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SYNOPSIS

A description is given of a mating plug that can be observed
in recently fertilized females of Anopheles gambiae. This plug is
normally absorbed in the course of the 36 hours following fertiliza-
tion. Its presence in wild-caught mosquitos can be used for the
recognition of nulliparous females. It is shown that the proportion
of plug-positive and of unfertilized females in outside resting popu-
lations of A. gambiae was approximately doubled following the
application of a residual insecticide to houses. The technique of
dissecting and examining the mosquitos and a useful way of record-
ing the results are described.

The Formation of Mating Plugs

In recently fertilized females of Anopheles gambiae it is possible to
recognize a small plug of albumen-like material occupying and distending
the common oviduct. It is apparently secreted by the male mosquito
at the time of fertilization. This " mating plug ", which is about 0.5 mm
long, is shown in Fig. 1. In fresh preparations it appears as a solid trans-
lucent body standing out in contrast to the more opaque tissues of the
female genital tract (see Fig. 2 and 3). Its position in the specimens
illustrated, and to some extent its curved shape, is partly the result of
pressure on the distal part of the common oviduct during dissection.

The plug can be seen in wild-caught and in laboratory-bred mosquitos.
In nature, with the exception of a single unfed female which was found
to contain a plug, these bodies have been observed only in freshly fed
females with ovaries at stage II or III according to Christophers's classi-
fication. The plugs are absent in unfertilized mosquitos. In laboratory-
bred specimens, double plugs are sometimes formed (Fig. 4), which indicates
attempted fertilization by more than one male, presumably owing to the
confined space in a cage. This does not seem to occur in nature.

* This work was carried out under the administration of the East Africa High Commission. The
funds were provided by the East African Governments and by the Colonial Office from the research
allocation of the Colonial Development and Welfare Acts, acting on the recommendation of the Colonial
Medical Research Committee.
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FIG. 1. MICROPHOTOGRAPH OF A MATING PLUG IN A FEMALE A. GAMBIAE

The specimen has been dissected out of the common oviduct and stained with eosin. The upper
end In the photograph represents the inner end within the mosquito.

Table I shows the results of laboratory experiments in which males
and females were put together for one night or part of one night only.
The experiments showed that plugs were invariably present shortly after
mating, that they were still found in approximately 80% of females when
these were dissected on the morning after fertilization, but that they were
practically all absorbed by the second morning. The small numbers found
after 36 and 60 hours were mainly observed to be double plugs. Thus,
to all intents and purposes, the plug was only found in mosquitos dissected
on the day following fertilization.
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FIG. 2. MICROPHOTOGRAPH OF A MATING PLUG
IN THE COMMON OVIDUCT, APPROXIMATELY 16 HOURS AFTER FERTILIZAldION

Wild-caught specimens of other species have also been examined for
the presence of mating plugs. In A.funestus, it was thought at first that they
were absent, but closer examination has shown that in this species the
plug is relatively smaller and rather more friable and adherent, so that
it tends not to be pushed up during dissection into the visible proximal
part of the oviduct. In A. longipalpis, a plug somewhat similar to that
seen in A. gambiae has been observed. On the other hand, a number of
apparently nulliparous females of several other species of Anopheles have
been examined without any plugs being found.
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As far as the writer is aware, such bodies have not previously been
observed in mosquitos. But in other orders of insects, notably certain
Lepidoptera and Orthoptera, an analogy is to be found in the " spermato-
phragma " applied to the externalia genitalia of the female by the male
during copulation (Khalifa 1). It has been shown that this external seal
is formed by the hardening of the secretion of the male accessory glands.
These glands are also responsible for the formation of internal copulatory
plugs in the honey-bee (Rothschild3). The mating plugs in anopheles
may have a similar origin. Their function is not clear. However, it is
evident from the specimen depicted in Fig. 4 that the plug effectively
prevents fertilization by more than one male, at least until it has been
absorbed.

