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PART II

METHODS AND TECHNIQUES






INTRODUCTION
Details regarding the application of methods and techniques are given below. It is to be
well understood that each method has its own limitations in relation to environmental factors
and the vector's natural or induced behaviour, As adequate sampling and processing of

material are essential for obtaining significant information, the epidemiologist and the
entomologist have to decide together the extent of the entomological investigations to be
undertaken in each situation in order to achieve fully the objectives for which the studies
were planned. Where and when necessary, the investigations should be adjusted to the local
requirements,

SAMPLING METHODS

The collecting methods are employed for two types of study:

(a) Qualitative studies, when we need to study the presence, distribution, type of
behaviour of different mosquito species in different macro- and micro~environmental conditions,
etc,

(b) Quantitative studies, when collections are made in order to measure in different
situations the value and variability of vector relative density and abundance, longevity,
infectivity, impact of antivector measures on the vector population, impact on the transmission
(vectorial capacity), etc.

There are several methods for sampling adult mosquitos but the selection and application,
alone or in combination with others, as well as the limitations of each method are imposed by:

- the objective of the study for which the collection is made;
- biology and behaviour of vectors (if this is already known);
= human behaviour and housing conditions;
~ environmental conditions (natural or modified by man) in which the collections are made
(temperature, percentage humidity, winds, rains, absence of breeding places, position
of breeding places, insecticide spraying, smoke, introduction of animals inside houses,
etc.).
It should be stressed from the beginning that the real significance of the data obtained
by collecting the adult mosquitos for quantitative studies will vary, depending on the way in
which the above-mentioned factors (which have an important influence on the efficiency of each

method of collection) have been taken into account at the time of collection,

1. HAND COLLECTION

(a) Principle of the method

Mosquitos resting on different surfaces (indoor or outdoor) are collected by using a
sucking tube, or a test tube. h

(b) Specific objectives of hand collection

— To study the resting habits and density, indoor density and distribution on different
surfaces of endophilic mosquitos, or of exophilic mosquitos remaining indoors for some
period during the night, in situations when other methods are not applicable.

= To collect outdoor resting mosquitos,



To collect mosquitos coming to bite,

To collect 1ive;mosquit05‘for the study of susceptibility, bio-assay tests, obtaining
the eggs or to observe survival rates.

To collectimosquitos for precipitin tests.

To collect moéquitps for taxonomic studies.,

The method is not applicabie as a routine investigation for the evaluation of the density
where pyrethrum spray collection is efficient. It is only necessary to use this method in
conjunction with pyrethrum spray collection when studying the indoor resting habits by per-
forming hand collection first and then pyrethrum spray collection.

1.1 MATERIAL
- Test tubes, full length or short Pyrex tubes 100 mm or 60 mm x 10 mm (small tubes are
useful when collecting a single specimen per tube and when specimens are kept for some
time inside the tubes before being examined or processed).

- Sucking tubes.

- Electric tbrch.

- Cotton wool.

- Paper cups or sméll mosquito cages,

1.2 PROCEDURE

1.2.1 Use of the test tube

When collécting the mosquitos in test tubes the collector should apply the mouth of the
test . tube. perpendicularly over the wings -of the mosquito in such a way that when the mosquito
is disturbed and attempts to fly, it will fly into .the tube (Fig. 1, A and B). Care should
be taken not to collect too many .mosquitos in a single tube; about five is the average number
for a normal length test tube and they should be transferred immediately to a paper cup or
cage. particular care should be taken not to damage the mosquitos when they are being
collected for susceptibility or irritability tests, :In this case they should be collected
one by one and transferred immediately to the -cage. When collections are carried out for
taxonomic studies it is desirable to-kill the mosquito immediately and a special tube (Fig. 2)
is prepared as follows (see also section 8.1.1). :

Place at the bottom of a normal test tube with a diameter of 15 mm a layer of about 30 mm
of small pieces of rubber tubing. On top of fhis; place a layer of cotton wool, about
3-4 mm deep, covered with a circle of white cardboard or filter paper. Pour chloroform
into the tube taking care that it penetrates the layer of rubber. Leave overnight and
pour off excess chloroform the following day. The test tube should be tightly closed
with a rubber cork to prevent the rapid loss of chloroform when the tube is not used for
a long period. The tube can be used for several weeks. When the killing effect of the
chloroform has disappeared the rubber should be soaked in chloroform again. In the-
absence of chloroform, ether or ammonium hydroxide (NH4OH) may be used.

1.2.2 Use of the sucking tubes

In Fig. 3, A, B and C, three types of collecting sucking tubes are shown. Fig.3 A
represents the most commonly used type, composed of a glass or plastic tube (t) 15 mm in
diameter, a rubber or plastic tube (pt) and a mouthpiece (mp).



Fig, 1. Use of the test tube for mosquito collection.



Fig. 2. Killing tube.

a = test tube; b = filter paper; c¢ = cotton wool;
d = pieces of rubber; e = rubber stopper,



Fig. 3. Three types of aspirator.

t = glass or plastic tubing; mn = mosquito netting; mp = mouthpiece.



Fig. 3, B and C represent the Italian type of collecting tube, with details of the
component parts and dimensions.

1.2.3 Remarks

When collecting mosquitos from surfaces sprayed with water-dispersible powder, care should
be taken not to inhale particles of insecticide and the sprayed surfaces should not be touched
with the mouth of the sucking tube. In such situations a test tube should be used or a
cotton wool filter should be placed at the end of the collecting tube in order to retain the
particles. The contamination of the collecting tube with insecticide particles might produce
mortality among the collected mosquitos (see also Fig. 4).

1.3 MECHANICAL DEVICES FOR COLLECTING RESTING MOSQUITOS

1.3.1 CDC sweeper (Fig., 6)

The same motor and collecting cages as those used for the CDC miniature light trap are
attached to a metal handle about 70-80 cm in length.

1.3.2 Modified small electric hand aspirator (Fig. 5)

This is made by using a small hand aspirator, the brush of which is replaced by a small
plastic chamber (a). The bottom of the chamber is covered with mosquito net and a small tube
15 mm in diameter is put in the top for collecting the mosquitos (b). Two batteries of
1.5 volts are used for this apparatus. It is practical for collecting mosquitos from sprayed
surfaces but it is not commonly used in the field. A wider field evaluation of the efficacy
of this apparatus for collecting malaria vectors could be carried out, It has proved useful
in collecting mosquitos from outdoor resting places in vegetétion; roots of plants, or holes.
When collecting mosquitos from holes, a tube of appropriate length should be fitted to the
collection cage of the CDC sweeper (Fig. 6 (d)), or to the hand electric aspirator (Fig. 5 (b)).

2. SPRAY SHEET COLLECTION

2.1 PRINCIPLE OF THE METHOD

This method consists of the collection of indoor resting mosquitos on white cotton sheets
after knock-down by space spraying of a pyrethrum solution.

2,2 GENERAL OBJECTIVE

To collect indoor resting mosquitos for quantitative and qualitative studies,

2.3 SPECIFIC OBJECTIVES

(a) to study quantitatively and qualitatively the indoor resting density, and to obtain
material for the study of physiological stages;

(b) to determine the human blood index; longevity of the mosquitos; infection and
infectivity of indoor resting mosquitos;

(c) to study the residual density after trap collection, or hand collection, or after
night bait collection (only when necessary as a special study).

2.4 TIME OF APPLICATION

The method is applied during the daytime, usually early in the morning between 06,30 hours
and 10,00 hours, depending on the situation and the objective,



Fig, 4. Tube for collecting mosquitos from contaminated or dusty surfaces,

a = glass or plastic tubing, 1.5 cm in diameter;
b = nylon gauze inserted between glass and rubber tubing;
¢ = rubber tubing; d = metal or plastic T-piece;
€ = aspirating rubber bulb, with valve; f = blowing rubber bulb, with valve.
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Fig. 5. Modified hand aspirator for collecting mosquitos

a = plastic chamber; b = plastic tube 15 mm in diameter;
¢ = mosquito net; d = 3-volt electric fan,
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R
g.
Fig, 6. "CDC" sweeper.,
a = fan; a' = electric motor; b = handle;

C = container for mosquitos; d = inlet;

€ = mosquito netting; f,g,h = formation of inlet cone;
battery;

J = shoulder strap; Xk = switch on/off; 1 =
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2.5 MATERIALS

- White sheets, 2 x 2 m and 2 x 1 m specially made (standard hospital bed sheets are also
appropriate).

- Hand atomizers (spray cans or spray pumps of minimum capacity).
- Pyrethrum solution (pyrethrin 0.1-0.2% in kerosene). Pyrethrum solution in kerosene

ready for use is prepared from a concentrated solution of pyrethrum which might contain
2-5% of pyrethrin.

Small plastic boxes or Petri dishes or, in the absence of these, small metal boxes.

