign of development.

In both cases, treatments with 5 and 10 Krad induced necrosis in

the oogonial cells so that differentiation of these cells to oocytes and

nurse cells was inhibited. The germaria, in all ovario1es, remain

indistinct and contain necrotic cells.

Radiosensitivity of the female germ cells

Using the same dose and age level, the female was found to be more

sensitive to radiation damage than the male. This is clearly shown in

the reduction of ovarian growth and the nonproduction of eggs or

infecundity in females. Irradiation of both pupae and adults with 5 and

10 Krad inhibi ted ovarian growth by killing oogonial cells. The high

radiosensitivity of oogonia may correspond to those of the spermatogonia.

Both types undergo rapid cell division producing cells which are destined

to enter meiosis after being formed. Such sensitivity may be related to
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high rate of activity like DNA synthesis occurring between cell divisions.

In the adults (3 days aiter emergence) a high radiosensitivity of

the nurse cells may be associated with the high rate of endomitotic

activity, thereby producing a high rate of DNA synthesis which is

sensitive to radiation. Such endomitotic activity may be characterized

by the presence of polyploid chromosomes. The nuclei of the nurse cells

as a consequence will increase in size and contain long diffuse

chromosomes accompanied by the rapid increase in cell growth as observed

in the nurse cells before yolk deposition. Such increase in the nuclear

size may influence the radiosensitivity of the cell. Thus, a situation

is produced wherein the larger the nucleus, the higher the sensitivity to

radiation damage.

It has been shown that egg formation can be hindered by damage to the

nurse cells before they become fully differentiated. LaChance and Bruns

(1963), King and Sang (1959), and King (1960) have presented some evidence

for the participation of nurse cell nuclei in vitellogenesis or yolk

deposition. The presence of a highly polyploid condition in the nurse

cells during endomitosis could have produced cells which are more

sensitive to radiation. The results of the present study appear to agree

with the conclusions of LaChance and Leverich (1962) for Cochliomyia

hominivorax, and Grosch and Sullivan (1954) for Habrobracon, that nurse

cells are more sensitive when they are polyploid. Furthermore,

irradiation in Cochliomyia after endomitosis was completed did not produce

any effect on the growth of the ovaries at doses of up to 8 Krad.

Studies show that the radiosensitivity of the oocyte nucleus depends

upon the stage of meiotic division and the chromosomal changes involved
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in this process. LaChance and Leverich (1962) concluded that an oocyte

nucleus in the metaphase stage of the first meiotic division, when

chromosomes are highly contracted, is the most sensitive stage, and

anaphase slightly less so; prophase is very resistant to radiation. In

the latter stage, the chromosomes are in a diffuse state. Further

studies on irradiation of female Dacus dorsalis after the third day of

adult life is, therefore, necessary to verify such conclusions. In this

study the adults were irradiated only at one age; thus, a comparison of

relative sensitivities at different chromosomal stages of the nucleus was

not feasible.

Deformities in the shapes of the developing follicles, pycnosis in

the nurse cell nuclei, vacuolation in the chambers and in the follicle

cells, resulted as a possible effect of radiation. Such situations are,

in general, similar to those observed for the screwworm fly, f.

hominivorax, treated with gamma radiation (LaChance and Brwls, 1963), and

in the stable fly, Stomoxys calcitrans (Offori, 1970), and in the house

fly, Musca domestica, treated with a chemosterilant (Morgan, 1967).

Similarities in response to radiation between females treated as

8-day-old pupae or as 3-day-old adults suggest an almost equal

sensitivity at the 2 stages since the ovaries became atrophied from both

treatments. Although 5 Krad did not completely arrest the production of

some eggs in the first follicle, the development of egg, hCMever, was

greatly retarded to the extent that the cells became completely

degenerated and no recovery in oogenesis was attained.
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Comparis on of the insemirtating capad ty of irradi.ated .and

nonirradiated males

In these preliminary studies, male D. dorsalis would copulate with

1 or 2 females eaCh night, although in most cases with only one female.

The earliest time observed for the beginning of copulation was at 4:38

PM. The length of copulation varied from 23 min to 10 hours and 34 min,

the duration being probably dependent upon the age, the physiological

state, and behavior of both males and females.

The overall mean effect of radiation on the inseminating capacity of

the male mated with untreated females was evaluated (Table 5). The data

represent a total of 40 irradiated males and 520 females used in the

treated experiments with 20 males and 260 females in the control. It

could be observed that the sperm complement in the mated females was

moderate to abundant in most spermathecae, at least in the first 15 days

of adult life. However, there was a marked reduction in sperm content

from those testes treated with 10 Krad as pupae (-2 day-old) (mean of

1.6) as compared with the lIDtreated control.

