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A

 

BSTRACT

 

Sperm quality and sperm competition play important roles in determining the efficiency of
genetic methods for suppression of lepidopteran populations. Herein we have examined com-
petitiveness of mutant and irradiated males of 

 

Ephestia kuehniella

 

 by counting eupyrene
(fertile) and apyrene (non-fertile) sperm transferred to the female during copulation. Mu-
tant BL-2 males, trans-heterozygous for two sex-linked recessive lethal mutations 

 

sl-2

 

 and

 

sl-15

 

, produced 50% fewer of both types of sperm as compared to with WT-C (wild-type)
males. However, the ratio of apyrene to eupyrene sperm remained the same in both male
types (9.5:1). Irradiation of mature male pupae, heterozygous for either 

 

sl-2

 

 or 

 

sl-15

 

 muta-
tions, with doses between 150 and 350 Gy showed dose-dependent effects on the amount of
sperm transferred and on the total length of mating times. As the treatment dose increased
the volume of sperm transferred by the male decreased and the mating times got longer. In
the F

 

1

 

 descendants of the treated males, males were found to transfer either a relatively nor-
mal or a very small volume of sperm, which could reflect changes in gamete segregation and
in chromosomal aberrations that are inherited. The dose of 175 Gy is suggested as optimal
for irradiation of 

 

Ephestia kuehniella

 

.
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R

 

ESUMEN

 

La calidad y la competitividad del esperma es de suma importancia en la determinacion de
la eficacia de los metodos geneticos destinados a la supresion de poblaciones de Lepidoptera.
En este articulo hemos examinado la competitividad de machos de una sepa mutante asi
como la competitividad de machos irradiados de la especie 

 

Ephestia kuehniella

 

 utilizando
como indicador el numero total de esperma nucleado (eupyreno) y ancleado (apyreno) que es-
tos machos transfieren durante la copula. Los machos de la sepa mutante (BL-2) que son
trans-heterocigotos para dos mutaciones letales recesivas ligadas al sexo (

 

sl-2 y sl-15

 

), pro-
dujeron 50% menos cantidad de los dos tipos de esperma que los machos de tipo salvaje (WT-
C). Sin embargo, la relacion entre la cantidad de esperma apyreno y eupyreno se mantuvo
constante en ambos tipos de macho (9.5:1). La irradiacion de pupas maduras, heterocigotas
para las mutaciones 

 

sl-2

 

 o 

 

sl-15

 

 con dosis entre 150 y 350 Gy mostro efectos dependientes de
la dosis en cuanto a la cantidad de esperma transferido y el tiempo que los machos perma-
necen en copula. A medida que la dosis de irradiacion se incrementa, el volumen de esperma
transferido decrece y el tiempo que los machos permanecen en copula aumenta. Asimismo,
se encontro que los descendientes de machos irradiados (F

 

1

 

) transfieren ya sea una cantidad
normal de esperma o una cantidad muy reducida de esperma lo cual indica que los cambios
en la segregacion de gametos en cromosomas irradiados son heredados. La dosis de 175 Gy

 

parece ser optima para la irradiacion de 

 

Ephestia kuehniella

 

.

 

Substerilizing doses of radiation induce inher-
ited sterility in Lepidoptera (Anisimov et al. 1989;
Carpenter 1991), and the impact of gamma rays
at the chromosomal level is well known (Astaurov
& Frolova 1935; LaChance 1967; Carpenter 1991).
The effectiveness of radiation-induced inherited
sterility in the Mediterranean flour moth (

 

Ephes-
tia kuehniella

 

), an extremely radio-resistant spe-
cies, is enhanced by the use of a genetic sexing
technique (Marec & Mirchi 1990; Marec et al.
1999). However, when evaluating the potential of
inherited sterility for population suppression it is

important to quantify the competitiveness of the
released males.