Entomological forceps.

- Hand lens, necessary for classification of mosquitos when this is done on the spot,

- Large thermos flask to keep the boxes with mosquitos on ice, This is necessary only
when the mosquitos are brought to the laboratory more than four hours after collection, or
for special studies in which the slightest modification of the stomach content must be

avoided.

2.6 STAFF

Fach collection team is composed of three men, one supervisor and two collectors,
working together. ’

2.7 APPLICATION OF THE METHOD

The method consists of four steps:

(1) After the inhabitants have been invited to empty the house, the floor surfaces, as
well as beds and any other areas are completely covered from wall to wall with white sheets.
No space should be left between the walls and the surface covered by the sheets so that no
mosquitos are lost. Fig. 7 A shows the sheets arranged inside the house. If the eaves are
very open, they are closed with mosquifo netting, the upper side is attached to the roof and
the other to the wall, as shown in Fig, 7 B. Two pieces of nylon gauze about S m x 0.5 m
will prove satisfactory for closing open eaves in many cases (for a hut with a diameter of 3 m);
an extra piece of nylon gauze might be advisable for bigger houses. Banana or palm leaves
may be employed where appropriate.

(2) After the floors of the hut have been completely lined with sheets, the collectors
(one inside and one outside when the eaves have not been closed with nylon gauze) start to
spray the pyrethrum solution along the eaves each starting from opposite ends, (Commercial
aerosols of pyrethrum, when available, can be used but these are more expensive although more
practical). After filling the room with the insecticidal mist, the collector leaves the hut
and closes the door. (When the eaves have been closed with a nylon gauze, only one man sprays
pyrethrum inside).

(3) Ten minutes later the door is opened and the mosquitos are collected, starting at
the door and moving to the interior of the room. A torch is needed for this. A more
practical method is to remove the white sheets carefully, lifting them by the four corners and
moving them gently so that.the mosquitos collect in the middle of the sheets, The sheets are
then transferred outside and examined in daylight.

4) The mosquitos are collected with entomological forceps and put in the small boxes
or tubes which are prepared to ensure enough humidity for the ﬁosquifos. If a vacuum flask
with ice is available, then the mosquitos can be collected in test tubes which can be kept on
ice until the mosquitos are processed. Precautions should be taken against trapping the
specimens in condensation droplets,
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Fig., 7. Preparation of hut for pyrethrum spray catch.

mn = mosquito netting or banana leaves, etc.; ws = white sheets.
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The classification of mosquitos might be done in the field (species, abdominal
appearance) but a hand lens should be used, However, it is more practical for the mosquitos
to be transferred to the laboratory so that the technicians may classify them and study
different aspects more accurately.

2.8 REMARKS

While waiting for the mosquitos to be knocked down, the team can prepare and spray
another hut. The number of people used for pyrethrum spray collection depends on the number
of houses or huts which have to be investigated each time. A group of 9-10 people (three
teams) can usually cover 10 houses in two hours using this method.

The method should not be repeated in the same huts at too short intervals as some repellent
effect of pyrethfum extract might persist for two to three days, The minimum interval is
therefore estimated at three days.

The method is very practical for the study of endophilic vectors before spraying, but is
not satisfactory if used alone for the assessment of the impact of spraying on the vector
relative density. It should be used in conjunction with bait collection and trap collection
for the assessment of the expected change in transmission potential.

3. CATCHES OFF BAIT

3.1 PRINCIPLES OF THE METHOD

Mosquitos are collected while they land on the host to bite or while in the process of
biting a human or an animal host.

3.2 OBJECTIVES

(a) To evaluate the man-mosquito contact (by establishing the man-biting rate) or
contact with other hosts, and the place and time of biting.

(b) To collect live mosquitos for study of:

- parity rates;

- infection and infectivity of biting mosquitos;

- host attractiveness;

- susceptibility tests;

- duration of gonotrophic cycle, longevity (age grading), etc,

The above data are used to assess the impact of insecticides on the mosquito population
and local transmission.

This method is one of the most important for collecting partially or entirely exophilic
mosquitos or for collecting endophilic mosquitos where other sampling methods of adult densities

are only partially efficient, as in areas with rudimentary houses or after insecticide
spraying.

3.3 MATERIAL
- Torch

- Suction tube
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-~ Test tubes full length or short Pyrex tubes 100 mm x 10 mm (small tubes are useful
when collecting a single specimen per tube and when specimens are kept for some time
inside the tubes before being examined or processed),

~ Paper cups prepared for holding the mosquitos

~ Cotton wool

~ Rubber bands for keeping test tubes in groups.

3.4 DESCRIPTION OF THE METHOD

Catches using bait can be classified as follows:
- catches using human baits
- catches using animal baits.

3.4.1 Human baits are most commonly employed in epidemiological evaluation. There are two
variations:

(a) The collector himself can act as bait; he sits on a small stool with bare legs on
which he catches the mosquitos as they come to bite.

(b) The collector can catch the mosquitos on a local inhabitant or a member of the
collecting team, who acts as bait. In this case the person acting as bait may lie down and
even sleep. In some situations when the attack of mosquitos is very intensive, two collectors
might be used for catching mosquitos from a single bait. The torch is used to see the
mosquitos. This is switched on when a bite is felt in the case of the collector catching
the mosquitos on himself, When the mosquitos are caught on another individual the torch is
used to make periodical inspections at about two minute intervals, The light should not be
too bright; green or blue filters are recommended if available, otherwise tracing paper or a
piece of cloth may be used to reduce the intensity of the light,

3.4.2 Catches using animal baits

(1) Objectives

(a) To collect information on the feeding habits of anophelines on domestic animals.

(b) To establish more precisely the degree of availability of vectors in a sprayed area
when the catches on human bait are very meagre or negative, (Collections on animal bait are
not carried out regularly in malaria programmes since the density data collected are not used

for epidemiological evaluation.)

(c) To collect mosquitos for susceptibility or bio-assay tests or for obtaining eggs,
etc,

Local animals - donkeys, buffalo, cows, etc. - could be used for the collection of exo-
philic or partially exophilic mosquitos in addition to other methods of collection.

(2) Procedures

The collections employing animal baits can be made using one or both of the following
techniques depending on the objective of collection:

(a) Mosquitos are collected directly off the animals (more easily off the legs and other
places where the hair is short) with the aid of a sucking tube,
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(b) - Mosquitos are collected while resting in the vicinity of the bait, either before
or after feeding., - They may easily be found resting on vegetation, branches of small -trees,
etc,, generally at a level varying from 15 cm to 2 m above the ground. The maximum con-
centration is in the proximity of the animals, varying from a few centimetres to a few metres
away from the animals. '

It is therefore recommended that, where possible, night bait collection on animals be
performed where there is some suitable low vegetation,

3.5 CAPTURE OF MOSQUITOS

Mosquitos in the process of biting are collected by sucking tubes or test tubes} The

former are widely employed and are very practical for collection and for the transfer of
mosquitos into the cups. Test tubes are used when mosquitos are kept for some time in tubes

before transfer to paper cups or small mosquito cages. When five or six mosquitos are
collected in a normal test tube each one should be separated by cotton wool if it is intended
to keep them in the tube for several hours; a piece of filter paper 1 cm wide and of the same
length as the tube is put inside the tube before starting collection, in order to absorb the
humidity. o

3.6 ORGANIZATION OF ALL-NIGHT CATCHES

When night catches are used for epidemiological evaluation the method, timing, and
duration of collection should not be changed during the longitudinal study. The exact pro-
cedure for organizing the work of the. team will depend on the objectives, local conditions, and
staff available. Since all-night collection is very .tiring the collectors have to work in
shifts of two hours, When collectors. are also used as baits, alternating periods of sleep
and duty should be arranged. When collections are made on- local inhabitants the collectors
can be changed at three to four-hour intervals. Collections may take place alternately
inside and outside the huts but if the biting cycle is studied in detail the same collectors
should collect either inside or outside throughout the night.

3.6.1 Remarks

Whole-night bait collection should start at sunset and stop at sunrise, For longitudinal
studies the normal biting behaviour of the local vectors should be taken into account. In
tropical areas the period between 18.00 (18,30) hours and 06.00 (06.30) hours represents the
main period of biting activity and movement of the majority of the local vectors. Some of
them, such as A. albimanus, have an early biting peak, whereas other species like A. gambiae
generally start to bite in important numbers after 22.00 hours.

.The duration of the night bait collection will depend on the objectives of the investiga-
tion; when studying the man/mosquito contact, it is necessary: to make indoor collections all
night while outdoor collection on human bait is necessary only during the periods when people
remain outside. When  studying the trends of density under the impact of vector control
measures a practical method -is the night bait collection during the main biting periods,
supplemented from time to time by the whole-night bait collection. The behaviour of the
local human population should also be taken into account.