In the con trol and in the 10-Krad-p upae group, the amount of sperm

transferred was significantly lower at 8 days of age. This may indicate

that the 8-day-old male has few sperm available for transfer (mean of

1.5). However, as spermatogenesis continues, the amount of sperm in the

seminal vesicle increased and more sperm became available for transfer

during mating until the supply became almost exhausted at 44 days of age

in the untreated controls. This may also indicate that a progressive

elimination of sperm from the testes was occurring, probably as a

consequence of copulation. Hence, the presence of sperm in the



TABLE 5. OVERALL MEAN EFFECT OF Gh~ RADIATION ON THE INSEMINATING CAPACITY OF THE MALE

ORIENTAL FRUIT FLY, DACUS DORSALIS HENDELa

Subjective ratings of sperm found in the spermatheca of mated females from different ages of males in daysb

Stage Dose 8 10 13 15 18 21 24 27 30 33 36 39 44treated (Krad)

Pupa 0 1.5b 2.7 a 2.7 a 2.8 a 2.8 a 2.4 a 2.4 a 2.1 a 2.3 a 2.5 a 2.3 a 2.1 a 1.6b

5 1.9 a 2.5 a 2.7 a 2.7 a 2.5 a 1.9 a 2.2 a LIb 1.2b LOb l.Ob 0.1 b 0.1 b

10 l.5b 2.7 a 2.8 a 1.6b 2.1 a 1.5b 0.9 b 0.6 b 0.8 b 0.4 b 0.3 b 0.2 b 0.3 b

Adult 0 1.8 a 2.8 a 2.8 a 2.7 a 2.5 a 2.7 a 2.3 a 2.1 a 2.5 a 2.3 a 1.7 a 1.7 a 1.5b

5 1.9 a 2.7 a 2.8 a 2.3 a 2.2 a 2.5 a 2.0 a 2.0 a 1.9 a 1.6b 1.2b LOb 0.9 b

10 1.9 a 2.5 a 2.2 a 2.7 II 1.8 a 2.0 a 1.4b 1.5b LIb LOb 0.7 b 0.6 b 0.7 b

~eans followed by the same letter are not significantly different from each other at 5% level (Duncan's multiple range test).
Means represent observations of spermathecae from 10 females.

bSubjective ratings of sperm found in the spermathecae: 0 ~ none, 1 ~ trace, 2 - few, 3 - abundant.

\0
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spermathecae (Fig. 37) of the female serves as a criterion for the

occurrence of successful mating.

On the other hand, radiation affected the capacity of the male to

transfer large amounts of sperm relative to the untreated males based on

the trace amounts of sperm observed in the spermathecae of the female.

For males treated with 5 Krad as pupae, significant reduction in the

sperm transferred was observed at 27 days (1.1), and at 33 days (1.6) for

those treated as adults. Whereas, 10 Krad administered to pupae reduced

the amount of available sperm as early as 15 days after emergence and at

24 days for those treated as 3-day-old adults.

It was also observed that the stage of development at the time of

treatment had an influence on the capacity of the male to inseminate and

transfer sperm to the female. Using the same dose, for example 5 Krad,

the adults from irradiated pupae had a tendency to lose sperm faster than

those treated as adults. For adults irradiated as pupae, a significant

decrease in the sperm transferred was noticed at 27 days, whereas for the

adult stage, it was observed at 33 days of age.

The results of my investigations indicate that the decrease in sperm

transfer by irradiated males is possibly due to the death of the gonial

cells that was observed in sectioned materials. Irradiation caused

aspermia in the adult male such that the amount of sperm transferred was

reduced or almost exhausted in about 2 to 4 weeks of adult life. The

stage of the fly at the time of treatment had an effect on the amount and

the length of time that sperm would be available for transfer. In D.

dorsalis, males treated in the adult stage, when the testes contained a

large amount of sperm bundles at the time of treatment, had a tendency to



Figure 37. Section through spermatheca of an 8-day-old

female showing the lobes and the presence of

a few sperm (SP) , Feulgen, 10 ~, x400.

95



96

transfer more sperm for a longer time than those treated during the

pupal stage. This is in agreement with the report of Ohinata, et al.

(1971) on Mediterranean fruit fly, ~.capitata, who observed that the age

at the time of treatment was correlated with the amount of sperm present

at the time of treatment. Probably, the younger the male at the time of

treatment, in this case during the pupal stage, the greater the

sensitivity of the germ cells to radiation effect; and the greater the

possibility for the male to lose the injured germ cells after a few

matings and for permanent sterility to occur. As the histological

preparations exhibited no normal spermatogenic activity after 12 days,

aspermia and sperm inactivation may have resulted among the treated

testes.

Sperm inactivation and aspermia are two of three ways of inducing

sterility in insects. The third way is through the induction of dominant

lethal mutations. Generally, however, it is difficult to determine

whether a treated male transmits sperm with dominant lethal genes,

inactivated sperm, or no sperm at all. All of these possibilities are

usually expressed as nonhatching eggs and usually studies on egg

hatchability serve as indications of cytogenetic injury or some dominant

lethal effect. Results on egg hatching are reported under fertility

studies.

