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Induced sterility of female mosquitoes
through insemination by incompatible
sperm is a possible method of biological
control. Incompatible sperm may be pro-
duced by irradiation, chemosterilants, and
by closely related strains which are capa-
ble of crossbreeding but are nevertheless
genetically or cytoplasmically incapable of
producing viable offspring. Occasionally
crossinsemination may even occur be-
tween distinct species. Gubler (1g70) has
demonstrated that males of A. albopictus
(Poona strain) readily inseminate and so
sterilize females of A. polynesiensis (Sa-
moa strain). Ali and Rozeboom (rgy1a,
b) observed that there are differences be-
tween strains of these species in their cross-
mating activity. Furthermore, in a large
cage under conditions presumably more
nearly similar to those found in nature,
cross-mating and cross-insemination took
place readily; yet 4. polynesiensis females
continued to show normal fertility rates
even in the presence of a great preponder-
ance of A. albopictus males.

We do not know the mechanisms
whereby the A. polynesiensis females are
able to mate selectively with their own
males under these conditions. One factor
which may be associated with such selec-
tivity is the age of the adults following
emergence. Gwadz and Craig (1968) ob-
served that A. aegypti females did not
become inseminated during the first 24
hours of adult life. Only 12 percent of
the ROCK strain females contained sperm
after 36 hours. No A. albopictus females
were positive for sperm after 24 hours,

L This investigation was supported in part by
research grants from the U. S. Public Health Ser-
vice (Al-07880 and Al-00351).

7

and only 11 percent after 48 hours, On
the other hand, Gubler (1970) found that
the rate of insemination of A. polynesi.
ensis females was as high during the first
24 hours of adult life as on the 5 succeed-
ing days. Furthermore, this insemination
was effected by cither A. polynesiensis or
A. albopictus males.

The objects of the experiments described
below were to determine the extent to
which A. polynesiensis females are able
to discriminate between their own and
A. albopictus males, and whether there is
a difference in the time after emergence
at which 4. polynesiensis and A. albopic-
fus females become inseminated.

MATERIALS AND METHODS

The mosquitoes were the Poona strain
of A. albopictus, and the Samoan strain
of A. polynesiensis, Both have been main-
tained in the laboratory for a number of
years. In order to obtain virgin adults for
most of the experiments, the pupae were
sexed according to size and then distrib-
uted in groups of 5 to 10 in test tubes
stoppered with a cotton plug. All adults
from tubes in which both males and fe-
males were present were discarded; the
others were placed in holding cages until
needed for the experiments. In Experi-
ment 3, adults were collected either from
test tubes or from jars within 2 hours of
emergence.

EXPERIMENTAL RESULTS

ExpERIMENT 1. INSEMINATION POTENTIAL
ofF A. albopictus. The object of this ex-
periment was to ascertain how many fe-
males single males of A. albopictus and
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A. polynesiensis are able to inseminate,
Pint-sized cardboard cylinders, covered at
the top with bobbinette, were used as
breeding cages, In a given test, there were
three breeding cages, containing, respec-
tively, the following combinations of mos-
quitoes: 1 male A. albopictus and 10 fe-
male 4. polynesiensis; 1 male and 10
temale A. polynesiensis; and 1 male and
1o female 4. albopictus. The breeding
period was 5 days, at the end of which
the females were dissected and examined
for the presence of sperm in the sperma-
thecae.  All the males survived the 5-day-
breeding period.

The results of 6 replicate tests arc given
in Table 1. Fach of the six 4. albopictus
males inseminated from 5 to 8 of their
own females. Although A. polynesiensis
males were far less effective under the
conditions of this experiment, the results
should not be interpreted as evidence that
A. polynesiensis males are not able to in-
seminate larger numbers of females under
more favorable conditions. In these small
cages, as many as four females were in-
seminated by a single 4. polynesiensis
male, whereas the extremely active 4. albo-
pictus males were able to inseminate a
total of only 2 4. polynesiensis females of
the 59 examined. The A. polyncsiensis
females responded to a greater extent to
their own males.

