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Using the technique described in this report, the presence or absence of sperm in spermathecae of
female Aedes aegypti is detectable without dissection. Spermathecae of a lightly anesthetized
female can be visualized by phase contrast microscopy through the distended abdomen, after the
intersegmental membranes are stretched by ventral placement of a glass cover slip. Most females
recovered after the procedure were capable of subsequent reproductive activities. Albeit tedious,
this technique preserves the female alive for subsequent experiments or observations. Its extension
to other mosquito species, or other Diptera and insects, will depend on spermathecal and sperm
visibility through the distended abdomen.
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1. Introduction

Insemination status in female mosquitoes is typically assessed by dissections. Traditionally,
the female is anesthetized and her genitalia with internal organs, including the spermathecae,
are removed with forceps or needles under a dissecting microscope. Sperm, if present, are
seen as a mass of threads in the spermathecae (Rosay, 1969). This traditional technique is
very useful and reliable for checking presence or absence of sperm, e.g., to assess the timing
of sexual receptivity after female emergence (Gwadz & Craig, 1968; Lounibos et al., 1996;
O’Meara and Lounibos, 1981) or of mating after mark-release-recapture field experiments
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(Lounibos et al., 1998; Reisen and Aslamkhan, 1979). However, the procedure is fatal to the
female, which cannot be kept alive for subsequent experiments or observations.

Females of most insects store and maintain sperm internally in the spermathecae (Gullan and
Cranston, 2010; Simmons, 2001). Sperm in the spermathecae remain viable for prolonged
periods of time, e.g., several years in the case of honey bees (Collins et al., 2004; Snodgrass,
1956) and ants (Tschinkel, 1987; Wheeler, 1960), and around one or two months in
mosquitoes (Christophers, 1960). Most insect species have a single spermatheca (Gullan and
Cranston, 2010; McAlpine et al., 1981), but the number of spermathecae varies from one to
three among mosquito species (Yuval, 2006). Aedes aegypti females have three
spermathecae (Christophers, 1960). Harbach and Knight (1980) prefer the term
‘spermathecal capsules’ for the reservoirs at the ends of the spermathecal ducts, which for
simplicity herein we call spermathecae.

The new technique described here that allows detection of sperm in spermathecae of live
insects, specifically in A. aegypti females, is facilitated by the distensibility of the female’s
abdomen. Each segment of the abdomen of an adult mosquito is connected laterally by a
pleural membrane, which continues unbroken throughout the length of the abdomen
(Christophers, 1901; Harbach, 2014). The intersegmental membrane connects the tergum
and sternum of adjacent abdominal segments (Harbach and Knight, 1980). The elasticity of
these membranes allows the abdomen to become distended when the female takes a blood
meal or when she is gravid and full of eggs (Christophers, 1960; Harbach, 2014).

2. Materials and Methods
2.1 Source of Aedes aegypti

Aedes aegypti were Fg progeny from collections in Key West, Florida. Mosquitoes were
reared and maintained in an insectary at 27°C, and 70 % RH, and 14L:10D day length as
described elsewhere (Bargielowski et al., 2013).

2.2 Sperm check

Each A. aegypti female was placed individually in a small cardboard container and lightly
anesthetized with chloroform for approximately 10 seconds. Under a dissecting microscope,
each female was placed ventral surface up on a glass slide, and the distal segments of the
abdomen were placed in a drop of water to facilitate abdominal distention and to create a
fluid medium for microscopic observations.

A square glass cover slip (15 x 15 mm), was lowered gently onto the abdomen, covering the
VI- VIII segments and the genitalia (Fig. 1). The pressure from the cover slip stretched the
pleural and intersegmental membranes. After the cover slip was positioned on the female’s
abdomen, spermathecae were observed under a phase contrast compound microscope, using
magnifications from 40 to 200x. In inseminated females, masses of motile spermatozoa were
seen within the spermathecae (Fig. 2, video). In uninseminated females, the spermathecae
appeared empty (Fig. 3). After checking for sperm, a few drops of water were applied with a
pipette to the edges of the cover slip to facilitate its removal with fine jeweler’s forceps.
Females were immediately returned to the individual containers and usually recovered from

J Insect Physiol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carrasquilla and Lounibos Page 3

the procedure in 30-60 minutes. If the first sperm check was inconclusive, because
abdominal distention was inadequate and/or spermathecae were not observed clearly, the
procedure was repeated two or three times.

