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ABSTRACT

The influence of the duration of intervals between successive copulation
of sterile and fertile males on female fecundity in Glossina palpalis palpalis
was examined. Result indicated that there was no different in the receptivity
of females to alternate mating chances with sterile or fertile males from 3
mating tests carried out within an interval of 24 hours. when females were 3
days old. Older females were less receptive to multiple mating. The first
mating had a predominant effect on the productivity of the twice or thrice
muted females. ![owe vcr. sperm mixing was likely to have occurred in the
spcrma thccae since the second or third mating with either sterile or fertile
mall's produced significant effects on the productivity of the mated females.
This was irrespective of the order in which the types of males were presen-
ted. Where mixed insemination occurred. the sterile sperm from males
treated with 12 had gamma rays in air were found to be competitive with
fertile sperm in G.p. palpalis. Because multiple mating behaviour affects the
ultimate goal of the Sterile Insect Technique only if the sperm from the
sterile insects arc not competitive. multiple mating and mixed insemination
in G [J. palpalis are not likely to be detrimental to the success of sterile
Insect Technique for tsetse control.

INTRODUCTION

I,

It is known that females of G. mo rsitans , G. susteni and G. p. palpalis
would mate more than once in the laboratory (Dame and Ford 1968, Gurtis
1968. Tcnabe and Vander Voloedt 1980. Tenabe and Mohammed 1985).
The' fact that sperm are long-lived within mated female Glossina (Mellanby
1937). increases the chance that two or more ejaculates may overlap in the
spcrmathccae. If the sperm of the sterile insects were not competitive, the
occurrence of multiple mating and mixed insemination by both fertile and
sterile sperm in Glossina would provide an indication of the extent to which
Sterile Insect Technique (SIT) could be successfully used for tsetse control
or eradication (Von Borstel 1960). In previous group mating tests (Tenabe
and VanderVoloedt 1980), it was difficult to ascertain the effect of sterile
or fertile mating since group mating with either sterile or fertile males was
allowed during a 48 hour period. During such mating period, it is possible
that multiple mating and insemination could have occurred with the same
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type of males whether sterile or fertile. Hence in this investigation, the group
mating period was restricted to 8 hours duration, as the minimum period for
ability to form a second spermatophore by male G. p. palpalis is 12 hours
(VanderVoloedt, personal communication).

Results of the previous tests (Tenabe and VanderVoloedt, 1980) showed
that, during single-pair and group-mating tests with both fertile and sterile
males, the level of remating during a 24 hours period was about the same
when females were confined with fertile or sterile males. Some females had
more than one spermatophore delivered by the same or different males
during a 48 hour confinement of sexes. However the first mating was found
to be more important irrespective of the type of males used first. These
tests were therefore extended in this investigation to examine the effect of
female age and the duration of intervals between successive mating of fertile
and sterile males. or vice versa, on the receptivity and productivity of G. p.
palpalis females.

MATERIALS AND METHOD

The tsetse-flies were obtained from a colony of G. p. palpalis fed on
guinea-pigs in the laboratories of the Biological Control Project, Yom. Flies
were fed 6 days a week and kept under controlled. insectary conditions •
(24.5 ± l.5°C, 85 ± 5Ofo r.h. and 12-hr phcMo-period). Based on previous
findings on G. p. palpalis (Vander Voloedt et al; 1978, Tenabe and Vander-
Vloedt 1980), one day old males were irradiated with 12 krad treatment in
air in 137Cs irradiator (Cesium cell Model D; dose rate 96.9 Krad/hour). The
females were subjected to a first mating experience when they were 3 days
old. Each mating test (treatment numbers J -18) consisted of two replicates
of 40 females at the ratio of 20 males to 20 females in each of two standard
oblong pve cages of 0.8 litre capacity. The males (either fertile or sterile)
were used once when 7 days old. The females were subjected to one to three
group mating tests involving sterile and/or fertile males.

In the first group mating test, females and males that were reluctant to
mate during the first 40 minutes were dscarded, Each group mating test in
which females were subjected to first, second and third mating when 3, 4
and 5 days old, respectively, was limited to 8 hours duration (10 a.m. to
6. p.m.). A second confinement of sexes for 4 days with either sterile or
fertile males was arranged for some groups of females when they were 8 -
I l' days or 15 - 18 days old. The purpose of these tests, was to check
whether the females were receptive to a second mate just before ovulation of
the first egg or after the extrusion of the first dead embryonated egg, when
the uterus is expected to be empty. Also the two replicates of treatment
numbers 1, 2, 9 and lOin table I, were observed daily after their respective
mating tests, till the females were 30 days old to assess the effect of multiple
mating by both sterile and fertile males on the onset and frequency of extru-
sion of embryonated eggs by the mated' females.