Experivent 2. Tur Ervicr or MaLe
Denstity on InsemiNation Ratss. The
object of this experiment was to deter-
mine the effect of male density on insem-
ination rates. There were six experimental
r-cubic foot cages, cach with 50 A. poly-
nesiensis females, A, albopictus males

were added to each cage respectively, in
the following numbers: 10, 25, 50, 00,
200, and 300, so that the male to female
ratios were 1:5, 1:2, 111, 2:1, 4:1, and 6:1.
There were two sets of control cages, each
with males and females in the same pro-
portions as above, of cither A. polynesien-
s1s or A. albopictus, The mosquitoes were
I to 2 days old at the start of the experi-
ment, and the breeding period was 5 days.
The results of two replicate tests are
presented in Table 2. The higher insem-
ination rates for A. polynesiensis than
those obtained in the previous experiment
probably are the result of the larger cage
size as well as higher mosquito densities.
At all densities almost all of the A. albo-
pictus females were inseminated by the
A. albopictus males, whereas these' males
were unable to inseminate more than 8o
percent of the A. polynesiensis females.
At the 1:5 ratio, 76 percent of the A. poly-
nesiensis females had been inseminated
by their own males, but only 32.5 percent
by the A. albopictus males. An increase
in male to female ratios from 1:2 to 6:1
did not bring about more than a slight
increase in insemination rates of the
A. polynesiensis females by the A. albo-
pictus males. Evidently about 20 percent
of the females remained unreceptive in
spite of the overwhelming numbers of
males, The A. polynesiensis females were
far more receptive to their own males, but
again there was no significant increase in
insemination rates as the male to female
ratio increased from 1:2 to 6:1. About
1o percent of these females remained un-
inseminated even at the highest male
densities. ‘

TasLE 1.-—Insemination potential of individual males of A. albopictus-and A. polynesiensis.t

Total @ @ Total @ 9 %eQ Insem. @ Q :Insem. @ Q/¢&
Cross 2 dissected insem. insem. Range 3 Average
QAx 3 A 59 40 67.8 5-8 6.7
QPx g A 59 2 3.4 o~1 0.3
2Px 4P 58 14 24.1 04 2.3

1 Combined results of 6 replicate tests, cach with 10 @ @ and 1 & of indicated species.

2 A=albopictus; P=polynesiensis.

#Range of numbers of positive 9 @ per replicate.
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TasLe 2.—Effect of male densities on insemination rates in 1-cubic foot breeding cages.

Percent insemination of females

Densities Q poly x & albo poly x poly albo x albo
Male: female Q @ exam. Y pos. Q @ exam. % pos. Q Q exam. % pos.
10 50 80 32.5 87 7549 99 98.0
25 50 89 63.0 88 88.6 97 99.0
50 50 69 65.3 85 89.4 100 99.0
100 50 6o 80.0 73 93.2 98 100

200 50 76 76.4 71 91.5 95 100
300 50 48 72.9 86 90.9 o1 98.9

1 Combined results of 2 replicate tests.

EXPERIMENT 3. SELECTIVE INSEMINATION
Frequewcies. In this experiment a com-
parison was made of insemination rates
at different male to female ratios in single
or mixed populations. A given test was
sct up with five 1-cubic foot cages with
the following combination of adults: cage
1, females of both. species plus A. albo-
pictus males; cage 2, females of both
species plus A. polynesiensis males (ex-
cept in test 3); cage 3, A. polynesiensis
females and A. albopictus males; cage 4,
these females with their own males; and
cage 5, A. albopictus females and males.

In the first two tests, the total number of
adults was 100, with female to male ratios
of 9:1 and 4:1; in the third test there were
either 200 or 100 adults per cage in female
to male ratios of r:1. The breeding period
was 5 days. Each test was repeated once.

The results are given in Table 3. Com-
parison of cages 1 and 3 in tests 1 and 2
shows that the proportions of 4. poly-
nesiensis females inseminated by A. albo-
pictus males were about the same regard.
less of whether A. albopictus females were
present. Comparison of cages 2 and 4
shows that the presence of 4. albopictus

TasLe 3—Mating preferences of 4. polynesiensis and A. albopictis.