Investigating the possibility of sperm inactivation in treated males,

the motility of the sperm, in addition to the sperm count, was also

observed. From the squash preparations of spermathecae, no differences

were observed either in the general appearance or in the activity of

irradiated and nonirradiated sperm. The treated sperm could be seen
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moving actively in saline solution and they appeared like a mass of

tangled threads comparable to those of the control sperm. In fresh

preparations I did not encounter any dead or nonmoving sperm. Although

attempts were made to distinguish the head from the tail with the use of

aceto-orcein in squash preparations, very little success was obtained.

A faint reddish stain was observed in one end of the sperm so that it

was assumed that the head may have the same diameter as the tail as seen

under 1000x magnification.

From the above observations on sperm motility from treated testes,

a case of aspermia seemed a logical explanation of sterility in the

treated males a few days after emergence. Aspermia is the condition that

occurs when mature sperm are not produced or the supply becomes exhausted

and the continued production of sperm is inhibited. The killing of the

gonia1 cells, the clumping of chromatin materials of the spermatocytes

and spermatids, and the possible damage to the sperm bundles may have

resulted in aspermia a few days or weeks after treatment.

In a species like Dacus dorsalis where the female may accept many

males, mating with irradiated males which contribute immoti1e sperm or

no sperm at all may be quite ineffective for a sterile fly release

program, although Riemann (1967) reported that such an arrangement would

be successful for monogamous species like screwworm, f. hominivorax.

This aspect of the problem needs further study. Even though there was a

mating and supposed sperm transfer between pairs, it might be possible

that no actual sperm transfer took place because radiation may have

affected the mating vigor of the treated males. The effect of radiation

on this aspect is discussed under mating competitiveness.
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COmpetitiveness of irradiated 'and nonirradiated male fruit flies

When a certain developmental stage is irradiated, the degree of

sterility may increase while competitiveness may decrease as the dose is

increased. In addition, both sterility and competitiveness of the

irradiated flies may depend on the stage of the life cycle of the insect

when irradiation was carried out. Thus, pupae and adults may respond

differently as well as other stages of development. For this reason, this

experiment was performed to find the dose which will give the best

compromise between a high sterility but low competitiveness.

At the USDA Fruit Fly Laboratory, the Oriental fruit flies are

normally sterilized with 10 Krad during the pupal stage about 2 days before

emergence and subsequently released in the fields in a large scale program

of control (Steiner, et al., 1970). However, a substeri1izing dose of

5 Krad was tried and compared with the sterilizing dose to test the

competitiveness and sterility of adults at these dosage levels.

It was assumed that irradiated and nonirradiated males, when confined

wi th a single female, had equal chances of mating. This was determined

by pairing a certain ratio of irradiated to nonirradiated males with a

virgin, sexually-mature female to find out the success of mating by

recording fertility of eggs laid by the female. For this experiment,

only one ratio, 3:1, of irradiated to nonirradiated males was used and the

expected fertilities were calculated for sterile to normal ratio of 0:4

and 3:1 as 100 and 25 per cent, respectively. The chi-square analysis of

the observed fertilities is shown in Table 6.

The results in this experiment show that the following ratios and

treatments were not significantly different: 0:4, 3 (5 Krad -2 d):l,



TABLE 6. EFFECT OF AGE AT THE TIME OF IRRADIATION OF THE COMPETITIVENESS OF
IRRADIATED AND NONIRRADIATED MALE ORIENTAL FRUIT FLIES.

Ratioa Total No. b Calculatedc Probability
<1

SignificanceDose Age Egg Fertility
IM:UM:UF (Krad) (days) of eggs Observed Expected

x2laid

0 : 4 : 1 1003 90.93 100.00 0.91 0.50 n.s.
3 : 1 : 1 5 - 2 861 24.08 25.00 0.08 0.90 n.s.
3 : 1 : 1 10 - 2 962 45.26 25.00 15.62 0.005 H.S.
3 : 1 : 1 5 + 3 883 34.49 25.00 2.57 0.25 n.s.
3 : 1 : 1 10 + 3 941 17.51 25.00 2.55 0.25 n.s.

~ach ratio represents an average of 6 replications, small cage tests.

bExpected fertility was obtained on the basis of 100% eggs hatching for nonirradiated males and 0.00% for
irradiated males, i.e., 3: 1: 1 = 1/4 x 100 = 25.00.

CX2 = [(observed fertility - expected fertility) - 0.5)]
d 2 EXPECTED FERTILITY
Calculated X between the 0.025 and 0.975 probability are considered not significant.

I M = irradiated male.
U M = unirradiated male.
U F = unirradiated female.
n.s.= not significant.
H.S.= highly significant (at 1% level).

