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ABSTRACT

The transmission of sperm by unirradiated and irradiated cotton bollworm,

Helicoverpa armigera, was studied by live dissection of the female immediately

after the initiation of mating. In cotton bollworm the sperm transfer was a rather

complex process. In fact, the unirradiated male failed to transfer sperm in about 19%

of their matings. After being irradiated with 250 Gy and 400 Gy, the aberrations of

sperm transmission were about 21% and 50% respectively. The failure of

spermatophore "cap" location was an important reason of sperm transmission

aberrations. When female mated to high-dose-irradiated males, its oviposition

response appeared abnormal.



INTRODUCTION

The mating competitiveness of irradiated male to native male is one key to

successfully control natural population of lepidopterous insects. Bartlett[2] showed

that irradiation affected the mating ability of pink bollworm male moths, and the

female moths were on the condition of physiological discontent state after mated.

Therefore the mating frequency of the female that mated to irradiated male was

increased. This is a disadvantage to SIRM (Sterile-Insect-Release-Method) program.

North and Holt[81 pointed out that the largest single drawback in the use of radiation-

sterilized male moths to control natural populations of lepidopterous insects was the

inability of the irradiated males to compete successfully with natural males, and an

important reason for the lack of competitiveness of radiosterilized males moths was

the incapability of irradiated males to transfer sperm successfully. It is obvious that

the study of sperm transfer is important in the application of sterile insects technique.

The main objective of the present research is to find out the mechanism of sperm

transfer in cotton bollworm and the effects of irradiation on sperm transfer and

oviposition response of female.

1 MATERIALS AND METHODS

The cotton bollworms used in the experiment were taken from laboratory

colony (originally from the Henan province, China). Cotton bollworm larvae were

reared individually in glass tube containing artificial diet. The main ingredients of

diet were corn powder, soybean powder, Brewers yeast powder, sucrose and some

vitamin. Rearing and testing conditions were (26+1) °C, (60+10)% R.H., and a

14 h (06:00 A.M.~08:00 P.M.) photoperiod. Test moths emerged in (20X20X

30) cm iron cage, then held in glass test jar (n X 62 X 11 cm) for mating and

oviposition.

A coblat-60 source was used for irradiation. A dose rate of 2 Gy/min was used

to administer a substerilizing dose of 250 Gy and a dose of 400 Gy. During

irradiation, the pupae that would emerge in about 24 hours were held in (1 X5X

10) cm plastic box.

The transfer of sperm was assayed by dissecting out the female reproductive

system. Dissections were made in 0.8% NaCl solution. The normal sperm from the

spermatheca were motile for about 30 min in this solution.



2 RESULTS

2.1 The reproductive systems of cotton bollworm
The general reproductive systems of Lepidoptera are fairly uniform, but the

bursa copultrixes of female reproductive systems among the Lepidoptera insects are

varied. Fig.l illustrates the reproductive tracts of male and female cotton bollworm.

Fig.l Reproductive system of cotton bollworm (imitate Li Ruduo [l1)

Female: 1 Ovary; 2 Corpus bursa; 3 Cervix bursa; 4 Ductus bursa; 5—-Seminal duct:
6 Spermatheca; 7 Utriculus of spermatheca; 8 Lagena of spermatheca;

9 Accessory of spermatheca; 10 Glue bursa; 11 Accessory of glue bursa; 12 Spermatophore
corpus; 13 Spermatophore cervix; 14 Spermatophore stalk; 15 Spermatophore cap;

Male: 16 Testis; 17 Semial vesicles; 18 Vas deferens; 19 Duplex;
20 Accessory; 21 Simplex; 22 Aedeagus.

2. 2 Sperm transfer by unirradiated males
The duplex of a newly emerged cotton bollworm male contains no sperm until

12~ 16 h and is not ready for mating until 24 h after emergence. As time goes on the

sperm and the accessory fluid are gradually accumulated, meanwhile the color of

duplex is changed from translucent or slightly milky white to deep milky white. The

point of duplex connected with vas deferens shows pink or red following the



accumulation of sperm. In duplex, eupyrene sperm are in bundles, and the apyrene

sperm appear as non-motile single sperm. The sperm transferred during mating are

those milky seminal fluid that stored in the duplex and composed of sperm and

accessory fluid.

Cotton bollworm males begin to mate at about 24 h after emergence, and more

than 50% mated at about 48 h. The males would not mate forever if they did not

mate in about 120 h after emergence.

The male inserts the aedeagus containing the endophallus into the female

ductus bursa, and the mating is started. About 15~20 min after initiation of mating,

the endophallus gets into corpus bursa, which then begins to be expanded by some

secreta pushed out by male. Then the milky white spermatophore is formed. This

process takes 5~7 min, and at the same time the seminal fluid begin to be poured

into the spermatophore. Sperm pouring is completed at 40—45 min after initiation

of mating, then endophallus is pulled out from corpus bursa and inserted into the

cervix bursa, while male ejects the stalk of spermatophore. After 10—-15 min,

endophallus reaches into the bottom of cervix bursa, and discharges some white

substance to fix the frenum of the spermatophore stalk at opening of cervix bursa

which connects with seminal duct, and then semisolid spermatophore "cap" is

formed. After that, male begins to retract the endophallus, which takes 7~10 min.