The environmental conditions at the time of the collection are very important, Winds,
rain, moonlight, temperature, and humidity all have an influence on the movements of mosquitos
and therefore on the biting activity. '

The collectors and the human bait should not smoke- during ‘the period of collection,
Some human baits are less attractive to mosquitos than others; local people and children may
be more attractive than the members of the entomological team. Therefore, the mosqditos
should, if possible, be collected on- the local people. The number of mosquitos per man per
night obtained from baits who are not moving.and who are more uncovered than the local people
during the sleeping hours might be higher than the number biting a local inhabitant, who would
be well covered during a cool night,
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It is obvious from the above remarks that the figures obtained only indicate trends and
do not entirely reflect all situations.

Indoor-biting densities should be established for different types of houses and
situations, Bait collection carried out on a verandah cannot be considered as indoor collec-
tion, Outdoor collection should be carried out in spots where the local people are at risk.

The mosquitos collected are placed in paper cups, grouped according to the place and time
when caught. Mosquitos collected for dissection are given 2-5% sugar solution and kept in a
relatively cool humid micro-environment. Insulated picnic bags may be used, if available,
for the transport of mosquitos from the field to the laboratory; otherwise a simple box is
made by using a cardboard or wooden box and lining the inside with a thin plastic sheet fixed
with a staple or by adhesive bands or other means. Paper cups or cages containing mosquitos

are arranged inside and covered with a thin plastic sheet, A wet layer of cotton wool or a
wet towel is then put on the top to ensure humidity. Such devices are necessary mainly during
the dry season and should be kept out of direct sunlight. If mosquitos are collected to

obtain eggs they should be allowed to feed completely before being collected from the bait.
Cotton wool soaked in a 2% sugar solution or water should not be placed in the cages of these
mosquitos as this might produce early elimination of the blood before digestion.

3.7 RECORDING OF DATA

A tentative form for recording the results of the night bait collection is given in

Part I, Chapter 4, Form 3); on this form details are given of the techniques of collection and
environmental data during the collection period.l The mosquitos collected at each spot by
each collector are placed each hour in a separate paper cup, on which are mentioned: place of
collection, the number of the collector, the period of collection (in general, all mosquitos
collected during one hour from the same spot are put together, but mosquitos collected during
periods of less than one hour or more than two hours could be put in the same cup according

to the objectives of the collection, number of mosquitos, etc.).

At the laboratory the number and species of mosquitos collected each hour is inscribed
on the form as well as the results of processing.

The man/hosquito contact is estimated by establishing the man-biting rate on the basis of
whole-night bait collections, It is expressed as an average number of bites per man per night,
It is not possible to obtain an approximate average of mosquitos per man per night from the
results of a few hours of collection by calculating an average per man per hour and multiplying
by 12. The results of collection carried out over a period of a few hours can be compared
only with the results obtained during similar periods of time and with the same techniques
and calculated in this case as mosquitos per man hour, Therefore, it is very important to
mention the exact duration of collection and the number of baits used during each period of
time. A checking of the efficacy of baits is desirable if the same individual is used
regularly.

4, TRAP COLLECTION

4.1 GENERAL OBJECTIVES

- To study the relative prevalence of mosquitos.
- To study mosquito- behaviour,

- To study the effect of residual insecticides and/or other anti-vector measures.

Temperature (°C), relative humidity, wind, rain, moonlight (moon phase), presence of
people outside, domestic animals nearby, etc.
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Principles

Trap collections are used extensively for collecting mosquitos which are flying in search
of food, shelter, or egg laying sites, i.e., which are changing from one place to another
during their normal movement or due to some external unfavourable influences, whether natural
(wind, change of humidity, temperature, light) or produced by man (e.g., smoke, insecticide,
artificial ventilation, hosts, etc.).

4,2 CATEGORIES OF TRAPS

There are several types of traps which can be classified arbitrarily in three categories
(the different types of trap and their uses are summarized in Table 1 on p. 41):

(a) fixed traps, attached to existing structures;

(b) portable traps enclosing bait, used independently of the existing structures;

(c) mechanical devices for the collection of outdoor or indoor mosquitos.
4.2.1 Fixed traps

Fixed traps are the most frequently employed for collecting mosquitos in a malaria pro-
gramme, They are placed in the path of flying mosqqitos and may be used with or without
an attractant, :

There are two types of trap in this category:

(a) Exit traps (window, door, eaves, wall, and vérandah trap).

(b) 7 Entry traps.
4.2.1.1 Exit traps

(a) Objectives of using exit traps

To study:
- the normal daily movements of mosquitos and their degree of normal or induced exophily;

- the effects of insecticides on normal movement, indoor density and, in part, the
inhibition of feeding, i.e., degree of excito-repellency;

- the toxic effect on mosquitos leaving a house sprayed with insecticide (by counting
the mortalities in the trap and the 24-hour survival rate of mosquitos found alive in

the trap)

Determination of the toxic effect forms part of the estimation of overall room-
kill. In Figs 8, 9, 10 and 11 details are shown of exit. trap construction and mounting.

(b) Use of the exit trap

The use of exit traps is of considerable imﬁortance during any study of the effect of
insecticides on endophilic species and house-frequenting exophilic species. Exit traps can
be fitted to the windows, door eaves, or walls of the local house or hut or to an experimental
one, depending on the stage of the study and type of local houses.

In general one trap is applied to one hut. Two traps per hut will offer better possi-
bilities of collecting a more representative sample.
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Completed trap;

Construction of an exit trap.

B.

Pattern for cutting mosquito netting.
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Fig, 9. Fitting of exit and entry traps.

A, Fitting trap to wall: a = wall fixture with groove;
b = base plate of trap; c = trap
B, C. Exit trap units complete with entry slot:
‘ec = entry slot; c¢ = exit trap.
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W L ey 1Rl

Fig, 11. Use of window traps and wall traps.

A, B. Partial blockage of eaves when using window traps or
C. Wall trap.

wall traps

netting to prevent egress; mn = mosquito netting blocking gaps in wall;
s = entry slot; w = wall material.
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The use of the exit trap in local huts is a very convenient additional method for study
of the objectives mentioned under 4.1. The efficacy of this means of sampling the mosquito
population depends on the way in which it is used.

A number of aspects should be considered:

First, verify that the huts used are frequented by a relatively high number of mosquitos.
Carry out a preliminary study of the indoor resting density in the case of endophilic mosquitos,
or see whether the huts are situated in environmental conditions that suggest the likelihood
of a relatively high mosquito density (proximity of breeding places, attractiveness for
mosquitos, e.g., relatively high number of hosts, presence of children, etc.).

Secondly, the huts should not have large spaces under the eaves or elsewhere, If the
space between the walls and the roof is too large, it is recommended that this space be
reduced by fixing mosquito netting or a piece of cotton sheet, leaving a space of only 3-4 cm

between the roof and the roof poles. This will allow the mosquitos to enter the hut
but will hinder them from leaving. When the human habitations have compact walls, window or
door traps are easily applied. In areas where the walls are made of woven bamboo, sticks, or

planks with spaces between them, the use of window traps is more difficult.

In this case the walls should be partially covered as well as the large spaces; in such
conditions a good supply of cotton sheets is needed and the investigation should be limited to
a small number of houses. Paper sheets could be used instead of cotton, e.g., packing paper
which is available in strips of several metres long or nylon mosquito netting.

The window traps are fixed before sunset and removed at sunrise before pyrethrum spray
collection starts. Pyrethrum spray collection in huts with traps should not be repeated at
shorter intervals than seven days in order to avoid the repellent effect of pyrethrum spray.

Door traps are frequently used in huts without windows, The trap is fixed to a piece of
dark cotton material longer and wider by about 20 cm than the opening of the door. The trap
is fixed in the upper-half of the cotton sheet (Fig. 10 A). The piece of cotton is attached
to the upper and lateral inside border of the wall; one lateral part and the lower part are
not fixed, so that people may enter and leave the hut. The door trap is applied in the
evening before sunset and removed in the morning. It needs more education of the inhabitants
of the hut and closer supervision than does a window trap. A collection for special
investigations - such as comparative studies of the efficiency of door and window traps -
should be carried out during the night bait collections in the same village, in order to check
from time to time during the night that the cloth on which the trap is fixed is in place.

Each time a minimum of five huts should be investigated, but whenever possible an increased
number of huts should be used. When using door traps, make the necessary arrangements with
the local people to avoid disturbing the trap while entering or leaving the hut; education of
people is indispensable.

The exit trap may be applied not only to the windows but also to the walls (see Fig, 11,
B and C), The wall trap is built on the same principle as a window trap but is much higher
and in the form of a rectangular prism, about 35 cm deep, 1-2 m long, and 40-50 cm high, and
an entry slit is provided instead of an entry cone.