\0
\0
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3 (5 Krad +3 d):l, and 3 (10 Krad +3 d):l. This suggests that the

observed fertilities followed the expected fertilities and, therefore,

denotes an equal contribution of sterile and normal males in fertility or

an equal chance for both of them to mate and transfer sperm to the female.

With a 3:1 ratio of sterile to normal males from the 10 Krad -2 d

group, the evidence for the difference between the expected and observed

values was highly significant (P<.005) indicating that there was a

difference in contribution of sperm between sterile and normal male.

The normal male was able to transfer more fertile sperm so that a

relatively high degree of egg fertility (45.26%) resulted. Another

possible explanation is that transfer of few sperm or no sperm at all, or

aspermia at 15 days postirradiation (Table 5), resulted giving the normal

male an advantage over the sterilized male. Furthermore, the sexual vigor

of the males from the 10 Krad -2 d-group may have been affected so that

irradiated males were not able to compete with nonirradiated males at a

3:1 ratio. However, the presence of sperm in the spermathecae of the

female, as shown in Table 5, is indicative that mating occurred and,

therefore, the vigor of the male was not affected with 10 Krad. Use of a

high ratio of sterile to normal males, i.e., 6:1 or 9:1, may be needed

for successful competition to occur.

The results, therefore, confirm the hypothesis that under the

conditions used in this experiment, irradiated and nonirradiated males

competed with equal success at different treatments. Except for the 10

Krad -2 day group, 5 Krad applied to either -2 day and +3 day-old males

and 10 Krad given to +3 day-old adults did not affect their mating

capabilities. Irradiated and untreated males competed with similar
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chances of success. Furthermore, a ratio of 3:1 used in this experiment

resulted in successful mating competitiveness of irradiated males.

Fertility of irradiated and nonirradiated males

Table 7 summarizes the effects of gamma radiation on fertility of

eggs laid by normal females mated with irradiated and nonirradiated

males at two stages of development.

At both stages, pupa and adult, there was a marked reduction of

fertility with the normal (N) female and irradiated (I) male combinations

as compared with the untreated pairs. However, increasing the dose from

5 to 10 Krad did not significantly increase sterility in males except in

the adult group observed from 10 - 28 days where egg hatchability was

reduced from 8.05% (N x 5) to 0.16% (N x 10).

With 5 Krad, egg hatch was lower in the combinations where males were

irradiated in the pupal stage than those where they were treated as adults.

For instance, fertility was 0.39 per cent for the 5 Krad -2 day-old group

and 8.05 per cent for the 5 Krad +3 day-old group. This result may help

to explain the observation at 4 days postirradiation of some of the normal

germ cells, i.e., spermatogonia, spermatocytes, and spermatids (Table 2),

in the sectioned preparations of testes treated with 5 Krad as adults.

The testes with these germ cells may have proceeded through normal

spermatogenesis up to the production of mature sperm which fertilized

8.05 and 3.25 per cent of the eggs laid by the female in the first and

second observation period, respectively.

However, not all of the sperm were normal; an induction of lethal

mutations may have occurred for 91.9 to 96.7 per cent of the sperm. In



TABLE 7. MEAN FERTILITY OF EGGS LAID BY FEMALES MATED WITH
IRRADIATED AND NONIRRADIATED MALE ORIENTAL FRUIT FLIESa

Mean ± standard error at 2 oviposition periodsbStage

Pupa

Adult

Age
(days)

- 2

+ 3

Pair
F x M

N x N

N x 5 Krad

N x 10 Krad

NxN

N x 5 Krad

N x 10 Krad

10 - 28 days

84.43 + 2.27 a

0.39 + 0.86 b

0.15 + 0.52 b

87.52 + 1.19 a

8.05 + 1.14 d

0.16 + 0.55 b

30 - 44 days

66.86 + 1.96 c

0.47 + 0.98 b

0.16 + 0.60 b

82.26 + 1.40 a

3.25 + 1.70 b

0.17 + 0.63 b

aAll values changed by arcsin transformation for statistical evaluation. See Appendix A for
banalysis.

Means followed by same letter are not significantly different from each other at 5% level
(Duncan's multiple range test).

F = female
M = male
N = nonirradiated

I-'
o
r-.>
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this case, nonhatchability of eggs was used as a measure of total

lethality induced by radiation. Production of 98 or 99% lethality in

eggs is considered an incidence of dominant lethal mutations. This

lethal effect occurs as an alteration in the genetic component of the

germ cells that may not affect the maturation of the gamete, but may

prevent the zygote from developing into maturity at some stage between

fertilization and the mature adult.

With 10 Krad, fertility of the eggs laid by females mated with 10

Krad treated males was about the same for all of the four means with a

range of 0.15 to 0.17%. A possible incidence of 99.9% dominant lethal

mutations seemed evident.