Therefore, the whole process of mating takes about 60~~70 min.

About 1.5 h after mating, the muscle of corpus bursa begins to peristaltically

move and presses the spermatophore corpus, then the sperm mass passes through the

aperture of the stalk and enters the seminal duct. At this time, the apyrene sperm

become highly motile, the eupyrene sperm in stalk are scattered and become motile

too, but the eupyrene sperm in spermatophore corpus still remain bundles and

inactive though the tails of the sperm begin to spread apart. During the process of

the sperm transfer, the eupyrene sperm were surrounded by the mass of more motile

apyrene sperm. After the sperm mass passes through the seminal duct and common

oviduct into the utriculus of the bilobed spermatheca, the apyrene sperm become

immotile and deposit in the center of sperm mass, and the eupyrene sperm remain

motile through the oviposition stage. The lagena of spermatheca is transparent, and

full of some fluid, but its function is not clear. The color of the utriculus becomes

deeper and deeper following the accretion of sperm quantity.

This process takes about 30~60 min. About 2 h after mating is completed,

absolute majority of sperm locates in spermatheca, and there are very few sperm in



the spermatophore.

2. 3 The effects of irradiation on the sperm transfer
When males pupae were given 250 Gy or 400 Gy of gamma irradiation one day

before emergence, the appearances of moths and their reproductive tracts showed

normal, but, in duplex, some eupyrene sperm bundles irradiated by 400 Gy appeared

distortion to a certain extent. When irradiated males mated with normal female, the

mating peak of irradiated males was same as unirradiated males, but mating rate of

males irradiated by 400 Gy was a little less than unirradiated males.

After mating, the females were dissected to examine whether sperm were

present in the spermatophore or spermatheca. The data for 6 replicates were shown

in Table 1.

Table 1 The ability of irradiated and unirradiated cotton bollworm males to
transfer sperm to the spermatheca of females (Mean+SD)a>

Total No. % contain % contain „
_ . „ , , . . % contain only % contain
Dose/ Gv mated normal ratio reduced ratio

. , m - A bi i - n - A bi apyrene sperm no spermfemales of E • A sperm "' of E . A sperm "' ^J K _

0 79 81 .3±2 .7 a > 6 .3 + 6.2 a ) 03) 12.4 + 5.811

250 44 78 .9 + 7.5 a i 10.2 + 1 1 . 9 n b ) 0a) 10.9 + 7.5 a i

400 47 50. 0 + 7. 8b) 26. 6 + 1 7 . 8 b c l 3 . 9 + 6. 2al 19.5+16. 6"

Means followed by different letters in the same column are significantly different (Multiple range tests:
LSD test with significance level 0.05).

a): in this experiment, the present of spermatophore is used for indicating the mating of female. All the data
in this table are collected on he condition that mating had occurred.

In cotton bollworm, the sperm in the spermatheca show dense mass, and apyrene sperm are in the center of
mass surrounded by eupyrene sperm. On the condition of normally mating, it is difficult to observe the apyrene
sperm unless separating sperm mass with dissecting needle. When mating is abnormal, the apyrene sperm will be
detected easily because the eupyrene sperm are reduced apparently. Whether or not the ratio of eupyrene to
apyrene sperm is normal is determined by experimental observing. Only observing the apparent reduce of
eupyrene sperm, we can consider that the ratio of eupyrene to apyrene sperm is reduced.

b): E: A means eupyrene spermiapyrene sperm.

Of the females mated with unirradiated males, 12.4% had no sperm in their

spermatheca, 81.3% had normal ratio of sperm; mated to males irradiated with

250 Gy, 10.9% of females had no sperm in their spermatheca and 78.9% had normal

ratio of sperm; mated to males irradiated with 400 Gy, 19.5% had no sperm in their

spermatheca, but 3.9% of females only had apyrene sperm in spermatheca, and only

50.0% had normal ratio of sperm.

There was not significant difference between normal males and males irradiated



with 250 Gy (P>0.05), and the ability of males that irradiated with 400 Gy to transfer

sperm is impaired by irradiation significantly.

Dissected the female reproductive system, the following situations were

observed: (1) Spermatophore was placed into corpus bursa, but stalk was not into

cervix bursa; (2) Spermatophore was placed into cervix bursa and corpus bursa was

empty; (3) Spermatophore and spermatophore "cap" were normal, but

spermatophore had no sperm; (4) Spermatophore corpus was abnormal and could

not store sperm; (5) Spermatophore contained sperm, but "cap" was not located

normally; (6) Sperm were held up in seminal duct. Above all these situations, the

failures of spermatophore "cap" location were observed more usually.