/
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In all instances, the experimental flies were checked for mating response
at 10, 40 and 70 minutes respectively, after confinement of sexes, by coun-
ting the number of females in copula. The highest number of females mating
during the first 70 minutes of confinement of sexes was recorded. The
mated females were kept for 60 days following emergence, during which
productivity and the occurrence of mating scars were observed.

In this investigation female fecundity is expressed by the number of
puparia produced per mature female day (Curtis 1968) which allows fecundi-
ty to be evaluated among the groups of experimental flies without bias due
to differential mortality. Such values are obtained by dividing the number of
puparia produced by the total experimental number of mature female days
(from day 20 following emergence) through which each female lived (Van-
derVloedt 1982). The productivity of females from the different treatments
was compared using the Least Significant Difference Test at the 95% level of
confidence. The measure of mating propensity or immediate mating response
was based on the 'percentage of females mating in the different treatment
groups.

RESULTS
Productivity of group-mated females offered multiple mating chance.

It is obvious from the test that one mating is sufficient for normal produc-
tion of puparia because females mated twice or more by fertile males did not
show significant differences (P = 0.05) in this parameter from once mated
females (Treatment numbers I, 7 and II in Table I). Also females mated
once, twice or thrice by sterile males did not differ significantly in producti-
vity (Treatment numbers 2, 8 and 15 in Table I).

Effect of varying time-interval between successive mating on the rrproductive status
of females offered multiple mating chance

The first mating appeared to be the most important because it determined
largely the productivity of twice or thrice mated females. Nevertheless mat-
ing subsequent to the first did influence the final fertility of the female
irrespective of male type that performed the first mating test (Treatment
numbers 7 to 18 in Table 1). No female was observed in copula in second
mating tests with 15 days old females (Treatment number 5 and 6 in Table I).

During the first 70 minutes of mating, the mating propensity was similar
when the females were given alternate mating chances with sterile and fertile
males or vice versa at an interval of 24 hours. During this period, approxi-
mately 95-100%, 24-38% and 3-18% of the females were observed in
copula during the first, second and third mating tests respectively.

However, in cases where the second mating chance was delayed till the
females were 8-11 days old, only about 5% and 8% of the females were
observed in copula with fertile and sterile males respectively, whereas, no
mating couple was observed in cases where the second mating chance was'
given between days 15-18 post-emergence (Table 1).
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Table 1. Mating response and productivity of females offered multiple mating
chance with both sterile and fertile males of C. p. palpalis.

Female 'age/mating days Female receptivity
P/MFD2/Treatment and tncs, 1/ {5O'fo)

NOli. 3 4 5 8.-11 15-18 First Second Third at 60 days
mating mating mating

1 F 97.5 0.094a
2 S 100.0 0.004b
3 F s 100.0 7.7 0.073c
4 S F 95.0 5;0 0.008b
5 S F 97.5 0.0 0.003b
6 S S 97.5 0.0 0.003b
7 F F 95.0 37.5 0.096a
8 S S 100.0 34.2 0.004b
9 F S 100.0 24.2 0.066c

10· S F 100.0 32.5 O.039d
11 F F F 97.5 23.7 2.6 0.090a
12 F S S 100.0 25.6 7.7 0.074c
13 F S F 95.0 25.0 10.0 0.078c
14 F F S 95.0 37.5 10.0 0.077c
15 S S S 100.0 27.5 7.7 O.OOlb
16 S F F 97.5 37.5 17.9 0.020d
17 S F S 95.0 25.0 7.8 0.014b
18 S S F 100.0 30.8 7.8 o.oros

1/ F Fertile mating; S = Sterile mating

2/ P/MFD - puparia produced per mature female day. Mean percent productivity was also com-
pared using Least significant DIfference test at 95% level of confidence. Female
fecundity data followed by the same letter are not significantly different.

Examination of all mated females in the tests showed the occurrence of
100.0%, 15.0% and I.OW) of single, double and triple mating scars respective-
ly. This result further confirms the evidence that a proportion of the females
actually paired more than once, but it is not known how many were insemi-
nated more than once.