FIG. 3. CAMERA LUCIDA DRAWING TO ILLUSTRATE THE POSITION OF THE
MATING PLUG WITHIN THE COMMON OVIDUCT AS IT APPEARS FREQUENTLY
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FIG. 4. MICROPHOTOGRAPH OF A DOUBLE PLUG STAINED WITH EOSIN

A tangled mass of dead sperms can be seen at the point of impaction of the second plug, which
lies below and to the left.

TABLE I. INCIDENCE OF MATING PLUGS IN FEMALE A. GAMBIAE DISSECTED
AT VARYING INTERVALS AFTER FERTILIZATION

Interval in hours between fertilization l l
and dissection 1 -4Y2 12 36 60

Number examined 102 220 116 32

Number with plugs 102 171 10 1

Percentage with plugs ] 100 78 9 3
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The Plug as an Aid to Age-grouping

The presence of the plug in wild-caught females indicates that mating
took place the previous night, and it provides an objective character for
recognizing one section of the nulliparous population. If recently fed
females are dissected they can readily be divided up into three categories:
(a) unfertilized, (b) fertilized, plug-positive, and (c) fertilized, plug-negative.
Categories (a) and (b) are obviously entirely nulliparous. But, since the
plug is absorbed during the 36 hours following mating, not all nullipars
will be recognized by these characters, and some will be included in the
plug-negative group. Several factors may contribute to this result.

(a) The effect of temperature. There is some evidence that higher
temperatures cause more rapid absorption of plugs. Under hot climatic
conditions degenerating plugs are sometimes found.

(b) The time of fertilization. On the East African coast, two blood
meals are normally taken during the first cycle and the majority of females
mate after the first feed. Most of the nulliparous females will be recognized
therefore, after their first feed, by being unfertilized and, after the second,
by the presence of mating plugs in some 80% of them. In the South Pare
district of Tanganyika, on the other hand, while some females apparently
require only one blood meal, those taking two blood meals are very often
fertilized before the first feed, so that by the time they have fed twice the
plug will have been absorbed.

For these reasons the recognition of mating plugs does not provide
a method for estimating the total proportion of nullipars in a mosquito
population. However, as a means of comparing the age structure of
A. gambiae populations under different conditions as, for instance, before
and after house-spraying with residual insecticides, the method may be
of value. The results of applying it to an assessment of the effects of a
residual-spraying campaign are shown in Table II, where the proportion
of unfertilized and of plug-positive females among recently fed A. gambiae,
caught resting outside in box shelters, is set out. While there is some
variation in this proportion from week to week, mainly attributable to
variations in the output of new emergences from breeding sites, it is clear
that the younger age-groups were on average more than twice as numerous
after house-spraying as before.

This method is only a step towards a satisfactory and reliable technique
for assessing the age composition of mosquito populations. Nevertheless,
it has the merits of exactness and simplicity, as far as it goes, and is readily
learnt by laboratory assistants. The determination of the age structure
of the plug-negative group of females can be attempted by means of other
qualitative characters or by measurement of the ampullae. Both methods
by themselves have drawbacks. It is suggested, however, that a combina-

456



RECOGNITION OF NULLIPAROUS FEMALES OF A. GAMBIAE

TABLE 11. INCIDENCE OF UNFERTILIZED AND OF PLUG-POSITIVE FEMALE A. GAM-
BIAE CAUGHT IN OUTSIDE SHELTERS BEFORE AND AFTER RESIDUAL HOUSE-
SPRAYING WITH DIELDRIN IN THE SOUTH PARE DISTRICT OF TANGANYIKA

Week-ending 27Aug.- 15 22 28 5 12 26 5 17 24 28 4
(1955-56) 17 Sept. Oct. Oct. Oct. Nov. Nov. Nov. Dec. Dec. Dec. Jan. Feb.

before spraying after spraying

Number
dissected 59 90 445 479 522 394 477 444 118 127 55 177

Percentage
unfertilized 12 2 6 3 5 4 6 3 8 13 11 10

Percentage
plug-positive 7 13 25 12 13 31 66 42 23 53 14 16

Combined per-
centage unfer-
tilized and
plug-positive 19 15 31 15 18 35 72 45 31 66 25 26

tion of the two methods, grafted onto the technique of plug recognition,
may produce results superior to any single method applied by itself.
And once the proportion of " missed " nullipars has been assessed in any
particular region, it should be possible to correct the numbers of plug-
positive females by the appropriate factor in order to yield the true total
of nullipars in the whole population.