2.3. Validation of the technique

Two experiments were performed. In the first, the tester received in individual containers 60
females, whose histories were known only to a second party. The samples consisted of A.
aegypti females that had been exposed for two weeks to conspecific males or two week old
virgin females. Each female was checked for insemination, as described previously. In the
second experiment, sperm detection was performed on A. aegypti females that had been
exposed previously for three weeks to A. albopictus males. Under these conditions,
approximately 50% of A. aegypti females from Key West are inseminated by A. albopictus
(Bargielowski et al., 2013). After spermathecal observation on 97 live females, each was
dissected by traditional, lethal techniques to compare results between the two procedures.
We included this interspecific cross for the validation of the technique, because of other
ongoing work in our laboratory (e.g., Bargielowski et al., 2013) and because this cross
provided blind samples of females, which might have been mated or not, from the same
cage.

2.4. Survivorship

An experiment was performed to assess female survivorship after the procedure. To obtain
specimens for a live sperm check, 150 A. aegypti females (Key West) and 150 A. albopictus
males (Fs, Vero Beach, FL), were exposed to one another for three weeks in a cage. After
spermathecal detections of live females, each was confined individually in a small cardboard
container and observed every 24 hours for three days. A female was considered healthy if
she was able to stand upright and fly. As controls, A. aegypti females exposed to the same
conditions without spermathecal observations, were transferred directly to the cardboard
containers and survivorship was assessed. All females had ad libitum access to a sugar water
solution.

2.5. Mating capacity

An experiment was performed to determine mating capacity after the procedure. The tester
received in individual containers four replicates of 20 females each, whose histories were
known only to a second party. The replicates included A. aegypti that had been exposed for
three weeks to conspecific males or three week old virgin females. Spermathecal
observations on live females were performed. After females diagnosed to be virgin
recovered from the procedure, each was exposed for 24 hours in an individual cage to two A.
aegypti males. As controls, virgin A. aegypti females without spermathecal observations
were exposed to two A. aegypti males under the same conditions. Four control replicates of
10 females were done. After 24 hours of exposure to males, traditional spermathecal
dissections were done to confirm if females had been inseminated. All females had ad
libitum access to a sugar water solution.
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3. Results and discussion

Experiments performed to validate the technique were completed successfully on the
majority of the females. In the first experiment, the procedure was performed on 60 A.
aegypti females, of which the presence or absence of sperm was resolved in 59, as 33
inseminated and 26 non-inseminated, for 100% accuracy. In the one unresolvable female,
spermathecae were not observable because the terminal abdominal segments were twisted
and the abdomen did not distend normally. In the second experiment, the procedure was
performed on 97 A. aegypti females exposed to A. albopictus males, of which the presence
or absence of sperm was resolved in 94, for 98.9% accuracy (50 females positive for sperm
in spermathecae and 43 females negative), as confirmed with the traditional dissecting
technique. The assessment was incorrect (false negative) in one female (1.1%). For the three
live females whose spermathecae were not observable, abdomens did not distend. The live
observation of the only misdiagnosed female was probably inaccurate because she had
relatively few sperm in only one of the small spermathecae. This mistake is not likely to
occur in intraspecific matings, in which usually the big and one or two of the small
spermathecae have sperm (Clements, 1999; Jones and Wheeler, 1965). In our observations
we have noticed that in interspecific matings between A. aegypti females and A. albopictus
males, females tend to store less sperm in the spermathecae, and patterns of spermathecal
use differ from intraspecific matings (Tripet et al., 2011). We validated the technique and
performed all our experiments with chloroform, however we anesthetized a few females
using carbon dioxide. Under carbon dioxide anesthesia we obtained good abdominal
distention and motile sperm were observable in spermathecae.

In the experiments performed to assess survivorship and mating capacity most females
remained healthy after the procedure. In the experiment in which survivorship was tested,
between 88 and 96% of the females subjected to the procedure survived with no apparent
negative impacts for at least three days afterwards (Table 1). The rest of the females either
died or were not able to stand upright and fly. Kaplan-Meier survival analysis showed no
significant difference in survivorship among the three classes: controls, inseminated and
uninseminated females (Log Rank test: X2 = 3.68 df =2, p = 0.159).