In Lepidoptera, the amount of sperm trans-
ferred during mating may affect reproductive suc-
cess (Cook et al., in press), and as such has
important consequences in the success of a sterile
male release program. Females that receive in-
sufficient amounts of sperm during mating may
remate in order to secure enough sperm to fertil-
ize their complement of eggs. Even if females
have received enough sperm to fertilize the eggs,
they might be able to perceive that insufficient
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sperm quantities were transferred during mat-
ing. In the Indian meal moth (

 

Plodia interpunc-
tella

 

), females that received smaller amounts of
sperm did not exhibit reduced fertility, even at the
end of their life (Cook 1999). Nonetheless, these
females were more likely to remate than females
receiving adequate sperm numbers (Cook & Gage
1995). In experiments with 

 

Plodia interpunctella

 

,
where females were mated twice to males that
differed in the amount of sperm transferred Cook
et al. (1997) found that males that transferred
more sperm were able to fertilize a higher propor-
tion of the females eggs. Similar results were re-
ported by Wedell & Cook (1998) for the pierid
butterfly 

 

Pieris rapae

 

. In accordance with the
sperm competition theory (Parker 1970), male
Lepidoptera have the capacity to increase sperm
numbers when sperm competition risk is high
(Cook & Gage 1995; Cook & Wedell 1996; Wedell
& Cook 1999a). This phenomenon has been re-
ported in other invertebrates (Gage 1991; Gage &
Baker 1991; Simmons et al. 1993) and verte-
brates (Baker & Bellis 1989; Bellis et al. 1990).

Several other factors affect sperm numbers.
For example, in 

 

P. interpunctella

 

, males transfer
fewer sperm in their second and third matings
(Gage & Cook 1994), whereas males of 

 

P. rapae

 

transfer more sperm in the second when com-
pared to the first mating (Cook & Wedell 1996;
Wedell & Cook 1999b). Gage & Cook (1994) exam-
ined the effect of high versus low protein larval di-
ets on sperm number and size in 

 

P. interpunctella

 

.
They found that the number but not the size of
sperm was reduced when male larvae suffered re-
source restrictions. However, in a study of suble-
thal viral larval infection in the same species,
Sait et al. (1998) found that sub-lethally infected
males, despite having lower fertility, did not have
significantly fewer or smaller sperm.

Lepidopterans produce two types of sperm
cells, nucleated eupyrene (Figs. 1, 2) and smaller,
anucleated apyrene sperm (Fig. 3). The two sperm
types result from two distinct modes of spermato-
genesis (Friedländer 1997), with apyrene out-
numbering eupyrene sperm by about ten to one
(Gage & Cook 1994; Cook & Wedell 1996, 1999;
Marec et al. 1996). Both types are transferred to
the female during copulation via the spermato-
phore and both reach the site of sperm storage,
the spermatheca. Apyrene sperm bundles dissoci-
ate and become motile prior to male ejaculation
while eupyrene sperm remain in bundles (Fig. 1).
Until recently, the function of apyrene sperm was
unknown although several hypotheses have been
postulated (reviewed by Silberglied et al. 1984).
Osanai et al. (1987, 1989) suggested that apyrene
sperm aid in the motility of eupyrene sperm bun-
dles inside the female. They characterized apy-
rene function as that of promoting dissociation of
eupyrene bundles and separation of individual
eupyrene sperm both mechanically and by bio-

chemical degradation. It has also been suggested
that apyrenes play a role in sperm competition
(Silberglied et al. 1984; Cook & Gage 1995). Also,
there is good evidence that they protect a males
reproductive investment by delaying female re-
mating (Cook & Wedell 1999). Thus, apyrene
sperm, as well as eupyrene sperm, must be con-
sidered when investigating male reproductive
success.