Onset and frequency of extrusion of embryonated eggs by females offered
multiple ma ting chance

The onset of egg extrusion varied between 13 - 15 days regardless of the
types of males that mated with the females. The extrusion of 66 embryona-
ted eggs and the production of only 2 puparia by 40 females mated only to
sterile males, showed the lethality of the 12 Krad dose on the sperm.
Although it was evident from the few puparia produced that not all the
sperm 'were damaged (Table 2). On the other hand similar number of
females mated only to fertile males produced 59 puparia and aborted only 5
embryonated eggs and one second instar larva. A second mating chance with
either sterile or fertile mates revealed that sperm mixing must have occurred
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and the two types of sperm were competitive in the female spennathecae.
The competitiveness of the sperm was demonstrated by an increase or
decrease in the number of extruded eggs by multiple-mated females (Table
2).

Table 2: Effect of multiple mating by both sterile and fertile males on the
extrusion of embryonated eggs by mated female G. p. palpalis at

30 days post-emergence.

Treatment
No. of
mated
females

Female age
(clays) at
onset of egg
extrusion

Percent
Female
surviving

AbortionPuparia
produced

Eggs Larva

Fertile mating
only 40 90.0 59 5 15

Sterile mating
only 66 1340 100.00 2

First mating
fertile; second
mating sterile 43 19 1340 95.0

First mating
sterile; second
mating fertile 52 1440 97.5 15

!.; Second ins tar larva

DISCUSSION

The results obtained in this investigation confirm the findings of the
earlier tests (Tenabe and VanderVloedt 1980') and highlight the importance
of the first mating irrespective of whether it involves sterile or fertile males
on the productivity of multiple mated G. p. pa/palis females. There was
strong evidence that mixing of sperm from both fertile and sterile males
occurred since second or third mating with either sterile or fertile males
produced significant effects on the fecundity of group-mated females.
Females older than 8 days were found to be less receptive to a second
mating, probably because of the presence of an egg in the uterus due to the
first ovulation. Also old females (such as 15-18 days old) are usually refrac-
tory to mating, even for the first time (Dean et al., 1969). The zero percent
receptivity is most probably partly due to this specific female behaviour.
Parker (1970) reviewed sperm competition in insects and he found that one
of the main factors controlling this phenomenon is the female receptivity.
The fact that the insect sperm are very long-lived within the female increa-
ses the chance that two or more viable enjaculates will overlap in the sper-
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mathecae. Therefore second insemination may reduce the fertility which
would have been induced by the first male to mate. In all cases of multiple
mating so far investigated there were some degree of sperm competition. In
some insects, the first male predominates in fertilizing the offspring (Kitz-
miller and Laven, 1958, Curtis, 1968) while in others it is the last male
(Hunter - Junes 1960, North and Holt 1968).

The time interval between successive copulations and the age of the
mated females appeared to influence the productivity of females mated by
the two types of males. The results obtained for G. p. palpalis agree with
observation of Curtis (1968) and Pollock (1972) who claimed that G. austeni
females will mate more than once during a 24 hour interval. An explanation
for this sexual behaviour was proposed by Tobe and Langley (1978), who
indicated that an interval of at least 24 hours must elapse before tsetse
females remember their previous mating experience. These authors suggested
that a release of a substance that has hormonal function must have occurred
during the interval.

It is not known to what extent, multiple mating occurs in nature, but
the presence of double or triple mating scars on the abdomen of wild females
may indicate that multiple mating has occurred. Tenabe (1985) found that
about 3% of a sample of 300 wild females of G. tachinoides examined at
Yankari Game Reserve, Nigeria, had multiple mating scars. The possibility of
frequent encounters of males and females in the field is enhanced by the
need to feed regularly and the consequent occurrence of locally high popula-
tion densities around host animals (Glasgow 1963)" This may explain why
mating usually occurs within few days of emergence of wild females (Jor-
dan IY74).

It should not be surprising to find some fluctuations in the apparent
fertility at the very high dose of sterility observed in this investigation. This
may be due to the stochastic nature-of the effects of radiation on sperm.
Therefore at very high irradiation doses, there will be a few undamanged
sperm and although the chances of them fertilizing the ovum in competition
with so many .abnormal sperm are low, if they succeed a normal offspring
as experienced in matings involving only sterile males in this investigation
results. Where multiple mating and insemination by both fertile and sterile
sperm occurred, there was indication that the treated sperm was still compe-
titive with untreated sperm. According to Von Borstel (1960) and Knipling
(1964), multiple mating could also be of advantage in influencing the dec-
rease in the reproductivie potential of mated females, if sterile males mated
with females that were previously inseminated by fertile males and as long as
the sperm of the sterile males were competitive. In conclusion, multiple
mating and insemination in G. p. palpalis are not likely to have adverse
effect on success of an SIT programme. This agrees with the observations of
Curtis (1968) and Dame and Ford (1968) on G austeni and G. morsitans,
respectively.
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