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MATING AND NUTRITIONAL STATE AFFECT THE
REPRODUCTION OF AEDES ALBOPICTUS MOSQUITOES
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ABSTRACT. Mated female A edes albopictus mosquitoes that were maintained after emergence without
carbohydrate were more likely to develop eggs after a small blood meal than were unmated females
-"i"tui""a on the same diet. The effect was-due to male accessory gland substances transferred to the
female during mating. Neither the endogenous reserves of protein-and lipid. nor the number of eggs
developed pei volum6 of ingested blood differed between mated and unmated females,-suggesting-that
ttt" "titi*ttio" of existing ti."*"* was altered by mating. Methoprene administered to both mated and
""-ut"a females that irigested small blood meals reduied the likelihood that egg development would
occur. Small volumes of b"lood were more Iikely to trigger oogenesis in both mated and unmated females
if their abdomens were additionallv distended.

INTRODUCTION

The mosquitoes Aedes aegypti (Linn.) and
Aedes albopictus (Skuse) are related species that
occupy similar ecological niches. The distribu-
tion of both species has increased as a result of
their ability to colonize containers in and around
human habitats. When their distributions have
overlapped, one of the 2 species has generally
been supplanted (Gilotra et al. 1967, Mogi et al.
1988, Hobbs et al. 1991), but the ecological cir-
cumstances under which one species might be
replaced by another are difficult to predict. The
competitive interactions between the larvae of
these species have most often been used to ex-
plain their distribution patterns (Macdonald
1956, Moore and Fisher 1969, Black et al. 1989).

When maintained on carbohydrate-restricted
diets, Aedes albopiretus is more likely to produce
eggs after ingesting small blood meals than is
Aedes aegypti (Klowden and Chambers 1992).
Although some of this difference may be due to
the longer Iarval period of Ae. albopirtus thaL
allows it to accumulate greater lipid and glyco-
gen reserves, it appears that the adult reproduc-
tive metabolism of the two species is different,
a difference that may partially explain the out-
come of competitive interactions. In this study,
the reproductive metabolism of Ae. albopicttt's
was further explored, with an examination of
the relationship between nutritional state and
the male accessory gland substances that are
contributed during mating.

MATERIALS AND METHODS

The Ae. albopictus colony was obtained from
individuals originally colonized in Lake Charles,
Louisiana. Larvae were reared at 27"C and fei
daily until pupation with increasing amounts of
powdered rat chow-lactalbumin hydrolysate-
brewers yeast (1:1:1 by weight). Both larvae and
adults were raised under a 14:10 (L:D) photo-

period, and starved adults were maintained at
80Vo RH with access to only water from cotton
wicks. Sugar-fed adults were fed a 10% sucrose
solution. Approximately l0% of the stock pop-
ulation developed a first batch of eggs autoge-
nously, but only when the females were provided
with sucrose after emergence. Autogeny was
never observed in the experimental groups that
did not ingest carbohydrate.

Accessory reproductive glands were removed
from 4-day-old unmated, sucrose-fed males and
implanted into the abdomens of unmated fe-
males through a slit in the arthrodial membrane.
The wounds were sealed with molten paraffin.
In controls, the arthrodial membrane was
opened and immediately sealed. Adult females
were given measured amounts of heparinized rat
blood administered as enemas (Briegel and Lea
1975). They were dissected and examined for
eggs 2 days later.

Nutritional reserves of carbohydrate and lipid
in individual mosquitoes were assessed by the
methods of Van Handel (1985a, 1985b) per-
formed as described previously (Klowden and
Chambers 1992). Total protein in mated and
unmated females was determined by first soni-
cating individual mosquitoes in 0.01 N NaOH,
centrifuging to pellet insoluble portions, and
assaying an aliquot of the supernatant by the
method of Bradford (1976) based on a standard
curve of bovine serum albumin.

Statistical differences between the responses
of experimental groups were determined by
transforming percentages to their arcsine values
and testing for their equality (Sokal and Rohlf
1969). Regression lines were compared by the
method of Gomez and Gomez (1984).