In this study we examined the effects of muta-
tion and doses of gamma radiation on the number
of eupyrene and apyrene sperm transferred by
males of 

 

E. kuehniella

 

 in the P and F

 

1

 

 generations
in an effort to assess the sperm competitiveness of
the released males used in an F

 

1

 

 sterility manage-
ment program for 

 

Ephestia kuehniella

 

.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Insects

 

Insects were reared and experiments carried
out in rooms held at constant temperature (25 

 

±

 

1

 

°

 

C), 12L:12D photoperiod and ambient relative

Fig. 1. Eupyrene sperm bundle of Ephestia kueh-
niella taken from the spermatophore and seen in
Nomarski interference contrast using Aristoplan micro-
scope. Scale bar = 100 mm.
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humidity. The Mediterranean flour moth, 

 

Ephes-
tia kuehniella

 

 Zeller (Lepidoptera: Pyralidae) has
been in laboratory culture since 1984 and the
strain is considered to be wild-type (WT-C) (for
details see Marec 1990). A balanced lethal strain,
BL-2, was constructed in 1990 (Marec 1991) and
has been reared since 1990 in single pair cultures.
BL-2 males are trans-heterozygous for two non-
allelic sex-linked recessive lethal mutations, 

 

sl-2

 

and 

 

sl-15

 

. The genetic structure of the BL-2 strain
is described in Marec et al. (1999). The number
and ratio of eupyrene and apyrene sperm (see be-
low) and the total time in copula for BL-2 and WT-
C males mated to WT-C females was recorded in
the laboratory.

BL-2 males were individually mated to virgin
WT-C females one generation before irradiation.
Heterozygous males of two genotypes (

 

sl-2

 

 or 

 

sl-
15

 

) were produced (both male types are desig-
nated here as 

 

sl

 

/+), whereas female zygotes died
during embryogenesis (since they were hemizy-
gous for the lethal 

 

sl-2

 

 or 

 

sl-15

 

 mutations). Six to
eight day-old pupae were removed from their co-
coons and irradiated.

 

Irradiation

 

Irradiation was performed at the Entomology
Unit of the FAO/IAEA Laboratories in Seibers-
dorf, Austria, using a Co

 

60

 

 Gammacell 220 (AE of
Canada Ltd.) with dose rates ranging between 50-
60 Gy/min. The 

 

sl

 

/+ male pupae were placed in
plastic petri-dishes (5 cm diam.) In the first ex-
periment we examined the effect of dose on the P
generation. Pupae were treated with 150, 175,
200, 250 or 350 Gy of gamma radiation. In the
second experiment we examined the effect on the
F

 

1

 

 generation. A sixth dose was added in this ex-
periment (300 Gy). As a control for the irradia-
tion procedure, untreated 

 

sl

 

/+ and WT-C males
were subjected to the same handling as irradiated
males. Pupae were placed in containers at the
conditions mentioned above and adults were col-
lected as they emerged.

 

Sperm Counts

 

Males were allowed to mate with WT-C virgin
females. For each mating, the total time in copula

Fig. 2. Eupyrene sperm of Ephestia kuehniella after
dissociation from the sperm bundle and seen in Nomar-
ski interference contrast using Aristoplan microscope.
Scale bar = 100 mm.

Fig. 3. Apyrene sperm of Ephestia kuehniella taken
from the spermatophore and seen in Nomarski interfer-
ence contrast using Aristoplan microscope. Scale bar =
100 mm.
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and the number of eupyrene and apyrene sperm
transferred was recorded. Sperm were counted us-
ing the methods outlined in Gage & Cook (1994)
and Cook & Wedell (1996). Immediately after mat-
ing, the female was dissected and the spermato-
phore removed from the bursa copulatrix and
placed in a drop of modified Barth saline solution
on a glass slide (Gurdon 1991). Using a dissecting
microscope (40

 

×

 

 magnification), the spermato-
phore was ruptured to release the sperm. The eu-
pyrene sperm bundles were counted and the
number of eupyrene sperm was obtained by mul-
tiplying the number of bundles by 256 (which is
the number of sperm per bundle present after
both mitotic and meiotic divisions are completed).
To count the apyrene sperm, the sample was
washed off from the glass slide with more Barth
saline and diluted with distilled water. Six 10 

 

µ

 

l
sub samples were placed on slides and allowed to
dry. Each was examined using dark-field phase
contrast microscopy (100

 

×

 

 magnification) and the
number of apyrene sperm in each dried sample
was counted. The sperm ratio was expressed as a
quotient of apyrene to eupyrene sperm.