These phenomena were observed when females mated with not only irradiated

males but also unirradiated males, but it was more usual when females mated to

irradiated males. The spermatophore contained either normal complement of sperm

or no sperm at all. It was not observed that spermatophore contained only apyrene

sperm even though the males were irradiated by 400 Gy, but when 400 Gy irradiated

males, spermatophore often contained fragmental or distortional sperm.

Sperm mass was often detained at the spermatophore "cap", and fragmental or

distortional sperm were often found in the detained sperm mass. But in the

spermatheca, it was not so often to detect the abnormal sperm. Therefore, one reason

of the aberrations of sperm transmission was blocking of female genital duct by

fragments of sperm or accessory secretion of male.

The high-dose irradiation affects not only the formation of spermatophore, but

also induces the split or distortion of sperm, which was related to the blocking of

female genital duct.

3 THE EFFECTS OF IRRADIATION ON THE OVIPOSITION
RESPONSE

Unlike majority of other Lepidoptera insects, cotton bollworm could lay eggs

without mating, and total number of eggs laid by virgin females in all life was same

as that of mated females, but oviposition stage of female is prolonged. Though the

cotton bollworm female can lay the eggs without mating, but the number of eggs

laid every day was rather small before mating occurred (see Table 2). Just after

mating, the quantity of eggs female laid increased significantly (P<0.05). Even

though irradiated with 400 Gy, the number of eggs females laid first day after



Normal

250 Gy irradiated

400 Gy irradiated

3 d old female

4 d old female

5 d old female

«=51

«=27

«=46

n=\5

«=13

«=13

mating was significantly more than that of 3-days-old virgin females and 5-days-old

females (P<0.05). It was evident that the mating stimulated the oviposition

response. The data in Table 2 showed that the number of eggs 400 Gy-treatment

females laid first day after mating was significantly less than that of 250 Gy-

treatment and normal females (P<0.05), and there was no significant difference

from 4-days-old females. These results illustrated the does of 400 Gy affected the

oviposition response significantly (P<0.05).

Table 2 The effects of irradiation on the oviposition response (Mean+SD)

r <•* i x, ™_ J Average eggs laid
Type of females No. Observed „

First day after mating

304 ±170"'

302±188a)

205±152b)

37±63C)

116±154bc)

103±85cl

Means followed by different letters in the same column are significantly different (Multiple range tests:
LSD test with significance level 0.05).

4 DISCUSSION

Callahan and Chain[31 suggested that the overall complexity of the reproductive

tract may be the determining factor for successful sperm transfer in a species, and

North and Holt[81 reported that the aberrations of sperm transmission have relation

with the complexity of spermatophore inversion. According to the criteria of

successful mating reported by North and Hole f8), the aberrations of sperm

transmission in Lepidoptera often occurred, though female mated to normal males.

Callahan and Chain [31 reported 2.8% aberrations in mating of unirradiated corn

earworms, Helicoverpa zea, 15.5% in the army worms, Pseudaletia unipuncta. North

and Holt[7] reported 22% aberrations in the cabbage loopers, Trichoplusia ni. Flint

and Kressin (5] reported 15% aberrations in the tobacco budworms, Helicoverpa

virescens, Proshold et al.[9] showed about 5%~7% aberrations in gypsy moths,

Lytmantriadispar.

The aberrations of sperm transmission is higher to 18.7% in the unirradiated

cotton bollworm, and when female mated to irradiated males, the aberrations of

sperm transfer is more than that of normal cotton bollworm further. The number of



unsuccessful matings are dosage-relied. This phenomenon should have to do with

the complexity of female cotton bollworm reproductive.

The bursa copultrix of female cotton bollworm is a Complex system, so that the

forming and locating of spermatophore are difficult, and the aberrations of sperm

transmission are higher also. When males are given high-does irradiation, which

might affect some physiological functions of male, many kinds of aberrations, such

as distortion of spermatophore and blocking of genital duct caused by sperm or

accessory fluid fragment, are induced by irradiation. Therefore, the abnormal sperm

transmissions are more usual after irradiation. The location of spermatophore cap is

an important process for successful mating, and it is an intricate process, and so that

the failure of if occurred more usually.

When males were irradiated with high dosage, the capability of male to induce

oviposition response is reduced. This phenomenon is also reported in other

Lepidopterous insects such as cabbage loopers, Trichoplusia ni.[6> 81

The aberration of sperm transmission will affect both the quantity and the

activity of sperm in spermatheca. The quantity and the activity of the sperm in

spermatheca have related with fecundity and the mating behavior of mated females

(In polygamous species). It is evident that the mating competitiveness of irradiated

male moths will be reduced if irradiation violently affected the sperm transfer and

sperm quantity and activity. To find out the effects of irradiation on the mating

competitiveness of irradiated male moths, it is necessary to study the effects of

irradiation on the quantity and the activity of eupyrene sperm further.
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