Several wall traps can be applied on the same wall, The spaces between the wooden sticks
are covered on the inside, so that mosquitos can only enter the house through the eaves

(Fig. 11 B (a)).

(c) Significance of exit trap collections

Exit trap collections give indirect information on the circulation of mosquitos in
different physiological stages from outside to inside, and direct information on their
circulation from inside to outside,. When applied to sprayed houses the exit traps indicate
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the degree of irritability and the toxic effect on the mosquito population leaving the treated
space, The deterrent effect of an insecticide cannot be directly measured by exit traps;
experimental huts should be used to investigate such a phenomenon.

If only freshly fed and unfed females of a certain species are found regularly in the
exit traps (in non-sprayed areas) and none or only an occasional few are present inside the
huts, this indicates that the species is purely exophilic but enters houses during the night
to -feed on the hosts indoors. The example of A. maculatus is well known.,

After spraying, the immediate and/or delayed 24-hour mortality in the trap catch is
normally high if the insecticide is active. - Live mosquitos collected in exit traps are fed
sugar water and kept for 24 hours in paper cups to observe the delayed mortallty. The data
reflect the impact of combined toxic and-irritant effect.

In a non-sprayed area a higher proportion of unfed and gravid females than fed ones
indicates an endophilic species (the indoor resting density also shows a high proportion of
fed and fully gravid females). If endophilic fed mosquitos are found in the morning in the
exit trap it does not mean that all these females remain during the daytime in outdoor resting
places; some of them, if free, will enter other indoor resting habitats during the same -night,
so that the degree of facultative exophily of endophilic species might be overestimated if
based only on the interpretation of the exit traps. Confirmatory data on indoor daytime
resting mosquitos are obtained by pyrethrum spray collection in the morning, This is
necessary to provide a more complete picture of the resting pattern. :

i . . gravid .

The relative degree of exophily is indicated by the index “—Fgg - If the ratio of
gravid to fed mosquitos found in the trap is constantly less than one then the species has
exophilic habits (natural or induced by insecticide), if it is over one the species has endo-
philic habits, The closer the index is to one, the smaller is the differentiation in
resting preferences so far as endophily or exophily are concerned,

4,2.1.2 Verandah traps

In order to provide a larger natural type of exit for mosquitos an alternative design
dispenses with the window. - In-its.place a door is fitted on the eastern wall, pierced by
three horizontal slits, measuring about 4 x 20 cm, leading into a screened verandah about
1 metre across, 2.5 metres wide and 1.9 metres high. A ceiling is fitted inside the verandah
and some form of roof is needed as a protection against rain (Fig. 12 A and B, and Fig., 14 A).
In the early morning, after the catch has been made inside the hut, the collector enters-the -
verandah via the door and completes the catch there,

4.2,1,3" Entry traps (Fig. 9)

Entry window or door traps are placed indoors with the aperture of the entry cone fixed
in the space through which the mosqu1tos are enterlng.

‘The use of trapping devices to catch mosquitos mainly for the study of entering has
obvious advantages. At first sight it might be thought that- this could be achieved easily
by blocking up the eaves of an ordinary experimental hut and simply reversing the window-
traps so that the funnel-shaped entrance faced outwards, In practice, however, this simple
device is generally most unproductive, as few mosquitos are -found in the traps in the morning.

4,2,.2 Portable traps enclosing bait

- 4,2,2.1 Bed-net traps

(a) Principle

Mosquitos are attracted under a big mosquito net covering a bed on which a human bait is
sleeping unprotected or protected by a closer inner net (Fig. 13 A).
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Fig, 12. Verandah traps.

A, Elevation: a = netting to prevent egress;
b = access for collector; c¢ = window trap
B. Plan: a = window trap; b = door of hut,
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Fig. 13. Net traps.

A, Bed-net trap, with human bait
B. Trap net with animal bait (and human bait if desired).
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(b) Objectives
- To study prevailing host preference of mosquitos, or trends in this over a period.
- To obtain additional information on the mosquito availability in the area.
(¢) Description

The bed-net trap consists of a large mosquito net suspended from four poles, the beams of
a house, or the branches of a tree. An efficient method of preparing the trap, which has
been extensively used in the African region, is shown in Fig, 13 A. The net should be larger
than the bed, hanging round it, and leaving a space of about 15-20 cm between the floor and
the bottom of the net, through which the mosquitos will enter. The amount of free space
should be determined by experience with local mosquitos. The trap net should be made as
tight and as rigid as possible, the edge of the net being tied with string and pegged into the
ground, This prevents the net from flapping in the wind, which deters and disturbs the
mosquito, This precaution is necessary for outdoor collections, Bed-net traps have been
used for indoor collections but not as frequently as indoor catching on human baits.
Observations made with bed-net traps are useful, although this method cannot replace catching
on human baits which yields data of greater epidemiological significance,

(a) Remarks

If a bed-net trap has wide orifices a number of mosquitos, including males, may enter
while searching for a shelter; their presence does not, therefore, necessarily indicate that
they have an anthropophilic tendency, This is shown mainly when females are captured unfed
in a bed-net in which the bait is sleeping unprotected. When the human bait is sleeping under
a protective net inside the bed-net trap, some mosquitos may leave the trap if the openings are
too big, whereas when the mosquitos have the opportunity of feeding on the bait they are more
likely to remain inside the net. To prevent hungry mosquitos escaping and to establish the
number of mosquitos at different periods during the night, the sleeper may be woken at
intervals by an alarm clock to collect the mosquitos. This usually results in a bigger catch.
An interval of two hours is reasonable, and a torch with a blue light should be used.

4.2,2,2 Animal-baited traps

Objectives:

- To detect the presence and the relative density of mosquitos biting animals in a given
area before and after spraying,

- To collect material for observations such as susceptibility tests or bio-assay tests.
(a) Magoon traps

These are portable wooden huts made of panels in which the upper half of the walls is
removed and replaced by gauze netting and an entry slit is provided all the way round
(Fig. 14, B and C). A convenient size is 2 metres by 1 metre; the hut should be high
enough for the collector to be able to stand up inside. An internal ceiling of cotton or
similar material should be fitted and some form of thatching provided. The various parts
can be dismantled and bolted together again, so that the moving of the trap from one spot to
another or from one locality to the next is very simple, The trap is baited with a calf or
other suitable animal. Large numbers of mosquitos may be caught in a single trap, but catches
will tend to vary with the exact location, and possibly with the individual host as well, and
unless many traps are used exact quantitative data are hard to obtain,
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Fig, 14. Verandah traps and magoon traps,

A. ~Type of verandah trap; B, C. Magoon traps;
D. Entry slot in section of magoon trap.

4
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Fig. 15, Steer-baited trap.

p = polyethylene sheets;
S = mosquito netting (metallic).
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Fig, 16, Steer-baited trap.

A, Plan; B, Side elewvation;
C. End elevation; D. Section
d = door; e = entry slot;

p = polyethylene; s = screen mesh,
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Fig, 17. Modifications of magoon-type trap.

A, Local hut adapted as animal-baited trap
B. Highly portable magoon-type trap for man or small animal as .bait.
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(b) Steer-baited trap (Figs 15 and 16)

This is a more refined trap based on the same principle of collection as the magoon trap
but the access for mosquitos is facilitated by a greater number of slits on both sides.
Other possible modifications are shown in Fig. 17.

(c) Trap nets

These are made of ordinary mosquito netting supported ‘on a metal or wooden skeleton and
are big enough to enclose a large animal- together with a human bait if desired (Fig. 13 B).
The mosquitos can be given a choice of-host under these circumstances; precipitin testing of
the blood meals of engorged adults cgught next morning will reveal the host preference,.
These trap nets are similar to the human-baited bed-net trap (Fig. 13 A), but are larger.

4.2.3 Mechanical devices for the collection-of outdoor and/or indoor flying mosquitos

Principle

~ The general principle of all mechanical devices is that mosquitos are caught with the aid
of a mechanically produced current of air, '

Types of device

The mechanical devices used for the collection of mosquitos can be classified into two
groups:

(a) Fixed traps using as an attractant light alone, light and a small animal, or light
and carbon dioxide (New Jersey light trap, Monks Wood light trap, CDC miniature light trap).
All these traps are based on the same principle; the mosquitos, after being attracted by
the light (ultraviolet being the most attractive) are blown into a small reservoir (cage or
bottle) by a current of air produced by an electric fan. Light traps may be employed in con-
junction with human bait protected by a net.

Practically all light traps are constructed on the same principle (see Fig, 18), but CDC
miniature light traps and Monks Wood light traps are much smaller than New Jersey traps
(power is supplied by a battery of 6 or 12 volts).

(b) Mobile traps mounted on a vehicle.