 

Statistical Analysis

 

Data was analyzed using Instat and GraphPad
Prism software. The number and ratio of eu-
pyrene and apyrene sperm and the total time in
copula for the BL-2 and WT-C males was analyzed
with one way analysis of variance (ANOVA). Data
collected for the F

 

1

 

 generation appeared to deviate
from normality. As such, Kruskal-Wallis one-way
analysis of variance by ranks was used to decide if
samples came from populations with the same
median (Siegel & Castellan 1988). This non-para-
metric method has the advantage of not requiring
the assumption of normally distributed error. To-
tal time in copula for the F

 

1 

 

generation was com-
pared with one-way ANOVA.

R

 

ESULTS

 

Data on the number of eupyrene and apyrene
sperm, sperm ratio and the total time in copula

for BL-2 and WT-C males is presented in Table 1.
The number of both eupyrene and apyrene sperm
were significantly lower in males from the BL-2
strain. However, the ratio of apyrene to eupyrene
sperm was the same in both male groups (9.5:1).
The total time in copula was slightly (although
not significantly; P = 0.0774) longer for the mu-
tant male strain (BL-2) than for the wild type
(WT-C) males.

Radiation dose significantly affected both eu-
pyrene (Fig. 4-P < 0.05, F = 3.844) and apyrene
(Fig. 5-P < 0.05, F = 2.953) sperm numbers in the P
generation as males were treated with increasing
doses of gamma radiation. When males were
treated with 175 Gy the number of eupyrene (Fig.
4) and apyrene (Fig. 5) sperm was higher than for
both controls (sl/+ and WT-C). At doses above 175
Gy the amount of sperm decreased significantly
to reach a 25% reduction at 350 Gy for both sperm
types (F = 3.85, P = 0.013 and F = 2.95, P = 0.009
for eupyrene and apyrene sperm, respectively).

There were no significant differences in the
apyrene to eupyrene sperm ratios among treat-
ments (Fig. 6) (F = 1.25, P = 0.28). The total time
in copula for control and treated P generation
males is shown in Figure 7. There was a signifi-
cant treatment effect, with males treated at 350
Gy remaining in copula for the longest period of
time (F = 5.55, P = 0.0001).

No adult progeny developed from crosses in-
volving P males treated with 300 and 350 Gy. As
such, no data is included for the F

 

1

 

 generation at
these doses. In the remaining F

 

1

 

 male groups
(150-250 Gy), no dose-response was evident when
the mean numbers of sperm in the spermatophore
were compared. However the numbers of eu-
pyrene to apyrene sperm suggested a bimodal dis-
tribution but could not be tested for normality
because of insufficient sample size. Therefore, a
Kruskall-Wallis test was used to compare medi-
ans (Table 2). The number of sperm transferred
by F

 

1

 

 generation males was highly variable. Fig-
ures 8 and 9 illustrate the distribution of num-
bers of both sperm types at various doses. These
distributions clearly show the difference between
WT-C control and untreated 

 

sl

 

/+ control in the

 

T

 

ABLE

 

 1. N

 

UMBER

 

 

 

OF

 

 

 

EUPYRENE

 

 

 

AND

 

 

 

APYRENE

 

 

 

SPERM

 

 

 

AND

 

 

 

COPULA

 

 

 

DURATION

 

 

 

IN

 

 

 

THE

 

 

 

BL

 

-2 

 

AND

 

 WT-C 

 

STRAINS

 

 

 

OF

 

E

 

PHESTIA

 

 

 

KUEHNIELLA

 

.