Technique

Recently fed females are dissected in normal saline. The ovaries should
be extracted without tearing the oviducts and examined under a coverslip.
The degree of ovarian development should be recorded first, as exactly
as possible, using the finer categories defined by Macan.2 The sperma-
theca is examined next, and the common oviduct scrutinized under the
low-power objective. The plug is usually readily visible, but it is sometimes
necessary to exert gentle pressure on the coverslip with a dissecting needle
while the preparation is being examined. This will make the plug more
visible and demonstrate its solid nature. After a few plugs have been seen,
no difficulty should be experienced in recognizing them.
A useful way of tabulating results is set out in Table III. In using

these sub-divisions of the ovarian stages, it has been found that a variable
proportion of plug-negative females with ovaries at stage III are nulli-
parous. But those at late stage II without plugs are very commonly newly
emerged, while all females with less developed ovaries, i.e., most of those
at mid stage II and nearly all of those at early stage II, are very young
females. In this table therefore all the older age-groups are contained
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TABLE III. SCHEMA FOR RECORDING THE RESULTS OF DISSECTIONS
TO ASCERTAIN THE AGE STRUCTURE OF A MOSQUITO POPULATION

Sperm-positive
Stage Sperm-negative

plug-positive plug-negative

or early 11

Mid 11

Late

Ill

Early stage 11 = Yolk present, only visible under high-power objective.
Mid stage 11 = Yolk readily visible under low-power objective.
Late stage 11 = Yolk visible under binocular dissecting microscope (low power).
Stage Ill = Yolk occupying more than half of the follicle.

within the lower right-hand spaces. A glance at the results set out in this
way gives some immediate information on the age composition of a
mosquito population.
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R1tSUME

Chez les femelles d'Anopheles gambiae recemment fecondees, on peut distinguer
dans l'oviducte obstrue et distendu, un bouchon de matiere solide transparente, de
0,5 mm de longueur, probablement secrete par le male sit6t apres la f6condation. Ces
formations n'ont ete observ6es dans la nature (sauf un cas) que chez les femelles recem-
ment gorgees, dont les ovaires etaient aux stades II et III de la classification de Christopher.
Elles sont resorbees au cours des 36 heures qui suivent la f6condation et n'existent pas
chez les femelles non fecondees.

L'auteur decrit pour la premiere fois ces formations chez les moustiques. On en
connait d'analogues chez les lepidopteres, les orthopteres et les abeilles.

L'obturation de l'oviducte par cette substance transparente permet de reconnaitre
une cat6gorie de nullipares - celles qui ont 6te fecondees au cours des heures pre-
cedentes. Une certaine proportion de nullipares - celles qui sont examinees apres
resorption de la substance obturante - chappe a la numeration. Aussi cette methode
ne permet-elle pas d'evaluer exactement la proportion de nullipares dans une popula-
tion de moustiques. Elle donne toutefois la possibilite de comparer la structure par age
d'une population de A. gambiae, avant et aprbs pulverisations d'insecticides, par exemple.
C'est ainsi que l'auteur a etudi6 l'influence sur la structure par age, de la population,
en determinant avant et apres pulverisations, la proportion de femelles nullipares (non
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fecondees et a oviducte obture) parmi les femelles recemment gorgees, au repos hors
des habitations. I1 a constate que les femelles jeunes etaient deux fois plus nombreuses
apres les pulverisations qu'avant.

La mise au point de cette methode ne represente qu'une &tape dans 1'elaboration
d'une technique permettant de determiner la composition, par age, d'une population
de moustiques. La structure par age du groupe des femelles dont l'oviducte n'est pas
obture peut etre etablie par d'autres moyens. C'est en combinant diverses techniques
que l'on parviendra probablement a determiner le nombre reel de femelles nullipares
dans une population de moustiques.
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