RESULTS

More than 90% of the mated Ae. albopictus
females that were maintained on water for 4
days after emergence and then fed 1 1tl or more
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ofblood developed eggs. Oogenesis was initiated
in about 207o of the mated population even when
as little as 0.1 pl of blood was ingested (Fig. 1).
However, unmated females had a much higher
threshold for oogenesis, requiring 0.25 pl or more
of blood before eggs were produced. Increasing
volumes of blood up to 1 pl initiated oogenesis
in an increasing proportion of the unmated pop-
ulation, but significantly fewer developed eggs
compared with mated females given the same
volume of blood (Fig. 1). Although there ap-
peared to be significant differences in the re-
sponse of mated and unmated females to blood
ingestion, the relationship between the number
of eggs produced and the volume of blood in-
gested did not differ significantly between mated
and unmated females (Fig. 2).

To determine whether the difference in their
response to blood ingestion may have resulted
from differences in their nutritional reserves.
mated and unmated females were analyzed for
total glycogen, Iipid and protein. Glycogen con-
tent was significantly greater in unmated fe-
males, but the low Ievels found in both mated
and unmated females were not biologically
meaningful. In contrast, there were no signifi-
cant differences between the much larger lipid
and protein reserves in mated and unmated
females (Table 1).

Because it appeared that mating affected egg
development, single accessory glands from male
Ae. albopictus were implanted into unmated Ae.
albopictus females, which were then given 0.5 prl
of blood by enema. As shown in Table 2, the
implantation of the glands significantly in-
creased the ability of the unmated females to
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Fig. 1. Effect of increasing blood meal size on the
percentage of mated and unmated Aedes albopictus
that developed eggs. The percentages for mated and
unmated females differ significantly (P < 0.05) with
blood volumes of 1 pl and below. Vertical bars repre-
sent standard errors.
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Fig. 2. Effect of increasing blood meal size on the
number of eggs developing per female in mated and
unmated Aedes albopictus. The regression lines for
mated (Y : 17.6 + 22.5X; 12 : 0.98) and unmated
(Y : 25.6 + 16.9X; r'� : 0.92) females did not differ
significantly (s:2.04; P > 0.05). Vertical bars repre-
sent standard errors.

Table 1. Whole body glycogen, lipid, and protein of
mated and unrnated Aedes albopictus females

maintained on water for 4 days following emergence.

Micrograms/female + SE

Treatment Glycogen Lipid Protein

Mated 5.5 + 0.7'*
Unmated 8.5 + 1.0b
* Values followed by the same letter within a col-

umn ate not significantly different (P > 0.05); n : 60
for all treatments.

Table 2. Effect of whole male accessory gland (MAG)
implants ftom Aedes ahopictus or Ae. aegypti into

unmated Ae. albopictus females. Following
implantation, the hosts were given 0.5 pl ofblood.

Percentage
with eggs

(+sE)
Sham-operated controls 22.7 + 6.3
MAG from Ae. albopicttts 47.6 + 10.9*
MAG from Ae. aegypti 13.3 a 8.8

* Indicates a significant difference from controls (P
< 0.05).
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develop eggs. However, unmated Ae. albopictus
implanted with a male accessory gland from Ae.
aegypti were not affected, and their response to
blood did not differ significantly from sham-
operated controls.

Abdominal distention provides nervous sig-
nals that affect oogenesis differently in mated
and unmated Ae. aegypti (Klowden and Cham-
bers 1991). Mated and unmated Ae. albopictus
were given either their threshold blood volumes
for oogenesis (0.1 pl for mated and 0.25 pl for
unmated). or an additional volume of saline
along with the blood to provide a total meal
volume of 1 pl. The percentage with egg devel-
opment was increased in both mated and un-
mated females by the additional abdominal dis-
tention from the extra saline in the meal (Table
3) .

To determine whether the juvenile hormone
analog methoprene affected egg development,
either 1.0 or 0.1 pg of methoprene was applied
to the abdomens of mated and unmated mos-
quitoes shortly after they were given 1 pl of
blood. As shown in Fig. 3, topical application of
methoprene reduced the proportion of both
mated and unmated Ae. ahopictus that devel-
oped eggs from the blood.