Fertility was similar if not reduced from the first to the second

month of observation. These findings indicate the absence of any recovery

of spermatogenic activity in the testes treated with 5 Krad as pupae or

as adults until the 44th day after irradiation. The results obtained in

this experiment, therefore, corroborate the histopathological effects

produced by radiation on the germ cells of the testes. However, the data

presented here are contrary to the results obtained at the USDA Fruit Fly

Laboratory (Steiner and Christenson, 1956; Steiner, et al., 1962). They

reported that recovery in fertility was attained 30-50 days in adult D.

dorsalis. Such a phenomenon was not observed in this experiment; rather

males, particularly those treatRd at a pupal stage with 5 Krad, remained

sterile for almost the entire period of their mating life.

Based on competitiveness and sterility data, therefore, irradiation

of adults with 10 Krad appeared more of potential application since adults

which attained about 99% sterility were more competitive than those
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irradiated during the pupal stage. However, since the use of adult

irradiation may raise new logistic problems (although Taylor (1971)

pointed out that these problems are surmountable), irradiation of

8-day-old pupae with 5 Krad seems of practical use for a field experiment.

The results obtained here on adult irradiation agree with the

findings of Ohinata, et ale (1971) on the Mediterranean fruit fly,

Ceratitis capitata, where they found that irradiation of 2-day-old males

with 10 Krad when mated with untreated females produced eggs with about

0.01% fertility. Also, those males sterilized as +2 day-old adults were

more competitive than males treated as -2 day-old pupae.

Fecundi~of irradiated and nonirradiated females

The purpose of this experiment was to elucidate the effect of

radiation on egg production or on the egg laying capacity of females

treated with 5 and 10 Krad at 2 different stages.

The results are shown in Table 8. The data are represented as the

means from a total of 40 females irradiated as pupae, 40 females

irradiated as adults and 40 females designated as the control group.

Females subjected to 5 Krad treatment during pupal or adult stages

deposited a very small number of eggs. A mean of 0.30 and 1.55 eggs per

female were obtained from those treated with 5 Krad as pupae or adults,

respectively. Although the sectioned preparations of ovaries mentioned

under histopathological effects did not reveal recovery in any treated

ovarioles, the data obtained above indicated that a few eggs were able to

develop and were laid by the females. Such eggs were found in only one

replication and may be considered negligible as the number was

significantly small.



TABLE 8. FECUNDITY OF IRRADIATED .AND NONIRRADIATED FEMALE ORIENTAL

FRUIT FLIES AT TWO STAGES OF DEVELOPMENTa

Stage Age Dose Replications Mean +
standard(days) (Krad) I II III IV error

Pupa - 2 0 411.4 595.6 526.0 609.6 535.65 + 45.27

5 0 0 1.2 0 0.30 + 0.30

10 0 0 0 0 0

Adult + 3 0 731.6 556.4 465.5 516.4 567.45 + 57.79

5 0 6.2 0 0 1.55 + 1.55

10 0 0 0 0 0

aAll values were changed by logarithmic transformation (log x + 1) for statistical evaluation.
See Appendix B for analysis.

......
o
V1
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On the other hand, witQ 10 Krad, not a single egg was laid by the

female treated either as pupae or adults indicating that the ovaries at

both stages offered an almos t similar degree of radiosensitivity; that

is, the ovaries from a-day-old pupae appeared equally sensitive to

radiation as those of the 3-day-old ~~ults. The mechanism of sensitivity

and the germ cells affected may be different but the end result,

nonproduction of eggs, is the same.

For the screwworm fly, Co chliomyia hominivorax, LaChance and

Leverich (1962) reported that after the females were more than 24 hours

old, radiation treatment with a dose of 2625 r had little effect on egg

production and all females treated when 1 to 3 days old produced normal

first egg masses. Offori (1970), working on the stable fly, Stomoxys

calcitrans, observed that at the highest dose of 3 Krad, egg production

was not affected by radiation, especially at 3 days of age, during the

first 2 days of oviposition, although a decreasing trend was noticeable

on subsequent days. Such an event may occur since the ovaries of most

older flies contained egg follicles which, at the time of treatment, were

already at an advanced stage of development. However, the younger

follicle may contain oocyte nuclei and nurse cell nuclei at various

stages of development which may respond in different ways to irradiation.

LaChance and Bruns (1963) showed that infecundity in the female

screwworm fly resulted when flies were irradiated during the endomitotic

stage in the nurse cells, whereas Offori (1970) observed that infecundity

in the stable flies was due to irreparable damage in the oogonia when

pupae and l-day-old adults were treated with 3 Krad.
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In Dacus dorsalis, infecoodity in females must have resulted from

radiation damage on the oogonial cells when 8-day-old pupae were treated

with 5 or 10 Krad or on the endomitotic replicating materials in the

nurse cells of 3-day-old adults. As a consequence, the affected gonial

cells stopped dividing and degenerated, leaving a necrotic germarium;

thus, oogenesis was completely stopped. On the other hand, radiation

damage to the nurse cells of the 3-day-old ovary, and also in the oocyte

as observed in the sectioned preparations, resulted in the disintegration

of ovariole content and, eventually, in nonproduction of eggs.