4.2,.3.1 Fixed traps (light traps)';

The New Jersey Mosquito Light}Trap, evolved in 1932, was, until recently, the most widely

used light trap for mosquito work. Several modifications were made, including the Monks
‘Wood light trap and the CDC miniature light trap, -which seems to be the most appropriate for
use in a malaria programme, The mosquitos are sucked into a funnel made of a 16-mesh screen

terminating in a cyanide jar or killing bottle (Fig. 18). For special investigations in
which live-caught mosquitos are required, the killing jar is replaced by a holding cage, which
can be changed several times during the same night, as required. Larger insects are excluded
by means of a quarter~inch (6 mm) wire-mesh screen over the mouth of the trap tube (New Jersey
type) or round the tube and top supports (American type). This last arrangement of the screen
is more appropriate in areas where large insects are very numerous.

In the CDC model the funnel-shaped screen is fastened in such a way that it can be removed
for cleaning and maintenance purposes, Mechanical performance is also improved by means of
. a heavy-duty type motor and fan built with an. enclosed pool for oil for lubrication purposes
(and also to prevent dry dust, dirt or insects from penetrating to the interior of the motor).
The fans are 22 cm in diameter and require a 25-cm diameter trap tube. With this design the
air flow capacity is about 5 m3 per minute.
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Fig, 18. General diagram of a light-trap.

a = shield; b = source of light;
¢ = electric fan; d = collecting reservoir;
e = metallic grill to retain butterflies and other large insects,
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Fig. 19. Mobile traps mounted on top of a car.

A, Side view: a = nylon entry cone;
b = protective box; ¢ = cage.
B. Front view,
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New Jersey traps are equipped with a 25-watt white bulb, frosted inside. An automatic
electric timer is adjusted to operate the trap from 18.00 to 06.00 hours each night,

Models are usually designed for 110-volt operation and for use with available power lines.
In the absence of such facilities, power for the traps can be generated by portable petrol
driven generators. Models are also available for use with 6-volt and 12-volt batteries, but
these are rather heavy, e.g., 7 kg for the trap and 28 kg for batteries.

A miniature New Jersey trap has been developed which weighs only 700 g and needs only
2 kg of dry-cell batteries to operate the light and the motor. Several modifications of the
source of light are now in use, Bulbs producing blue light or"black lighf’are on trial in
order to find the optimum wavelengths for attracting mosquitos. From up-to-date experiments,
it appears that "black light" attracts more anopheline species than other types of light,

Light traps have been widely used for routine sampling of culicine mosquito populations
and for the study of culicine vectors of virus diseases, In the course of that work a con-—
siderable amount of information has accumulated about their efficiency with regard to anopheline
mosquitos, especially A. quadrimaculatus, A, albimanus, A, hyrcanus, and others. In Africa,
miniature light traps have been used for collecting A. gambiae s,1.

However, light traps have not generally been adopted in malaria eradication studies, and
it appears that this method has certain limitations in that different species are not attracted
to an equal extent to the light traps. Further critical work would be required before any
decision or forecast could be made about the potentialities of this technique in malaria
eradication programmes, An assessment of the efficiency of light traps compared with other
methods of collection (human bait collections) still needs to be evaluated. The light traps
cannot replace the collection from human baits for the direct estimation of the man-mosquito
contact.

Light traps have mostly been used for collecting outdoor flying mosquitos. In recent
years, miniature light traps have been used for indoor collection. From up-to-date experience
it appears that before using the light traps routinely, the investigator has to make preliminary
observations to find the most appropriate position for the trap. In principle, this should
be placed in the way of flying mosquitos, e.g., indoors at the level of the eaves, near the
host, near a door, The productivity of a light trap will depend on:

~ position;

- type of light used (from up-to-date observations it appears that black light attracts
a larger number of mosquitos than other types of light);

- species of mosquitos (some species are more attracted than others);

~ physiological conditions (unfed mosquitos are more attracted than fed or gravid
mosquitos);

- environmental conditions during the collection (meteorological, type of site, availability
of hosts).

The appropriate time for investigating the comparative efficacy of the light trap is
during a period of high mosquito density, but investigations during the low-density season have
also to be carried out, in order to verify the efficiency of such a device compared to other
methods of collection during different seasons,

Light traps are useful devices for obtaining additional material, but if used alone are
not sufficient for sampling mosquito populations in a malaria eradication programme,
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The siting of light traps is important and each investigator must find. the most suitable
position (in principle in the path of mosquitos) before using the device for longitudinal
studies.

The attractiveness of light traps for different species of mosquitos should also be
investigated before deciding to use the traps, in addition to- other methods to be used
simultaneously, for sampling a population of mosquitos under local- conditions. The direction
of the wind, height at which mosquitos are normally flying, temporary resting habits, and
availability of hosts near the place of collection should be considered.

The use of light traps in malaria control or eradication programmes should be organized
as follows: ' ' ' ' -

A1l inhabitants of the rooms where the light traps are applied should sleep under a
mosquito net. Ideally one light trap should be placed at the eaves, and one light trap should
be placed at the level at which the bait is- sleeping. Exit traps (door or window traps)

" should be applied to the same room. ) . C

’ ) . T ' 1
The collecting bag should be changed as required for fractional sampling during the night.

Indoors, light traps should be used without -the shield, especially with black light.

4.2,3.2 Mobile traps mounted on the top of a vehicle (car, -lorry or bicycle)

The trap consists of a large cone made ‘of nylon netting, with an aperture of about
120-150 em x 100 cm at the base and a small aperture at the tip opening into a mosquito cage
from which the mosquitos can be easily collected. The cage can be protected by a wooden box
in which the terminal part of the net is inserted. Details of the construction and mounting
are shown in Fig, 19, A current of air is produced by the movement of the car, Flying
mosquitos enter the nylon cone (a) at the end of which a cage.is attached which retains -the
mosquitos and other insects. This mobile trap has been employed successfully for-collecting
anophelines-during the evening and early in the night. E ' ’

4,2,3,.3 Comments on the use of mechanical devices

Of the mechanical devices mentioned above, light traps are used most frequently. The
efficacy of light traps, especially miniature light traps, using different sources of light
should be investigated, if possible, in all projects. Such observations should include:

- Use of light traps for collecting mosquitos indoors. -

-~ Use of light traps for collecting mosquitos outdoors: (a) near houses; - (b) away from
houses, near source areas and very close to the most favourable sources.

- Exit trap and pyrethrum spray collections should be made in the morning and comparative
studies should be carried out on the proportion of different abdominal stages and of
‘parous females. : T

- Simultaneous night bait collections in huts of similar attractiveness and collections
in the same huts on alternate nights should be carried out in order to make a comparison
between the data obtained from light trap collections and those obtained from baits,
e.g., one night bait collection;'next'night,light trap and repeat alternate collections
for six to eight days. ) ’ ' )

The disadvantage of light traps for sampling -malaria- vectors is that many species other
than anophelines are collected and that very often the ornamentation- of the wings- and other
parts of the body is daméged making identification more difficult. Some anophelines are not
attracted in representative numbers, although they are abundant.

Fractional sampling is necessary when studying the variation of the night-time movements
of mosquitos and to reduce the mortality of mosquitos collected which might be produced by the
whole night captivity in the collecting bag of the light trap.
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Fig. 20. Ramp trap.
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The advantages are that less work is involved than for night bait collection and that
collections can be made for several consecutive nights if necessary. The use of light traps
as an additional method for the study of the phenology of some culicines in preliminary
investigations for the evaluation of residual spraying and/or larviciding programmes might be
practical with some species, but this still needs more investigation before these traps are
used routinely in malaria programmes.

4,2.4 Other types of traps used for the collection of outdoor flying mosquitos

Apart from the traps mentioned above, a number of traps have been devised for the collec-
tion of mosquitos in flight outside, These are likely to be effective only under conditions
where mosquitos are extremely abundant and concentrated in a small area. They find their
main application in special investigations.

Two types deserve particular attention:
(a) Ramp traps

A simple tunnel of mosquito netting, supported on poles, 1.8 m high by 1.8 m wide by
2,7 m long, open at one end (Fig. 20). Mosquitos enter it in the course of normal flight
and are trapped and collected at intervals by closing the flap over the entrance. Information
on the movements of mosquitos flying at low levels, in the presence or absence of bait, can
thus be readily obtained. Such traps can be placed at different distances in the area between
breeding places and the inhabited area.

(b) Malaise trap

The method of collection with Malaise traps is based on the fact that mosquitos have a
tendency to fly upwards when an obstacle is in their way.

There are several modifications of the original method published by R. Malaise (1937) but
the structure remains the same. The trap ic composed of the following main parts (Figs 21
and 22).

The bottom baffles (Fig. 21 A (a) are composed of four vertical walls made of two pieces
of black netting sewn together down the middle and then arranged in the form of an X when they
are mounted, as shown in Fig, 22 C. At each extremity of the arms of the X, two side baffles
(Fig. 21 A (b)) made of the same material as the bottom baffle, are attached, as shown in
Fig, 22 D.