Although no significant differences were detected, the survivorship was a little lower in the
uninseminated females, possibly because when spermathecae looked empty we repeated the
procedure and the added manipulations may lead to a higher mortality. As we were applying
the technique, we noticed that it is usually easier and faster to confirm presence of sperm in
spermathecae rather than absence, as once sperm are observed the assessment is complete. If
the spermathecae appear empty, it is recommended to repeat the procedure using a bigger
glass cover slip (18x18 mm to 25x25 mm), which facilitates distention of the abdomen and
provides a better view. We use a smaller cover slip for initial observations because
spermathecae with sperm may rupture easier than empty ones. When spermathecae are
empty, breakage is unlikely. We also note that permanent access of caged females to sugar
water facilitates improved abdominal distention.

In the experiment in which mating capacity was tested, most virgin females were capable of
subsequent mating. After spermathecal observations were completed on live females, each
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uninseminated female (n=40) was exposed to two conspecific males. Approximately, 90 (+
14.1 SD) % of the females (n=36), survived and were able to stand upright and fly after their
exposure to males. Of these, an average of 94.7 (= 6.1 SD) % mated successfully as
evidenced by the presence of sperm in spermathecae. In the controls, 97.5 (£5 SD) % of the
females were inseminated.

To date we have successfully applied this technique only on A. aegypti females. Its use on
other mosquito species, or other Diptera and insects, will depend on spermathecal and sperm
visibility through the distended abdomen, female body size and sclerotization, size of fat
bodies and distensibility of the intersegmental and pleural membranes. This technique could
be useful for studies that perform other procedures (after assessing insemination) on the
body of the mosquito, e.g., experiments that examine the effect of mating status on body
cuticle traits, such as cuticular hydrocarbons (Polerstock et al., 2002; Wagoner et al., 2014).
In such laboratory studies, as it is necessary to keep the mosquito body for further
procedures, it is usually assumed that females are mated if they have been exposed to males.
With the new technique, if sperm presence is checked in live females, it will be possible to
confirm insemination status, keeping the intact body. Also, it would be feasible to study the
effect of mating status on chemical traits of field-collected mosquitoes. Detection of
insemination status in live females could also be valuable in behavioral studies, e.g.,
experiments that assess the effect of insemination on locomotor activity (Jones and Gubbins,
1978; Lima-Camara et al., 2014). In such studies, insemination status is usually verified
through dissections at the end of the experiment. This new technique would allow
determination of insemination status in live females before performing behavioral tests.

This technique could have potential use in colonization and rearing of mosquito species in
the laboratory, particularly those that are difficult to colonize or when few adults are
available to start a colony. For example, in species, such as Mansonia annulata, that have
low adult emergence rates in the laboratory (Samung et al., 2006), it would be particularly
useful to check if mating is taking place without losing adult females. Also, in experiments
in which mated females are required for subsequent observations, e.g., oviposition and
vertical transmission of arboviruses (Buckner et al., 2013), our new technique could be
potentially useful. Most females that recovered after our procedures were capable of
subsequent reproductive activities, but for purposes of colonization or arbovirus studies, it
would be important to assess blood feeding and egg laying capacities, after the in vivo sperm
check.

The few supplies and equipment needed are usually found in entomology laboratories.
However, the technique may be considered as tedious, needing to be performed with care on
each female, and sometimes it is necessary to relocate the cover slip several times on the
mosquito’s abdomen until a good view of the spermathecae is obtained. Thus, it does not
provide the quick assessment that is obtained with the conventional technique in which the
spermathecae are dissected away from other tissues. Our intention is not to compare this
new technique with the traditional dissecting technique, as the two have different
applications. This new technique allows confirmation of insemination status in live A.
aegypti females, a procedure that had not been available previously.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Glass cover slip lowered onto the distal segments of the abdomen, covering the VI, VII and
VI1I abdominal segments and the genitalia. Dotted line marks the edge of the glass
coverslip.
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Fig. 2.

The three spermathecae of A. aegypti, one large, and two smaller and lateral, are seen
through the extended abdomen. In this photo, the two spermathecae that cointain sperm are
pointed by arrows.
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Fig. 3.
Three spermathecae without sperm seen through the cover slip.
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Table 1

Percentage of healthy females after sperm check

Percentage of healthy females after sperm check
Female status (n) After 24 hours | After 48 hours | After 72 hours
Inseminated females (n=52) 96.1 94.2 94.2
Uninseminated females (n=56) 89.28 87.5 87.5
Control (n=20) 100 100 100
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