Strain

Eupyrene sperm (no.) Apyrene sperm (no.) Sperm ratio

 

1

 

Total time in copula 
(min.)

n Mean 

 

±

 

 SD n Mean 

 

±

 

 SD n Mean 

 

±

 

 SD n Mean 

 

±

 

 SD

bl-2 21 6644 

 

±

 

 4146** 23 60868 

 

±

 

 28793** 16 9.5 

 

±

 

 3.3 21 121.9 

 

±

 

 32.5*
WT-C 22 14604 

 

±

 

 7028 26 112182 

 

±

 

 75046 19 9.5 

 

±

 

 2.9 25 106.2 

 

±

 

 26.4

 

1

 

The difference between strains was not significant at P = 0.05 (compared using ANOVA).
*Marginally significant at P = 0.0774.
** P < 0.001.
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numbers of both sperm types transferred. Apy-
rene to eupyrene sperm ratios in the F

 

1

 

 genera-
tion were lower in the controls (

 

sl

 

/+ and WT-C)
than in the treatments (Table 2). Some of the
males from each treated group exhibited very
high apyrene to eupyrene ratios as shown in Fig.
10. The total time in copula in F1 males did not fol-
low a dose-dependent pattern (Fig. 11-F = 4.605,
P = 0.0009). When compared with one-way
ANOVA, significant differences were found
among controls and treated groups. Males treated
with 175 Gy remained in copula for the longest
time (the mean was 160 minutes).

In addition, some F1 males exhibited various
abnormalities in spermatophore production, in-
cluding spermatophore bulb formation, sperm
transfer to the spermatophore and accessory
gland fluid transfer to the bursa copulatrix. We
recognized three types of copulatory defects in F1

males: (1) no accessory gland fluid present in the
bursa copulatrix; (2) no spermatophore or acces-

sory gland secretion present, only apyrene sperm
present in bursa copulatrix, and (3) no spermato-
phore or sperm present. These defects were ob-
served in 7.3% of the total (110 males) studied
and occurred only in treated males.

DISCUSSION

In order to predict the amount of sperm trans-
ferred by Ephestia kuehniella males, we analyzed
sperm numbers in parents of irradiated sl/+
males, heterozygous for either the sl-2 or sl-15
mutations, and in BL-2 males which carried both
mutations. We discovered that mutations had an
effect on the amount of sperm in the spermato-
phore but not on the apyrene to eupyrene sperm
ratio (Table 1). A 9.5:1 apyrene to eupyrene ratio
was found in the control (WT-C) males and in the
BL-2 mutant males, and this ratio is similar to
that reported for other Lepidoptera. For example,

Fig. 4. Eupyrene sperm numbers transferred in P
generation of irradiated sl/+ males of Ephestia kueh-
niella. Untreated controls: sl/+, WT-C. Bars indicate
standard deviation.

Fig. 5. Apyrene sperm numbers transferred in P gen-
eration of irradiated sl/+ males of Ephestia kuehniella.
Untreated controls: sl/+, WT-C. Bars indicate standard
deviation.

Fig. 6. Apyrene to eupyrene sperm ratio in the P gen-
eration for irradiated sl/+ males of Ephestia kuehniella.
Untreated controls: sl/+, WT-C. Bars indicate standard
deviation.

Fig. 7. Total time in copula in the P generation for ir-
radiated sl/+ males of Ephestia kuehniella. Untreated
controls: sl/+, WT-C; bars indicate standard deviation.
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a 9:1 ratio was reported for Plodia interpunctella
by Gage & Cook (1994); a 5:1 ratio for Spodoptera
litura by Etman & Hooper (1979) and a 9.6:1 ratio
for Manduca sexta by J. G. Shepherd, unpub-
lished data in Silberglied et al. (1984).