The top panel has the form of a rectangular pyramid and is made of white netting. On
the inner part of the top panel, extensions of the bottom baffles are fixed by tying in the
manner shown in Fig. 21 A (¢) and Fig, 22 A and B. A plastic or metal cylinder (Fig. 21 B)
is glued over the aperture left at the top of the pyramid; this is attached to the centre
vertical pole (Fig. 21 A (d)) which supports the top panel and holds the frame of the collecting
cage.

The collecting apparatus is composed of the following pieces:
(a) A wooden frame in to which the cage can be slid (Fig. 21 C);
(b) A plastic or metal cylinder, mounted underneath the frame and of such dimension

that it can be inserted inside the plastic cylinder of the top panel. The collecting cage
is constructed like a normal window trap but can be smaller.
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«— L.p.

Fig; 22. _ Malaise trap: details of assembly,

-8 = string; é.p. = centre pole; 1.p. = lateral pole.



Procedure for assembling the trap:

- fix the middle polé in the grduﬁd;

- fix the plastic cylinder of the top panel on the middle pole with the aid of two metal
rings (Fig. 21 B, TSR and BSR);

- insert the tube of the collecting cage in the tube of the top panel;

- fix the four sticks at equal distances (Fig., 22 E) and attach the lower corners of the
top panel to the corresponding sticks with string or cotton tape;

- mount the bottom baffles by fixing them on the poles at the upper, middle and lower
parts with cotton tape (Fig. 22 C);

- tie on the bottom baffle extensions by means of the cotton tapes;

~ fix the side baffles in position with cotton tape, tying the upper part to the border
of the top panel and the lower part to a small wooden peg stuck in the ground
(Fig. 21 A).

The trap can be used for collecting mosquitos without using baits, but before employing
this routinely the efficiency for collecting different vector species should be carefully
tested. It is efficient for mosquitos flying at low level, but should be used as an
additional method only after field trials have shown it to be useful.

(c) Acoustic traps

These have been tried experimentally using a sound signal as an attractant, but they have
not been developed for field use.

S. EXPERIMENTAL HUTS

5.1 OBJECTIVES

(a) To evaluate the normal behaviour of house-entering mosquitos.

(b) To evaluate the reaction of mosquitos to insecticides: deterrent, excito-repellent,
and toxic effects; inhibition of feeding in endophilic mosquitos or in those exophilic

mosquitos coming inside to bite.

5.2 USE OF THE EXPERIMENTAL HUTS

In general the experimental huts are used during stage IV and V trials of insecticides.1
In exceptional cases experimental huts can be used (a) when a stage VII trial of an insecticide
has started without complete information, (b) in a malaria pilot project to complete observa-
tions on the mosquito's normal behaviour, (c) to study the mosquito’s behaviour under the
influence of an insecticide, or (d) at a later stage of a programme when a change in behaviour
is suspected. Such observations cannot entirely replace those carried out 'in local huts or
houses, but if properly used give a controlled approximation.

To evaluate the effect of insecticide on a malaria vector, the experimental hut should,
in principle, resemble the local huts as closely as possible, with the necessary modifications
to ensure the collection of dead or alive mosquitos. The building materials should be the
same as those used for the local huts, The main difference is that the experimental hut
should be ant-proof when used. for studying the global toxic effect of a residual insecticide.

1
See: Wright, J. W. (1971) Bull. Wld Hlth Org., 44, 11-22.
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a
TYPE AND USE OF VARIOUS TRAPS FOR COLLECTING MOSQUITOS—

TABLE 1.
Types of trap
to be . .
Place 3 General objectives Specific objectives
use
Fixed Portable
Window - Houses (huts) To study the egress or ingress of 1. To study in part the effect of
trap local or mosquitos under normal or modified insecticides on mosquitos
experimental conditions, entering treated huts
Investigation of mosquito behaviour 2. To study (in part) mosquito
related to human habitations under availability and density
normal or modified conditions
Door trap .= Houses without " "
windows
Verandah - Houses (huts) " "
trap local or
experimental
Wall trap - " " "
As above. For use where poorly
constructed walls allow mosquito
circulation
EaVES _ " 1 "
Bed-net Bed-net Indoor or To collect mosquitos attracted to Detection of species, attracted to
outdoor a particular human bait man. Collection of live mosquitos
- Trap net " To collect mosquitos attracted to Examination of availability of
(baited) human and/or animal bait anopheline species. Collection of
vectors for various investigations
(susceptibility tests, infectivity,
longevity, etc.). Indication of
feeding preferences (when
supplemented by precipitin tests)
- Malaise Outside Outside collection of flying Availability of species.
mosquitos Collection of vectors for various
investigations (susceptibility
tests, infectivity, longevity,
etc,). As above
- Ramp trap Outside " Availability of species, direction
of flight
- Magoon Outside To collect mosquitos attracted to Availability of species.
trap contained baits usually animals as Collection of vectors for various
Stable combine protability with robustness purposes
trap
- Light Inside and To detect mosquito species attracted Availability of species
trap outside by normal or black light
- Car trap Outside To collect mosquitos in flight by Availability of species
or active sampling
bicycle
trap

a

— The terms fixed or portable are relative.
type of entry or exit space of a room,
prevalence etc., each type having its limitations;

methods of collection.

Exit traps are also portable, but should be always fixed to a specific
None of these traps can be used alone for the study of relative seasonal
they therefore should be used in combination with other appropriate




- 41 -

A cement floor, extending below but not beyond the walls, should be provided in mud huts to
enable an ant-proof drain to be fitted (Fig. 23 A). Thin plastic sheets may be used instead
of cement and are considerably cheaper (Fig. 23 B). The access of ants to wooden huts built
on poles may be prevented by placing a sticky or greasy band on the poles (Fig. 23 C).

The collection of mosquitos in experimental huts can be carried out using different
methods. Generally a combination of methods is used, depending on the objective of the

study, e.g., window trap, hand collection, pyrethrum spray collection.

The windows of the experimental hut are provided with exit traps. In some instances
verandah traps can be used to collect mosquitos flying out from the huts,

5.3 OPERATION OF EXPERIMENTAL TRAP HUTS

Little standardization of design has been achieved. Ideally a trap hut should have the
same conditions of attraction as exist in local huts. Two or more people should be employed
to sleep in each hut, bearing in mind that the greater the number of hosts the larger the
catch, They should be encouraged to use the house regularly, regardless of whether catches
are being made or not, since it appears from experience that a lived-in house, possibly
because it is more permeated with human smells, is more attractive to mosquitos than a clean,
newly-built one. Cooking and the use of mosquito nets are normally forbidden.

5.3.1 Collection of resting mosquitos

Mosquitos should be collected by hand-catching carried out on a systematic basis from all
parts of the hut. Particular attention should be paid also to the roof, and a short ladder
or pair of steps may be provided to enable this to be carried out effectively. At the end
of the catch the collector should poke the corners of the roof with a wooden stick to disturb
the mosquitos which have escaped observation. As discussed above, the risk of a residual
irritant effect from the repeated use of pyrethrum in kerosene prohibits the daily application
of knock-down sprays, However, spray-sheet collections at, say, two-week intervals can give
a most useful check on the effectiveness of the hand-catching. In this case, before starting
the spray-catch, it is necessary to remove the window-traps and to block the windows with
shutters,

The collection should follow the following steps:

- at sunrise, collect mosquitos from the exit traps and the dead mosquitos on the floor;
- put live mosquitos in paper cups for determinétion of 24-hours survival rate;

- between 14,00 and 16.00 hours, collect the dead mosquitos,

Indoor resting mosquitos could also be collected by hand; this depends on the type of
observation,

5.4 USE OF EXPERIMENTAL HUTS FOR ASSESSING THE EFFECTS OF AN INSECTICIDE

A series of experimental huts with window or verandah traps is built for this purpose
and suitably treated with different dosages of insecticide, one or more huts being left for
control purposes,. In the evening on the day before an assessment is to be made, the window-
exit traps are placed in position and white sheets are suitably disposed on the floor of the
hut. The following morning, before or at sunrise, the window-trap is removed and the window
closed with a shutter. The mosquitos in the trap are counted and divided into living and
dead, the former are then kept for 24 hours to determine mortality. The sheets are removed
from the floor of the hut and placed outside and the number of dead mosquitos counted, The
collection of indoor resting mosquitos is carried out between 14.00 and 16.00 hours in order
to give enough time for the mosquitos to become intoxicated; the hut is carefully searched
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Fig. 23.  Experimental hut design.

