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6 Acta Trop., XIX, 1, 1962 - - Medical Entomology
III. Material and Technique.

The mosquitoes used in the present studies were exclusively Anopheles ma-
culipennis afroparvus (v. THEL), obtained from the laboratory colonies of the
Swiss Tropical Institute.

A. Technique used in the morphological and histological work.

For studies on the morphology and distribution of the sense organs in
the antennae, adull Anopheles of both sexes were killed with ether and their
heads cleared in 10% polassium hydroxide for 24 hours. Then the antennac
were separated, washed in distilled water and mounted in Puri solution. They
were mounted in between (wo cover slides in order to be able to examine the
antennae from both sides.

IFor histological examinations the mosquitoes were fixed in Duboseq fluid
for 6 hours, dehvdrated in alcohol and butyl alcohol, then the antennae were
cut off and sectioned 3 lo 5« thick in paraffin wax (melting point 58°C). Two
staining methods were used; Delafield’s haematoxylin, counterstained with Iry-
throsin; and IHeidenhain haematoxylin.

All the drawings were made with the help of a drawing mirror, projecting
the segments with their sense organs or the sections from the microscope on
to the paper in darkness with magnifications of 700> and 3,500,

B. Technique used in the experimental work.

Physiological condition of female mosquitoes used in the experiments:

THOMSON (1938), working on Culex fatigans, found that in many cases the
type and intensity of reactions towards temperature and humidity vary accord-
ing to whether the mosquiloes are newly emerged, starved or blood-fed. We
could confirm this for Anopheles. It is thus essential, in order to obtain more or
less accurale results in such experiments, lo use mosquitoes which are in the
same physiological condition. The following precautions were taken to ensure
this.

Immedialely after the adulls emerged, they were fed on honey solution, and
about 5 to 8 days later they had one blood meal, which was found to be neces-
sary in order lo obtain continuously and regularly the large amount of mos-
quitoes needed for the experiments. RAHM (1956-58) in his experiments on the
attraction of female Aedes aegypti employed individuals which had had one
blood meal, and they were also quite aclive towards the attractive stimuli used
for test purposes.

The honey solution was removed from the breeding cage for one day. Then,
a hand was inserted into the cage and the most active females which landed on
the hand and tried to feed were taken away by means of an aspirator. Amputa-
tion of the antennal segments followed. The mosquitoes were left to recover
from the operation until the next day, when they were used in experiments, On
that day, the mosquitoes, aged between 15 and 20 davs, had all been starved
for two days, and moreover they were in a state of “reaction preparedness™—
although the reactions of one group of mosquitoes sometinmes showed consider-
able differences in successive tests (see page 34).
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Anaesthetizing and dissecting method:

To immobilize the mosquitoes before amputating various segmenls of their
antennae, we tried at the beginning to use low temperature which had proved
effective with Tenebrio molitor (P1eLou, 1940), Drosophila melanogaster (PERT-
TUNEN and SYRJAMAKI, 1958) and Aedes aegypti (Ranst, 1958). With our Ano-
pheles species, however, it was unsuccessful. The mosquitoes used lo recover
very quickly before amputation could be completed, and even in the few seconds
during which they were immobilized their antennae were not motionless *. For
this reason, we adopled the technique, formerly used by RoTH (1948) on Aedes
aegypti. of anaesthetizing our Anopheles females with carbon dioxide.

Fig. 1. The anaesthelizing and dissecting apparatus. From the gas cylinder (left)

‘arbon dioxide flows through a rubber lube divided into two lines. One line

(at the bottom) leads lo the aspirator which contains the mosquitoes, and the

second line (al the top) passes through a gas washing bottle (containing water)

to the binocular dissecting microscope (right) where the mosquitoes were oper-

ated on under continuous anaesthesia. An experimental cage is shown on the
left side. S; = front base; S, == rear base.

The anaesthelizing and dissecting apparalus was made as follows (Iig. 1):
The stage of a binocular dissecting microscope was removed and replaced by a
wooden plate with a circular opening in the middle. A piece of wire screen was
fixed in the opening on which a small square filter paper was laid; a conical
funnel was attached underneath the opening. Carbon dioxide obtained from a
compressed gas cylinder passed through a rubber tube divided by a *Y” tube
into (wo lines. One line led to the conical funnel after passing through a gas

rashing boltle which indicated the speed of the gas flow by bubbles in the
waler, and the other line led to an aspirator contlaining the mosquitoes. To

1 Own experiments on immobilizing female Aedes aegypti with low tem-
perature gave positive results.
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anaesthetize the mosquitoes a pincheock elamp on the second line was openced
to permit a slow flow of carbon dioxide. The anaesthetized mosquitoes were
then transferred to the wire sereen and the pincheock clamp was closed. The
gas flow was diverled to the other line so that the anaesthetized mosquiloes
were completely surrounded by the gas and were under continuous anaesthesia.
30 to 35 mosquitoes were used cach time; with a larger number the wire screen
would have been overcrowded, and some mosquitoes had to slav longer under
anacsthesia, which could have had a fatal effect.