Longevity of irradiated and nonirradiated fruit flies

It is of practical importance that insects sterilized and released

into the wild population for control purposes should survive as long as

the untreated flies. The longevity of radiosterilized males,

particularly, is considered an important factor in the success of a mass

release program, since this is tied up with the competitiveness of the

male.

It was hypothesized that a difference would exist in the LT-50 and

LT-90 (lethal times for 50 and 90% of adult population, respectively)

between those flies irradiated at a pupal stage and those treated at the

adult stage. Some interactions between stage and dose, sex, and stage,

and dose and sex were also expected. The hypothesis was tested by a

factorial analysis of variance of the data in Table 9 and Appendix C.

The statistical analysis indicated that 50% of the adult fly

population, when treated either as pupae or adults, died sooner in response

to dose when compared with the untreated control. Also, all male flies



TABLE 9. LETHAL TIMES IN DAYS FOR 50 .AND 90 PERCENT OF THE ADULT
POPULATION FROM IRRADIATED PUPAE (- 2 d) .AND

ADULTS (+ 3 d) OF THE ORIENTAL FRUIT FLya

108

Dose LT Irradiated Pupae Irradiated Adults
(Krad) Male Female Male Female

0 50 38.00 39.00 38.00 37.25

90 53.00 54.25 53.00 52.25

5 50 32.50 35.75 35.50 34.50

90 55.00 54.50 52.00 52.50

10 50 30.25* 35.75 31.50* 33.25

90 48.50 53.75 50.25 50.25

aSee Appendix C for analysis.

*Significant at 5% level.
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died a little earlier than the females at the 10 Krad level. However,

no interactions were observed between stage, dose, and sex. Dose was a

significant factor at or near the 0.05 level of significance. However,

no interactions between the different factors proved significant.

On the other hand, the evidence for the difference in the LT-90

with regard to dose, stage, and sex of the treated group was not

significant, indicating that radiation at the 5 and 10 Krad levels did

not affect the longevity of the adults. Also, females in general seemed

to live longer than males. In the present experiment with~. dorsalis,

the effect of radiation on mortality of flies when sexes were caged

separately was not studied. This study consisted only of observing both

male and female flies when caged together. However, observations of the

behavior of the flies in cages containing either males alone or both

sexes together showed that there was excessive activity which may be the

result of male aggressiveness.



CONCLUSION

The results of this study show that gamma radiation inhibits the

growth of both testes and ovaries, causing death among gonia1 and

follicle cells, produces pycnosis among the spermatocytes, spermatids,

and nurse cells and induces a dominant lethal effect on the sperm,

resulting in the sterility of the adult flies. Death of the gonial

cells results in aspermia among treated males and infecundity in the

females. Furthermore, male fruit flies irradiated as adults are more

competitive and have a better inseminating capacity than those treated

as late pupae.

Irradiation of 3-day-01d adults with 10 Krad appears more of

potential application than irradiation during the pupal stage. However,

because of some problems in adult irradiation, an alternative use of 5

Krad on 8-day-01d pupae seems of practical use in field releases.



SUMMARY

The objective of this study was to determine what were some of the

biological and histopathological eff.ects of gamma radiation on the

gonads of the Oriental fruit fly.

Both pupae (-2 day old) and adults (+3 day old) were treated each

with 5 and 10 Krad of gamma radiation. For the first phase of the

problem, histopathological effects of irradiation were conducted on the

adult gonads and results showed the following:

(1) Exposure to 5 and 10 Krad inhibited the growth of ovaries and

testes, thereby resulting in an atrophied condition. In the testes,

such a condition was induced by the death of the spermatogonial cells

in the germarium, and by the degeneration of pycnotic spermatocytes and

spermatids and eventual resorption of testicular contents.

(2) The radiosensitivity of the male germ cells was dependent

upon the stage of cell division. Exposure to radiation produced an

abortive cell division among the gonial cells eventually leading to

death of these cells. Both primary and secondary spermatocytes

became pycnotic and formed clumps of Feulgen-positive chromatin

materials which either degenerated or gave rise to some abnormal

spermatids. The spermatids and immature sperm bundles offered some

degree of resistance to radiation effects when treated with 5 Krad.

However, damage to these cells was manifested within 12 days after

treatment and no spermatogenic activity was observed up to 44 days

after irradiation.

(3) The ovary was found to be more sensitive to radiation damage
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than the testes when the same dose and age level were used. Irradiation

of both pupae and adults inhibited ovarian growth due to oogonial and

follicle cell killing. As a consequence of oogonial death, the mitotic

activity of these cells differentiating nurse cells and oocytes was

completely stopped.