A. Built on a cement piatfqrm (T,=:tr6ugh with water and thin layer of oil)..
B. Isolated by a plastic sheet (PS).
C. On poles, with grease rings (G) against ants,
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and the mosquitos are hand-caught, placed in cages, and the 24-hour mortality determined. If
there is not enough time or labour to make hand-catches, the experimental huts may be space-
sprayed with pyrethrum between 14.00 and 16.00 hours, after removing the mosquitos dead on

the floor. This makes it impossible to calculate the survival rate of indoor resting
mosquitos after 24 hours; nevertheless a good impression of the killing power of the
insecticide,will be gained. If space-spraying is employed it is necessary that the intervals
_between observations should be not less than a week because of possible repellent effects of
pyrethrum space-sprays used at shorter intervals.

>5.4.1’ The calculation of the mortality produced by insecticide (room kill)

The. percentage mortality produced by an insecticide on mosquitos entering the experimental
huts can be determined as follows:

é ;Vnumber aead in exit-trap
b =7numbef7alive in exit-trap
¢ = number of ;b" still élive after 24 houfs
d = number dead on floor of hut (collected in the morning and afternoon)
e = number alive caught by hand in hut (in the afternoon)
INT

f = number of "e" still alive after 24 hours

then a + (b -c) +d + (e - £) total dead = x

and a + b+ d + e

total mosquitos caught = y

then % x 100 = % mortality.

Another and more satisfactory way is to carry out the observations for several *consecutive
days without collecting the live mosquitos resting inside (except the last day) since the
mosquitos still alive during the day-time will be found dead on the floor and in the traps
next morning if the insecticide is efficient, The collection in the traps can be carried
out at several intervals during the night if special observations about the time of exit are
needed. :

5.4.2 Estimation of irritant effect

Experimental -huts with exit-traps may also give valuable information on the repellent

action of insecticides. If window-traps or other exit-traps of treated huts contain a far
greater number of mosquitos than those of check huts, in relation to the total number which
entered both types of huts, then irritant action can be assumed. The classification of the

abdominal appearance of female mosquitos found in traps is very important since this indicates
the effect of irritability on the feeding behaviour. Trap-collected females from well

sprayed huts, surviving 24 hours, indicate that the mosquitos left the sprayed structure before
picking up a toxic dose.

5.4.3 Estimation of deterrent effect

One can assess whether insecticides discourage the mosquitos from entering a sprayed
structure by comparing the total number entering a sprayed hut (alive, dead inside exit-traps
and inside the hut) with the situation before spraying and with the situation in an unsprayed
hut.



- 44 -
5.5 REMARKS

Mosquitos collected from untreated huts as well as from treated experimental huts should
be classified into their respective abdominal stages: unfed, freshly fed, late fed, half
gravid, sub-gravid and gravid. The first group (unfed) are usually a mixture of virgin
females that have entered for shelter only and of those multiparous and parous females that
entered to feed but failed to complete the act, Thus without extensive dissections to
distinguish these two groups, little can be deduced from data on unfeds, Of most interest is
the movement of fed females, particularly in relation to possible changes in behaviour following
spraying,

Floor and window-trap collections (when correctly carried out) in huts treated with
residual insecticides correspond to those entering and dying and those leaving within 12 hours
of entering. Although one is primarily interested in the fate of mosquitos after feeding,
it may be found that with very active deposits and high kills few of the mosquitos will survive
unaffected long enough to feed, so that the majority of the catch will be composed of unfed
females. Consequently, the data will have to be analysed so that two estimates can be made;
first, the percentage of females feeding and surviving for 24 hours (by excluding the unfeds),
and secondly the total survival rate of all the mosquitos that entered the hut (unfed and fed).

In the use of experimental huts the following aspects should be considered:
(a) The design of the hut. Although this may be perfect from the point of view of

collecting specimens on the walls or ceilings or of preventing the exit of specimens except
through the window-trap or verandah, it may yet prove to be so unnatural for the mosquito

that poor results are obtained. On the other hand, the ordinary local hut may be quite
unsuitable because the mosquitos find so many exits and entrances that window traps catch
hardly anything. When the anopheline population is very high, this problem loses some of

its importance.

(b) The next point to consider is the accidental contamination of check huts, window-
traps, holding tubes and other apparatus by personnel riding in, or transporting material in,
contaminated vehicles or wearing contaminated boots and clothing. When visiting the
experimental huts one should always go to the check huts first and then the sprayed huts in
order of increasing dosage, Window (door) traps and other materials should never be inter-
changed between sprayed and unsprayed huts and should be washed regularly. The check huts
should be kept as far away from sprayed huts as is possible and convenient, Where contamina-
tion is suspected, wild-caught mosquitos may be exposed to the hazard and observed for 24
hours.

(c) Experimental huts and window—-traps of classical design have given good results in
some places - in others they have been less successful. The reasons for this are not clearly
understood but there is no.-doubt that the design of huts and traps is far from satisfactory,

A further development of the "verandah-trap" seems to offer opportunities. Consideration
might also be given to the enclosing of an ordinary hut, typical of the area, in a large
screened cage in which daily mortalities would be calculated from mosquitos picked off sheets
both inside and outside the hut, The contamination of traps should be checked periodically.

A recent modification of the entry space through the eaves proposed by Smith (1970) seems
to increase the possibility of collecting a higher number of mosquitos attempting to leave the
huts. The eaves are modified in such a way that the possibility of entry through the eaves
remains high but the exit of mosquitos through the eaves is low, so that the mosquitos leaving
are forced to fly into the window-traps. The eaves of. the huts fitted with window-traps are
modified as follows:
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A piece of metallic or rigid plastic netting is fixed to the interior parts of the wall
all round the eaves (Fig. 24 A), leaving a space of about 4-5 cm at the top through which
the mosquitos will enter. The net is about 30-40 cm wide depending on the aperture of
the eaves. The top of the net is fixed to the wooden pole of the roof in order to leave
a space of about 4-5 cm (Fig. 24 B). In the absence of the above-mentioned materials,
nylon mosquito netting, or pieces of white or dark sheets of convenient size, could be
used for reducing the space between the roof and the wall to 2-4 cm.

It is reported that this method increases considerably the numbers caught in window-traps
and can be used with door traps in huts with relatively large eaves,

6. CATCHES IN OUTDOOR SHELTERS

6.1 PRINCIPLE

Mosquitos resting outdoors are caught by hand or with the aid of an aspirator,

6.2 OBJECTIVES

(a) To study the outdoor resting habits of mosquitos resting naturally outdoors or as
a consequence of the deterrent and irritant effects of insecticides.

(b) To collect blood samples for precipitin tests from blood-fed mosquitos resting
outdoors,

(c) To collect samples for other qualitative studies (species present, age, infection).

Note

The collection of resting Anopheles in outside situations now occupies a position of some
importance in malaria campaigns. Much time and ingenuity can be spent in making such catches
more productive, Since the locating of natural resting sites is an arduous and frequently
unprofitable occupation, artificial outdoor shelters are commonly employed, The distinction
between natural and artificial is itself an arbitrary one, since "artificial” shelters may
range from slight modification of existing harbourages to the setting up of traps or boxes
made in a workshop. For certain studies, such as outdoor resting behaviour, it is essential
to concentrate on natural resting sites only; but in assessing the effect of antimosquito
measures on the outdoor resting population, artificial shelters have many advantages, not

least among them being the provision of a standard type of catch which can be used for
quantitative work.

6.3 MATERIALS AND METHODS OF COLLECTION

One of the following devices can be used:
~ Suction tube and a torch for dark places

~ Mechanical aspirator (sweeper) for collecting mosquitos from vegetation, holes, etc,
(Fig. 6)

- Artificial resting shelters (pit shelter, barrels, boxes, etc.)
- Drop net for collecting mosquitos from grass or low vegetation (Fig, 25 A and B)
When using a drop net, the mosquitos may be driven out of their resting places by distur-

bing them mechanically, using a stick or an irritant such as citronella or a very dilute
solution of pyrethrum, The mosquitos are easily collected by a man inside the drop net.
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Fig. 24. Modification of eaves of huts fitted with window traps.

- a = mosquito netting;  -b = roof pole; n = nail or peg; w = wall,
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Fig. 25. Drop net for collecting mosquitos from grass or low vegetation,

A, Net being lowered; B. Net in place with collector inside.
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Fig. 26. Siting of artificial resting places.
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A hand net may also be used to catch mosquitos in flight or resting on vegetation
(Fig. 30). -

6.4 NATURAL HARBOURAGES

The outdoor resting sites of mosquitos fall into two main groups, those actually within
vegetation, and those, such as cavities in banks, under bridges, tree bases and rock hollows,
in which there is some free space in the immediate vicinity of the insect and some continuity
in the walls or overhang of the shelter. Most vector Anopheles fall into the second
category, e.g., A. gambiae, all the A. funestus group, A. nili and a number of other species,
They should be sought particularly in well-shaded earth banks, in the sides of deep gulleys,
pits or river banks, under fallen logs, at the base of banana trees where these are grouped
together, in open termite mounds and in shaded cavities among rocks and stones. Both
A. melas and A, merus may be found in large numbers resting at the base of solitary trees and
on the aerial roots of mangrove trees in situations which are often quite exposed to light but
not sun. A. sergenti, A. superpictus and A, pulcherrimus are good examples of species which
use caves to a considerable extent as resting places.