Combinations 1

Insemination Rates 2

poly albo poly @ @ albo @ @
Cage No. % No. . %
Test No. 9 33 29 &3 diss. pos. diss. +
1 1 45 .. 45 10 64 23.4 81 84.0
2 45 10 45 . 40 55.0 . 79 0
3 90 .. . 10 93 34.5 .. ..
4 90 10 .. .. 162 39.5 .. ..
5 .. 90 10 .. - 169 47.9
2 1 40 .. 40 20 67 43.3 79 100
2 40 20 40 .. 68 . 75.0 79 0.
3 8o .. 20 124 35.5 .. ..
4 8o 20 .. .. 147 65.3 .. ..
5 80 20 e .. 80 02.5
3 1 50 .. 50 100 84 70.2 97 99.0
2 50 50 50 50 89 85.4 08 100
3 50 .. . 50 78 75.6 .
4 50 50 .. . 04 851 .. e
5 .. .. 50 50 . o 98 100

! Numbers of mosquitoes in each replicate.
2 Combined results of 2 replicate tests.
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females had no effect on the insemination
of A. polynesiensis females by their own
males.

In cage 2 of test 3, in which there were
equal numbers of both sexes of both
species, there was no increase in the in-
semination rate of 4. polynesiensis females
over that of cage 4, which contained only
this species. Although the 50 4. albopic-
tus males were capable of inseminating
threefourths of these females (cage 3),
the combined presence of both species of
males in cage 4 did not increase the pro-
portion of sperm-positive females. Some
A. polynesiensis females remained non-
receptive to their own males and to a some-
what greater extent to 4. albopictus males.

ExperiMENT 4. AcE oF ApuLts at Trvmz
oF InsemmvatioN. The object of this ex-
periment was to determine whether there
is a difference between males and females
of A. polynesiensis and A. albopictus in
the length of time between emergence
and the first inseminations. In the first
two tests, adults were removed from the
tubes within 6 hours of emergence. They
were then distributed in five separate
t-cubic foot cages in the following com-
binations: 25 4. polynesiensis females and
25 A. albopictus males, 25 female and 25
male A. polynesiensis, and 25 female and
25 male A. albopictus. Thus there were
three groups of five cages; the females
from the first cage were removed and
examined for sperm after 6 hours, and
those from each of the remaining cages
sequentially in 6-hour intervals. Because
of the 6-hour intervals in the emergence

periods, the adults in the first cage were 6
to 12 hours old, those in the second cage,
12 to 18 hours old, and so on as indicated
in Table 4. A second test was performed
with only the unmixed mating groups of
A. polynesiensis and A. albopictus.

The results are presented in Table 4.
‘There does indeed appear to be a differ-
ence in the rapidity with which the first
inseminations occur. There was a delay
of 30 or more hours in the case of 4. albo-
pictus, whereas the first positive A. poly-
nesiensis females were at most 18 hours
old. Furthermore, 60 percent or more of
the 4. polynesiensis females were insem-
inated by their own males before they
were 30 hours old, while none of the
A. albopictus females in this age group
was positive. Even after 30 to 36 hours,
only 4 of a total of 50 A. albopictus fe-
males were inseminated.

The receptivity of the female again
shows up as an important factor. Thus
A. polynesiensis females were inseminated
some 12 hours earlier by A. albopictus
males than were the A. albopictus females.

One qyestion concerning experimental
procedure is whether the short 6-hour
breeding period for the youngest group
of mosquitoes could have been the reason
for the lack of insemination, rather than
the age of the mosquitoes. Therefore,
another group of mosquitoes were allowed
to age for 3 to 4 days after emergence,
and then placed in three breeding cages
in the same combinations of 25 males and
and 25 females as described above. They
remained in the cages for 6 hours; then

TasLe 4.—Effects of age on insemination of 4. polynesiensis and A. albopictus.

Test No. @ @ exam, No. ? Q inseminated at indicated
No. Cross * per age group no. of hours after emergence
6-12  12-18 1824 24-30 3036
1 2QPxd A 25 0 0 3 9 15
Pz 4P 25 o 5 2 18 22
2QAx3 A 25 0 0 0 0 4
2 QPr &P 25 0 4 3 15 17
QAx 3 A 25 0 0 0 0 0

A==albopictus; P=polynesiensis.
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the females were removed and examined
for sperm. The insemination rates of the
females in these crosses were as follows:
A. polynesiensis alone, 24 percent; female
A. polynesiensis x male A. albopictus, 28
percent; A. albopictus alone, 88 percent.
Thus the 6-hour breeding period was long
enough for all but a few A. albopictus
females to be inseminated, which is a
marked contrast to the results obtained
with the females which had spent the first
36 hours of adult life with their own
males.