(4) Among irradiated adult females, the follicle cells were

affected more than the oocytes, although pycnotic oocytes were also

observed. Furthermore, the endomitotic activity in the nurse cells of

a 3-day-old ovary created a situation wherein the cells became more

sensitive to radiation due to the presence of a highly polyploid

condition in the nuclei. As a result, the nurse cells became pycnotic

and failed to supply the necessary nutrient materials for the oocyte.

In addition, no egg chamber was formed, vacuolation in the chambers and

deformities in the shapes of the follicles resulted. Hence,

development of the egg was inhibited to the extent that the ovariole

contents completely degenerated. No recovery of oogenesis was observed

even at 44 days after treatment.

The second phase of this research was designed to determine some

biological effects of radiation on the adult fruit flies. In these

studies,

(1) Radiation reduced the amount of sperm transferred by a male,

as a possible consequence of the occurrence of aspermia in the testes.

However, males irradiated during the adult stage and those irradiated

with 5 Krad at either stage were able to transfer sperm, which were

comparable with the control, longer than those treated during late

pupal stage. The sperm complement in the spermathecae of females
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indicated that sperm from both irradiated and nonirradiated males were

motile and that the sperm appeared normal under 1000x magnification.

(2) Studies evaluating mating performance of male D. dorsalis

showed that irradiated and nonirradiat~~ males, except those flies

treated with 10 Krad in the pupal stage, competed with equal success

for untreated females.

(3) Irradiation reduced fertility of eggs laid by females mated

with treated males. A dose of 5 Krad induced about 99.5% dominant

lethality among the sperm of testes when flies were treated as late

pupae, and about 91.9 to 99.8% lethality when male flies were treated

as 3-day-old adults with 5 and 10 Krad, respectively.

(4) The fecundity of females was affected by radiation so that

none or very few eggs were laid by treated females.

(5) Mortality studies made on irradiated and nonirradiated flies

indicated that radiation produced no significant shortening of life

span at least for 90% of the adult population, although it took a

shorter time for 50% of the treated adults to die when compared with

the longevity of the control flies.

It is thus evident from these studies that 3-day-old adults

seemed to be the best stage for radiation sterilization with 10 Krad

or, alternatively, 8-day-old pupae with 5 Krad. It is essential to

extend these findings in pilot studies. Furthermore, histological and

mating studies indicated that sterility in males was brought about by

a dominant lethal effect on the sperm, and by aspermia or absence of a

full sperm content in the testes; sterility was induced by

nonproduction of eggs in females.



APPENDIX A. STATISTICAL ANALYSIS OF DATA IN TABLE 7. ALL VALUES
CHANGED BY ARCSIN TRANSFOR}u\TION FOR STATISTICAL EVALUATION.

10 - 28 days

Stage Pair Replications
FxM I II III IV V

Pupa NxN 86.37 89.94 90.50 79.17 76.18
N x 5 Krad 0.63 0.66 0.38 0 0.19
N x 10 Krad 0.25 0.21 0.19 0 0.12

Adult NxN 86.84 86.44 85.71 86.53 92.59
N x 5 Krad 8.06 6.98 5.93 12.40 6.89
N x 10 Krad 0.21 0.16 0.19 0.26 0

ANALYSIS OF VARIANCE

SV DF SS MS OBS. F TAB. F
5% 1%

Replication 4 15.66 3.915 0.29 2.87 4.43
Treatment 5 26.741. 94 5,348.38 398.54** 2.71 4.10

Stage (S) (1) 206.62 206.62 15.39** 4.35 8.10
Dose (D) (2) 26.286.24 13,143.12 979.37** 3.49 5.85
SD (2) 249.08 124.54 9.28** 3.49 5.85

Error 20 268.37 13.42

M.S.E. = 13;/12 = 2.684 = 1.64

L.S.R. 4.92 4.96 5.10 5.23 5.31

30 - 44 days

Stage Pair Replications
FxH I II III IV V

Pupa NxN 71.56 58.31 60.17 75.03 67.24
N x 5 Krad 0.91 0.64 0.23 0 0.09
N x 10 Krad 0.11 0.12 0.44 0.14 0

Adult NxN 82.74 87.23 85.18 78.39 61.82
N x 5 Krad 3.38 3.72 4.32 4.54 0.29
N x 10 Krad 0.06 0.29 0.14 0 0.18

ANALYSIS OF VARIANCE

SV DF SS MS OBS. F TAB. F
5% 1%
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Replication
Treatment

Stage (S)
Dose (D)
SD

Error

4
5

(1)
(2)
(2)
20

34.30
21,266.70

247.90
20,871.97

146.83
172.30

8.57 0.99
4,253.34 493.71**

247.90 28.77**
10.435.98 1,212.07**

73.41 8.52**
8.61

2.87
2.71
4.35
3.49
3.49

4.43
4.10
8.10
5.85
5.85

M.S.E. = 8;61 = 1.723 • 1.31

L.S.R. = 3.75 3.97 4.07 4.18 4.24
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APPENDIX B. STATISTICAL ANALYSIS OF DATA IN TABLE 8. ALL VALUES
CHANGED BY LOGARITHMIC TRANSFORMATION FOR

STATISTICAL EVALUATION.