Several authors have suggested that anucle-
ated apyrene sperm play a role in sperm competi-
tion (Silberglied et al. 1984; Osanai et al. 1987;
Cook & Gage 1995). Cook & Weddel (1999) found
that female Pieris napi that had more apyrene
sperm in their storage organ were more likely to
delay remating than females with less apyrene
sperm. Marec et al. (1999) examined the effect of
irradiation on mating success and fecundity of sl/
+ E. kuehniella and found that radiation dose did
not produce any major physiological changes that
would decrease reproductive capacity in treated
males. Holt & North (1970) studied the effect of
gamma radiation on sperm distribution and cop-
ulation in Trichoplusia ni. They reported that
there was no difference in sperm volume ejacu-
lated but found differences in the number of
sperm present in the spermatophore and con-
cluded that irradiation affects the complex pro-
cess of copulation. In the present study, gamma
radiation reduced the number of sperm trans-
ferred in treated E. kuehniella males of the P gen-
eration at all doses except for 175 Gy. At higher
doses, the number of eupyrene and apyrene
sperm were reduced and the total time in copula
for these males was increased. We suggest that to-
tal time in copula was dose and sperm volume-de-
pendent (i.e., the higher the treatment dose and
the lower the sperm number, the longer the total
time in copula). Holt & North (1970) also found
that irradiated males copulated for longer times
than did untreated controls.

We suggested that the impact of irradiation
would be greater in the progeny (F1) of treated sl/
+ Ephestia kuehniella males than in the parental
(P) generation. North (1975) suggested that F1

males originating from a partially sterile male
parent in Pectinophora gossypiellla or from apho-

late treated males of Bombyx mori had problems
in the production and transfer of sperm. F1 males
of B. mori produced normal numbers of apyrene
but fewer numbers of eupyrene sperm. Basically,
inherited (or F1) sterility is caused by radiation-
induced chromosomal aberrations that affect the
regular segregation of chromosomes, thus gener-
ating unbalanced gametes (Anisimov et al. 1989)
which can lead to changes during copulation. In
our experiments, F1 males showed great variabil-
ity in the numbers of sperm transferred to fe-
males (Table 2). In the range of doses tested (150-
250 Gy) some males showed sperm numbers that
were similar to those found in the untreated con-
trols. However, at the same doses, some males
transferred reduced eupyrene and increased apy-
rene sperm when compared to controls. These re-
sults agree with those of a cytogenetic study
(Tothová & Marec, subm.) which showed variabil-
ity in the number and type of chromosome aberra-
tions inherited from irradiated male parents in F1

males of E. kuehniella. This variability was mag-
nified by abnormal pairing of chromosomes dur-
ing meiosis. This abnormal pairing most probably
influenced chromosome segregation in meiosis I,
finally resulting in either genetically unbalanced
or balanced gametes. However, the level of steril-
ity predicted according to the observed frequency
of chromosome aberrations was much higher than
the level of inherited sterility found by Marec et
al. (1999). Thus, it has been suggested that there
is a regulation mechanism which enables the
moths to correct the predicted unbalanced state
towards balanced segregation of chromosomes
during meiosis I (Tothová & Marec, subm.).

In the F1 males we observed no clear dose-
dependence between sperm transfer and the dose
of gamma radiation. In general, the mean num-
ber of eupyrene sperm transferred decreased,
whereas the mean number of apyrene sperm
transferred increased. This resulted in a high ra-
tio of apyrene to eupyrene sperm, which fluctu-
ated between values similar to those of controls

TABLE 2. EUPYRENE AND APYRENE SPERM NUMBERS AND APYRENE: EUPYRENE SPERM RATIO IN F1 GENERATION OF IR-
RADIATED MALES AND UNTREATED CONTROLS IN EPHESTIA KUEHNIELLA.