To amputate the different antennal segments, 5 moscquitoes were removed
at a time from the wire screen and placed on the while square filter paper. The
operation was carried out on them, one by one, with the help of two sharply
poinled foreeps, used by walch makers. It look only a few seconds to operale
on one single mosquito, and when the five had been finished, they were removed
and placed in the experimental cage. At the same time, another 5 mosquiloes
were taken awayv [rom the wire screen without being operated on and put in
another similar cage to be used as controls. By treating the control mosquitoes
as well with carbon dioxide, we avoid differences in behaviour (if any) due lo
the effect of the gas. Amputaled and control mosquitoes were lransferred in
lheir cages to the breeding room where they were kepl overnight to recover
before being used in the experiments on the next day.

The experimental apparatus:

Our apparalus is in principle the same as the olfactometer described by
WiETING and Hosxkins (1939), in which the stimulating factors are carried in
an air stream. We also incorporated the modifications of Wirris (1947) and
LAARMAN (1955) for passing the air stream over a part of the host and testing
its effect on the behaviour of female mosquitoes. Certain further modifications
and simplifications were devised for the purpose of this work.

The apparatus (Fig. 2A) consisls of an electric pump (P} drawing outdoor
air into the circuit of the apparatus. The air was passed through a cotton filter
pad in a flask (FIL,) to eliminate all droplets of oil used for the lubrication of
the pump, and its flow was regulated by means of a valve (V) hefore passing
over the palm of the hand (1) in the glass cylinder (). The hand was fixed
by means of a plastic membrane (PM), and the glass eyvlinder was added only
when the chemical stimuli emitted from the hand were needed 2. The velocily
of the air stream was checked by means of a flow-meter (I'M) before and during
the running of every lest. After the air had been checked, it passed through
glass helices (GH) in a water bath (WDB) with a thermostat, for heating the air
stream, and finally it was discharged through a widened glass outlet tube (OT),
with an opening of 1.7 em in diameter into the experimental cyvlindrical cage
(CC) which contained the mosquitoes. When the air had lo be moislened, a
humidifying flask (FL,) was inserted in the line; when it had to be dried, a
flask with silica gel was inserled. In both cases, the flask was inserted before the
flow-meter (FM).

The experimental cage as seen on the left side of IMig. 1 is eviindrical in shape
with a length of 30 em, diameter of 22 ¢m, and is made mainly out of wire-gauze
screen, excepl for the two bases. The front base (S,) facing the observer is made
of wood with a square glass window measuring 11 > 11 cm in the middle to al-
low visual recording of the mosquito reactions, while the rear base (S,}, where
the air slream enters, is also made of wood, except that the port consists of a

# The hand was washed about 15 minutes before the beginning of each ex-
periment with pure waler to avoid any possible external odour.
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Fig. 2. A. The (‘\'])(‘l‘il]l(llldl apparalus. P == electric pump; FL, = flask contain-

ing a ('otton pad; V == valve for regulating the rate of flow; (i == glass cylinder;

H == hand inserted in the glass (\lmdv PM = plastic mcmlnanv' FlL, = fldS]\
containing either waler for llunu(llt}lng or 5111&1 gel for drving; If M = air
current flowmeter; WI =: water bath; GH = glass helices; OT == outlet tube;
W( = wooden cover enclosing the cage with a glass side facing the observer;
C.(; == eylindrical cage; O == observer; L. == lamp of 25 W. B. The aspect of the
experimental cage before the oullet as seen by the observer. CP = cage port;
D — diaphragm (diameter of 4 ¢mj; 10 == air inlet opening (diameter of 1.7 cm).

wire-gauze screen with a diameter of 12 em. As viewed by the observer (Fig. 2B),
the cage’'s port (CP Jhas a diaphragm (D) of 4 ¢m in the cenltre on which the
opening of the outer tube (OT) was fixed (10) by means of a plastic screw-cap.

During the experiments, the cage with the amputated or control mosquitoes
was closed by a well-fitted wooden cover (W), to climinate the influence of
the observer (O) on the mosquitoes, so that their reactions would be due only
to the effect of the experimental factors used. The side of the cover facing the
observer was, like the cage, made out of glass for the same purpose of permit-
ting visual recording. A small lamp of 25 W. (L) was placed behind the water
bath to illuminate the port and diaphragm.

Our apparatus was constructed for only one line of air stream, instead of
[wo (as used by olher authors), in order to enable a single person, who was al
[he same time using one hand to perform the experiments, lo make a more or
less accurate record of the mosquito reactions.

As recommended hy LAARMAN (19551, a short time was allowed 1o elapse after
the air current had been started and before any observations were recorded;
this was done lo ensure a steady air current, The air flow was discharged from
the outlet against the gauze of the mosquiloes’ cage al a conslant rate of 3 litres
per minute, and the exhausted air escaped through an opening in the top of the
wooden cover. The temperature and relative humidity of the air stream were
checked at the air oullet before and after the beginning of each tesl. In all our
cxperiments only two lemperature degrees were used: 33.5-34.57C, which closely
approximates to the temperature of the human hand (WirrLis, 1947}, and 25-26°C
which is equal to the experimental room temperature. To achieve these two
degrees at the air outlel, we had to regulate the temperature of the water bath.
We invariably found a difference in temperature between the air stream and
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the water bath. IFFor this reason the thermostat was constantly regulated. As for
the relative humidity, the humidifving flask was set to load the air current with
a relative humidity of 75-85%, while the silica gel was used to dry it to 15-25%.