DISCUSSION

Components of the male accessory reproduc-
tive gland affect the reproductive metabolism of
starved Ae. albopictus females, allowing them to
redirect resources and develop eggs that would
otherwise not be produced (Fig' 1). These acces-
sory gland components do not appear to act by
affecting the pool of metabolic reserves, because
although glycogen levels were actually greater
in unmated females, perhaps because males
caused the mated females to expend more energy
for flight, protein and lipid levels were not sig-
nificantly different (Table 1). Also, the numbers
of eggs developed per unit of blood ingested did
not differ between mated and unmated females
(Fig. 2). However, mating or accessory gland
implantation increased the probability that eggs
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Fig. 3. Effects of topically applied methoprene on
mated and unm ated Aedes albopictus females that were
fed 1 pl of blood. Controls received the same amount
of blood but were treated with acetone only. Vertical
bars represent standard errors.

would develop from a small blood meal (Fig. 1,
Table 2). Therefore, a mechanism of male'
induced oogenesis similar to that previously
described for Ae. aegypti (Klowden and Cham-
bers 1991) appears to also be present in Ae.
albopictus.

It is generally believed that male-derived sub-
stances in insects are broken down and directly
utilized or incorporated into the eggs of the
female (Young and Downe 1987, Boggs 1990).
However, the present data suggested that in
mosquitoes, male accessory glands specifically
affected the reproductive metabolism of the fe-
male and directed the manner in which existing
reserves were utilized. Glands ftom Ae. aegyptl,
which were unlikely to differ significantly from
those of Ae. albopictus in the total raw materials
they contained, did not stimulate this male-
induced oogenesis in Ae. albopictus (Table 2),
although glands of Ae. albopictu.s ate active in
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Table 3. Effect of abdominal distention on oogenesis in mated and unmated A edes albopictus receiving

equivalent volumes of blood.

Percentage with eggs (tSE)

Treatment Blood alone*
Blood and

n saline* n Significance

L--_]UNMATED
NSluerso

Mated females
Unmated females

19.7 r 3.5
5.1 + 2.5

2861
55

46.4 x.9.4
33.3 I 8.2

P < 0.05
P < 0.05

* Mated females received 0.1 pl of blood or 0.1 rrl of blood plus 0.9 pl of saline. Unmated females received

0.25 pal of blood or 0.25 pl of blood plus 0.75 pl of saline
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Ae. aegypti (Klowden and Chambers 1991). A
similar result was obtained by Leahy and Craig
(1965) who, in their study of male-induced ovi-
position, found an increase in egg deposition in
unmated Ae. albopictus females implanted with
Ae. albopictus male accessory gland, but not with
one from Ae. aegypti. Thus, although the signal
from the albopictus gland is recognized by
aegypti, the reverse is not true.

Because exogenous juvenile hormone and
methoprene appear to mobilize nutritional re-
serves in Ae. aegypti (Klowden and Chambers
1989), and juvenile hormone is a component in
the secretions of some insect male accessory
glands (Shirk et al. 1976, 1980), we speculate<i.
that juvenile hormone may be transferred by
male accessory gland secretions in mosquitoes.
However, contrary to our previous results with
Ae. aegypti where it was observed that juvenile
hormone elevated the percentage of unmated
females that developed eggs (Klowden and
Chambers 1991), exogenously applied metho-
prene inhibited oogenesis in Ae. albopictus (Fig.
3). If juvenile hormone is transferred to the
female in male accessory gland components and
is responsible for the increase in the ability of
mated Ae. albopictus to develop eggs, topical
doses of methoprene should not have the oppo-
site effect. Also, the specificity of the trans-
planted glands argues against an induction bv
juvenile hormone, especially because Ae. atbi-
plctus glands are effective in Ae. aegyptj (Leahy
and Craig 1965, Klowden and Chambers 1991).
These data do not support the hypothesis that
juvenile hormone transferred in male accessorv
gland secretions affected the metabolic prioritiei
in the nutritionally stressed mosquito.

Another difference between Ae. aegypti and.
Ae. albopictu,s is the interaction between mating
and abdominal distention. When blood meal
volume is kept constant and abdominal disten-
tion was increased, the percentage of Ae. aegypti
that develop eggs increases only in mated fe-
males (Klowden and Chambers 1991). In con-
trast, both mated and unmated Ae. albopictus
showed significant increases in the percentage
that developed eggs when their abdomens were
distended (Table 3). The mechanism by which
abdominal distention stimulates mosquito oog-
enesis is not known, but may represent a second
stimulus that acts along with humoral factors
from the blood and initiates oogenesis when the
quality of host blood is suboptimal.
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