Dose (Gy) n

Eupyrene sperm (no.) Apyrene sperm (no.) Sperm ratio

Median Mean ± SD Median Mean ± SD Median Mean ± SD

0 (WT-C) 10 20860 19120 ± 4666 106800 176200 ± 54290 9.90 9.3 ± 2.4
0 (sl/+) 26 9728 10670 ± 5082 108300 113000 ± 36450 11.25 11.6 ± 3.6
150 22 6528 9169 ± 7752 203500 132200 ± 64470 16.10 24.3 ± 21.6
175 10 10240 11420 ± 7290 142900 179000 ± 94860 15.35 26.4 ± 38.2
200 18 3712 6585 ± 6009 121800 164500 ± 80370 33.30 47.4 ± 37.8
250 9 6912 8107 ± 6015 182100 130400 ± 45210 25.40 20.7 ± 8.1

Kruskal-Wallis statistics1 23.43** 12.58* 27.16***

1Medians vary significantly at: *, P < 0.05; **, P < 0.001; ***, P < 0.0001.
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Fig. 8. Frequency distribution of eupyrene sperm numbers transferred by control (sl/+, WT-C) and treated males
of F1 generation Ephestia kuehniella.
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Fig. 9. Frequency distribution of apyrene sperm numbers transferred by control (sl/+, WT-C) and treated males
of F1 generation Ephestia kuehniella.
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and those which could be clustered into four
groups: (1) higher than 10:1, (2) higher than 20:1,
(3) higher than 30:1 and (4) the ratios that ex-
ceeded the value 100:1. At 200 and 250 Gy the
most frequent ratios fluctuated around the value
30:1. Several authors have reported reduced eu-
pyrene to apyrene ratios in the F1 progeny of lep-
idopteran species. Proshold et al. (1993) reported

reduced eupyrene sperm transfer in Lymantria
dispar. Twenty-five percent of the females that
mated with F1 males from 100 Gy treated male
parents contained no eupyrene sperm in their
spermatheca. Similarly, Cheng & North (1972)
found that nearly half of normal P. gossypiella fe-
males that mated with F1 males from 150 and 200
Gy treated male parents had only apyrene sperm
in their spermathecae. LaChance et al. (1977)
suggested that females with no eupyrene sperm
in their spermathecae behaved as virgins and re-
mated. However, apyrene sperm can influence
sperm competition as reported for Pieris napi by
Cook & Wedell (1999). They found that more apy-
rene sperm is stored in females that do not re-
mate. As such, males that are able to transfer
more apyrene sperm might reduce the possibility
of sperm competition. We observed that some
treated F1 males were able to transfer large
amounts of apyrene sperm. Matings with these F1

males may suppress female remating.
An interesting result was obtained when

Ephestia kuehniella males were treated with 175
Gy. In both the P and the F1 generation, this dose
caused an increase in the number of eupyrene
sperm transferred compared to the sl/+ control
(but not WT-C control in the P generation). In F1

males, the number of apyrene sperm was higher
than in both controls and this number had a
broader frequency distribution. Therefore we sug-
gest that 175 Gy may be the best dose to treat
Ephestia kuehniella for F1 sterility induction.

We conclude that males inheriting many chro-
mosomal aberrations may change either the
mechanisms regulating spermatogenesis or those
underlying copulation and sperm transfer to the
spermatophore. In this study we found that apy-
rene sperm are transferred in higher numbers in
irradiated males and in very high numbers in
their progeny. Given that apyrene sperm num-
bers are related to female remating in untreated

Fig. 10. Frequency distribution of apyrene to eu-
pyrene sperm ratios in control (sl/+, WT-C) and treated
males of F1 generation Ephestia kuehniella.

Fig. 11. Total time in copula in the F1 generation of
Ephestia kuehniella (sl/+ male parents were irradiated).
Untreated controls: sl/+, WT-C.
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Lepidoptera, the effect of receiving such high apy-
rene sperm numbers on female behavior merits
further study.
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