The experiments with certain airborne factors were performed on several
groups of mosquitoes, each with a different number of antennal segments miss-
ing. The reaclions of one single group were studied in a series of 8 experiments
which were carried out during the daytime in darkness, using only the small
lamp (L) to give the necessary illumination. An interval of one hour was allowed
to elapse between every two successive experiments. A single experiment with
amputated mosquitoes lasted for 10 minutes and it was always preceded by ¢
control experiment (unoperated mosquitoes) of the same duration. Hence the
test consisted of a series of 8 experiments with control mosquitoes and 8 wilh
amputated mosquitoes. Cages containing control and ampulated mosquitoes
were fixed, cach in its turn, in the apparatus at the air outlet.

Somelimes, when many mosquitoes were available, experiments were done
by using one control followed by two groups of mosquitoes with different num-
bers of antennal segments ampulaled. The number of amputated mosquitces in
every cage varied between 35 and 40, depending on the mortality rate, but the
control group alwayvs consisted of 40 mosquitoes, those that died being replaced
by new ones.

In all our experiments we lested about: 600 mosquiloes in a normal state,
1,600 mosquitoes after amputation and 1,400 mosquitoes as conlrols. All experi-
ments were carried out in a small room maintained at a temperature of 25-26°C
and a relalive humidity of 50-60%.

Quantitative recording of the mosquito reaclions:

In describing the wayv we recorded lhe reaclions of the mosquitoes during
their attraction to the different stimuli, we should point oul that the meaning
of the word “attraclion” can vary. Since atlraction is the resuli of a number of
different reactions, we must bear in mind the difficulty of comparing the respec-
tive test results of different authors. But for our type of experiments designed
to investligate the attractive function of sense organs receiving the stimuli from
a distance, we found that the following two kinds of reactions, used also by
LAARMAN (1955), were the most satisfaclory:

L e

1. Hovering

Mosquitoes flying towards the air stream oultlel, and hovering immediately
in fronl of the outlet.

2. Alighting

Mosquitoes settling on the gauze of the diaphragm, in and around the oullet
o D

of the air stream. In most cases, this reaction was followed by typical

probing movements.

These two kinds of reaction were measured quantilatively by means of two
counters in the hand of the observer. It must be remarked here thatl this counted
number of reactions does not correspond to the number of mosquitoes used, but
to the number of hovering and alighting movements of the attracted mosquitoes.
In many cases the same individual mosquito was counted more than once, be-
ause every mosquilo disappearing from the air current in front of the outlet
or from the diaphragm and then repeatedly reacting again was counted accord-
ingly. ;
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Mosquitoes which walked from the outside to the inside of the diaphragm
were not counted, so as to eliminale the reaction due to the perception of non-
directional receptors existing on other parts of the insect body which receive the
slimuli when the insecl is on or near lhe source of stimuli (RoTi, 1951 & RAHN,
1958).

IV. The Antennae of Anopheles Maculipennis.

It is a well-known fact thal the antennae of males and females
differ markedly in Anopheles. They can be distinguished with the
naked eye by the very long fibrillac which exist on the different
segments of the male antennae. The flagellar segments in the
females are loosely articulated, while they are more closely
atlached to each other in the males. In both sexes the antenna is
made up of 15 segmenls, comprising a scape, a pedicel and 13
flagellar segments.

1. The antenna of the female.

The antenna of the female (Fig.3) is about 1.6 mm long
(average ol twelve antennae, minimum of 1.4 mm and maximum
of 1.7 mm). The scape is an irregular chitinous ring, connected
with a rounded pedicel which measures about 125 ¢ in diameler
and carries a few scales and short articulated thick-walled sensilla
(bristles or spines). Both the scape and the pedicel are darkly
pigmented and carry many small, slender microtrichia. These are
merely cuticular outgrowths and no innervation to them was seen
in the histological preparations.

The first lagellar segment [ils into the hollow of the pedicel.
It is the longest segment of the antenna, measuring about 200
in length and 43 @ at ils grealesl diameter ”. It bears scales and
various lengths of articulated thick-walled sensilla (bristles or
spines) on the whole segment except for a small portion at the
base. Like the scape and the pedicel it is darkly pigmented and
carries many microtrichia.

The second flagellar segment is the shorlesl of the flagellum,
measuring about 80 ¢ in length and 40 « in diameter. It carries
several short bristles or spines, few thin-walled sensilla and very
few microtrichia. It is also darkly pigmented except for a sub-
basal colourless ring where long bristles are inserted.

Flagellar segments 3 to 12 are more or less similar lo each
other, wilh the segments decreasing slightly in diameter towards

3 Measurements of all diamelers were taken al the widest part of the seg-
ments.
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