The third test consisted .of a series of
observations in which A. polynesiensis
and A. albopictus adults were removed
* from the emergence tubes or jars at 2-
hour intervals. They were obtained from
larvae which were reared simultaneously
in pans placed on a rack in a corner of an
air-conditioned room. Thus environmen-
tal conditions were identical for both
species. The females were placed in pint-
or gallon-sized gauze-covered cartons.
Males which had emerged 1 to 3 days
earlier were added to the cartons, at a
ratio of 2 males per female. Starting at
18 to 20 hours, the females were removed
from the breeding cages and examined
for the presence of sperm in the sper-
mathecae.

The results, presented in Table s, con-
firm those of the first test, Most of the
A. polynesiensis females became insem-
inated during the first day of adult life,

whereas there was a delay of about 2 days
before a significant proportion of the
A. albopictus females became receptive.
Also, as shown in the first test, as well
as by Gubler, the day-old 4. polynesiensis
females can be inseminated by A. albo-
pictus males. Thus it appears that the
female determines whether there is to be
a successful transfer of sperm. One should
note also that the young adule 4. poly-
nesiensis males were able to inseminate
the females.

DISCUSSION

Gubler (1970) has demonstrated that
ir caged competing populations, when
A. albopictus males outnumber A. poly-
nesiensis males by a ratio of 3 to 1 or
more, there is a marked reduction in the
fertility of the A. polynesiensis females
as a result of cross-insemination. In our
experiments also, A. albopictus males
readily inseminated A. polynesiensis fe-
males in the presence of their own females.
However, under the conditions of our
experiments, A. polynesiensis females were
less receptive to A. albopictus males than
they were to their owh males. Thus, al-
though 4. polynesiensis females may be
overwhelmed by a preponderance of the
highly aggressive 4. albopictus males, our
observations suggest that to some extent
at least, they are capable of mating selec-
tively with their own males.

TABLE 5. Age at insemination of 4. polynesiensis and A. albopictus females.

Q polyx & poly

Q albox & albo Q polyx & albo

Age of _— —

female No. % No. % No. %

(hours) diss. pos. diss. pos. diss. pos.
18—20 15 86.4
20-22 19 79.0 e
22-24 26 84.6 o ..
24-26 31 71.0 43 0 12 41.7
28-30 .. 32 3.1 ..
40—42 15 0

44-46 16 12.5

46-48 44 38.6

48-50 .. 26 34.6

64-74 14 100 71 84.5
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Our results are similar to those ob-
tained by Gwadz and Craig (1968) in
that there was a delay of about 48 hours
after emergence before A. albopictus fe-
males became inseminated. These authors
suggest that the delay in insemination is
a ‘mechanism whereby the sexes from
different areas may become mixed, and
so reduce the frequency of inbreeding of
small local populations. We also con-
firmed Gubler’s finding that a high per-
centage of A. polynesiensis females be-
come inseminated within 24 hours after
emergence. This still is enough time for
some dissemination and mixing to occur,
but the difference in time suggests the
existence of age-dependent selection mech-
anisms. Thus, the partial selective ability
noted above may be more effective in the
young adults. Young A. polynesicnsis
adults may find each other before the
females begin their host-secking flight,
during which they would encounter alien
males.

Gwadz and Craig also point out that
early insemination at the breeding site
could adversely affect the ability of intro-
duced males to inseminate females of the
target species in a control program. Thus
a knowledge of the factors involved in
selective mating and insemination be-
comes of considerable importance.

SUMMARY AND CONCLUSIONS

Single Aedes albopictus males were
shown to be capable of inseminating as
many as cight 4. albopictus females in
pint-sized containers. In 1-cubic foot
cages they also readily inseminated fe-
males of A. polynesiensis, whether their

own females were present or not. How-
ever, even in the presence of large num-
bers of A. albopictus males, a considerable
proportion of the A. polynesiensis females
were not receptive. These proportions of
uninseminated females ranged from 20 to
27 percent when male to female ratios
ranged from to 2:1 to 6:1. A. polynesien-
sis females were more receptive to their
own males; thus it appears that sclective
mating can occur even when large num-
bers of the aggressive A. albopictus males
also are present.

Few adult 4. albopictus females became
inseminated until they were about 48 hours
old, whereas 6o percent or more A. poly-
nesiensis females  became  inseminated
within 24 hours after emergence. This
difference in the age at which insemina-
tion takes place suggests the existence of
selection factors, which may in part be
age dependent, in that the young adult
A. polynesiensis females may be insem-
inated by their own males before exten-
sive flight activity brings them into con-
tact with alien males.
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