ANALYSIS OF VARIANCE

SV DF SS MS OBS. F TAB. F
5% 1%

Replication 3 0.15 0.05 0.09 3.29 5.42

Treatment 5 36.449 7.289 140.17** 2.90 4.56

Dose (D) (2) 36.378 18.189 349.78** 3.68 6.36

Stage (S) (1) 0.050 0.050 0.09 4.54 8.68

SD (2) 0.021 0.011 0.02 3.68 6.36

Error 15 0.784 0.052

** = significant at 1% level.



APPENDIX C. STATISTICAL ANALYSIS OF DATA IN TABLE 9.

LT - 50

Stage & Dose Sex Replications
Age (Krad) I II III IV

Pupa 0 Male 44 38 31 39
(- 2 d) Female 42 33 44 37

5 Male 33 28 37 32
Female 43 35 28 37

10 Male 36 28 30 27
Female 38 ~1. 36 38

Adult 0 Male 44 ;;.:S 31 39
(+ 3 d) Female 35 33 44 37

5 Male 38 41 34 29
Female 33 29 42 34

10 Male 25 35 30 36
Female 33 27 35 38

AN.\LYSIS OF VARIANCE

SV DI' SS MS OBS.1' TAB. I'
5'; 1%

Replication 3 96.56 32.19 1.38 2.89 4.44
Stage (S) (1) 0.52 0.52 0.02 4.14 7.47
Dose (D) (2) 238.17 119.08 5.12* 3.29 5.32
Sex (X) (1) 31.69 31.69 1. 36 4.14 7.47
SD (2) 7.16 3.58 0.15 3.29 5.32
SX (1) 31.69 31.69 1.36 11.14 7./17
DX (2) 26.00 13.00 0.56 3.29 5.32
SDX (2) 3.50 1.75 0.07 3.29 5.32

Error 33 767.19 23.25

LT - 90

Stage & Dose Sex Replications
Age (Krad) I II III IV

Pupa 0 Male 54 49 56 53
(- 2 d) Female 55 56 56 50

5 Male 56 56 54 54
Female 56 53 54 55

10 Male 42 55 52 45
Female 56 49 56 54

Mu1t 0 Male 54 49 56 53
(+ 3 d) Female 49 56 54 50

5 Male 56 54 54 44
Female 56 46 54 54

10 Male 44 47 54 56
Female 54 49 42 56

ANALYSIS OF VARIANCE

SV DI' SS MS OBS. I' TAB. I'
5% 1%

Replication 3 25.23 6.41 0.36 2.89 4.44
Stage (S) (1) 25.52 25.52 1.41 4.14 7.47
Dose (D) (2) 74.62 37.31 2.07 3.29 5.32
Sex (X) (1) 11.02 11.02 0.61 4.14 7.47
SD (2) 6.56 3.28 0.18 3.29 5.32
SX (1) 13.02 13.02 0.72 4.14 7.47
DX (2) 16.79 8.39 0.46 3.29 5.32
SDX (2) 19.53 9.76 0.54 3.29 5.32

Error 33 595.52 18.05
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APPENDIX D. LIST OF ABBREVIATIONS

Testis -- Figures 4-21 Ovary -- Figures 24-36

(F) Feulgen-positive material

(CH)

(DC)

(ES)

Chromosome

Degenerated cell

Epithelial sheath

(BC)

(CO)

(DC)

Border cell

Chorion

Degenerated or
disintegrated cell

(DNC) Disintegrating nurse
(FS) Free sperm cell

(IS) Immature spenn (EC) Egg chamber

(KC) Sticky chromosome (FC) Follicle cell

(P) Pycnotic materials (g) Germarium

(PR) Prophase stage of meiosis (MO) Maturing ovum

(RD) Reduction division (N) Necrotic

(SB) Sperm bundle (NC) Nurse cell

(TSB) Twisted sperm bundle (00) Oocyte

(LSB) Loose sperm bundle (OC) Oogonial cell

(SC) Spermatocyte (P) Pycnotic materials

(SC1) Primary spermatocyte (TF) Terminal filament

(SD) Spermatid (V) Vacuolation

(SP) Sperm (Y) Yolk granules

(ST) Spermatid with elongated
tail

(SG) Spermatogonia

(g) Spermatogonia in groups

(c) Spermatogonia in cyst

(SV) Seminal vesicle

(V) Vacuolation
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