The group of vegetation resters includes A. albimanus, A. hyrcanus, A. sinensis, the
A. coustani complex, A. pharoensis, A, squamosus, A, aquasalis, A. aconitus, A. sundaicus,
A, balabacensis and A. farauti. They may be found amongst tall grasses at the base of growing
rice stems, in reed beds, and in bushes very close to the ground, It should be mentioned
that even domestic species such as A. maculipennis or A. sacharovi can often be found resting
outside houses in natural shelters (under bridges, natural excavations, and caves, sometimes
outside the village in spots where hosts are available near the natural resting places).

6.5 ARTIFICIAL SHELTERS

Artificial resting sites can be used to simulate the natural harbourages of the non-
vegetation resting groups. They are designed with the object of competing with natural sites
80 as to cause concentrations of the mosquitos resting outside at a few, relatively accessible
points (Fig. 26). Apart from the elementary procedure of hollowing out or modifying existing
cavities, two types of shelter have been found to attract A. gambiae and A. funestus,

6,5.1 Box shelters

These are intended to provide relatively cool, dark shelters of a semi-permanent nature.
They consist of boxes covered with a plastic sheet and then buried in the earth with the
entrance partially closed with a dark cloth leaving a space below for the entry of mosquitos
(Fig. 27). A useful size of box is 0.9 m high by 0.6 m wide by 0.9 m deep. The whole box
is covered with a plastic sheet and then buried in a mound of earth, leaving the entrance
clear, A curtain of some dark, tough, light-proof cloth is hung over the open front of the
box, leaving a space of 20-30 cm below it. The cloth is fixed with rings and hooks or string
at the bottom, so that it can be rolled up out of the way when the interior of the box is
being examined for mosquitos.

Disadvantages

Box-shelters suffer from two disadvantages. Firstly, they are occasionally destroyed
by termites, although this seems to happen less rapidly than might be expected, Secondly,
they need a certain amount of routine maintenance, In particular, the earth covering them
needs periodic reinforcing, especially after heavy rain, In some places goats and chickens
may constantly lay bare the boxes, and it may be necessary to pile rocks and stones round them
as well as earth, The main function of the earth is to insulate the box from the heat of the
sun, and a partly exposed box tends to be avoided by mosquitos,
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Fig. 27. Box shéltef?

. a = box;-- b = plastic cover;
c = curtain.
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Fig, 28, Barrels as artificial resting places.
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6.5.2 Barrels

Barrels or any other ready-made container, as for example large earthenware pots which
are preferable to barrels during the dry season (Fig. 28 A and B) may be used in the same way
as boxes, provided they are sufficiently large - not less than about 0.6 m in diameter - and
are put up in shaded positions. The latter provision is particularly important if they are
to be used without curtains. Metal barrels and earthenware pots may, with advantage, be
buried in vertical banks or ravines, rivers or other suitable sites, like the box shelters.

6.5.3 Pit shelters

Deep pits are dug into the ground 1.5-2 m deep, 1.2-1.5 m long and 1 m wide. The site
chosen should be well shaded by trees or by some form of artificial roofing, Small cavities
are then hollowed out to a depth of about 0.3 m in the sides of the pit from 0.5-0.6 m above
the bottom (Fig. 29 A and B). Mosquitos may be caught on the sides of the pit or inside the
cavities. Pit shelters are relatively.permanent and require only unskilled labour for their
construction, They are also highly productive in some areas, It should be remembered that
mosquitos only rest in the pit shelter if fhey find the same favourable conditions as those
offered by the usual habitats of a given species. Therefore, pit shelters might not be useful
for the collection of species which normally rest on vegetation. On the other hand, some
vegetation-resters, e.g., A. aconitus, enter pit shelters readily.

Disadvantages

Pit shelters cannot be used where the water table is near the surface or the site is
liable to flood, nor where the soil is sandy and friable or too humid.

It must be remembered that pit shelters are potentially dangerous and the entomologist's
work may be greatly hampered by the accidental trapping of a cow, horse, or goat. Another
matter to guard against is the tendency of local inhabitants to use the pit shelter as a
latrine, To avoid these annoyances pit shelters should always be fenced in and their objec-
tive clearly explained, Even with these precautions it is still possible for the occasional
snake to be accidentally trapped in these pits.

6.6 SELECTION OF THE TYPE OF SHELTER TO BE USED

The entomologist must experiment in order to find out which is the best shelter to use
in his particular area and with a given'speéies. In some places, as for example some
equatorial forests, outdoor resting vectors are very difficult to find and the best shelters
appear to be small erections of leaves and sticks pﬁt up on the forest floor,

6.7 SIGNIFICANCE OF DATA COLLECTEDr

It is important to remember that seasonal changes in the densities in the artificial
shelters may not necessarily correspond exactly with density changes in the whole population,
since the availability and attraction of natural shelters may also vary seasonally. This
effect is particularly marked in the northern savannas of Africa, where fires in the dry
season drastically reduce the amount of shade available and the humidity, so that catches in
artificial shelters are disproportionately high. It should be remembered that an outdoor
artificial resting shelter represents a habitat close to the normal indoor conditions (light,
humidity, etc.).

6.8 HAND NET

Collection of outdoor resting or flying mosquitos may also be carried out by use of a
hand net. Details of construction and use are shown in Fig. 30.
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“Fig. 30. Construction and use of a hand net.

1. Nylon,gauzé,éoné}— 2. Hand;ey"Q. Métal ring
4. Screw; - 5. Plastic. tube, open both ends
6. Cotton wool or cork stopper. '
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7. LARVAL SURVEYS

The first essential for making a larval survey is an adequate sketch map of the area, or
at least something that shows the major topographical features, so that the approximate
location and extent of permanent sources of water can be marked on it (Fig. 31). To get a
good preliminary idea of an area one can hardly do better than to follow the traditional
practice of the malariologist, namely to set out on foot and to make two traverses at right
angles to each other across the whole extent of the district. In many tropical countries, the
distribution of human settlements is partly determined by the availability of water, so the
next step is the locating of domestic sources of water, such as wells, dams, and tanks.
Exhaustive surveys of such sites in the later stages of an eradication scheme may be
particularly important in defining residual pockets of anopheline breeding.

An experienced observer soon gets to know the usual characteristics of vector breeding
sites and to learn the association between different species and different types of water -
its permanence, flow and cleanliness, the nature of the substrata, the vegetation, whether
emergent, trailing or floating, and the amount of high shade, However, he will also find out
that there are very few types of water, with the possible exception of tree-holes, that will
not at some time or other be found to harbour vectors. Consequently, when concentrated
surveys are being made of a particular area, no pool or collection, however unlikely, may be
left unsearched.

Surveys should be carried out at intervals throughout the year, since the results will
obviously vary markedly according to the season. Many species tend to disappear almost com-
pletely during the dry season, probably because they persist in very low numbers in large or
diffuse areas of perméﬁént water, On the other hand, those that occupy small pools are some-
times more readily found at this time of year owing to the limited number of sites to be
searched, - When the rainy season sets in, the position is often reversed and when A. gambiae,
for example, has been greatly reduced by spraying it may be almost impossible to locate its
breeding sites. It should also be pointed out that larval surveys should not be carried out
immediately after a period of heavy rain, The effect of this is simply to wash out the larvae
from small pools and streams, while in larger collections the small numbers of insects
originally present become scattered over wide areas of water and are corresponding}y difficult
to find. In many areas larval surveys will be most productive towards the end or just after
the wet season, when most species will have built up to a peak and the limits of the breeding
sites have temporarily stabilized,

Exact details of the sites from which larvae have been collected should always be recorded
and a notebook carried for the purpose, A separate tube should be kept for each site, and
this should be labelled appropriafely. A solid block of wood with wide holes bored in it may
be found useful for standing the tubes in while the actual collections are being made, In
transporting larvae it is obvious that elementary precautions should be taken to prevent undue
shaking or exposure to extremes of heat, When carried over long distances the principal
causes of death are drowning, resulting from inability of the larvae to maintain themselves
at the surface, and overheating. The first risk can be reduced if narrow tubes are used, with
a diameter not greater than 2.5 cm. Overheating can be avoided by placing them in vacuum
flasks or insulated in "picnic bags'. It is also sometimes advisable to carry a supply of
water from the breeding site in a separate container so as to have sufficient for rearing the
larvae in the laboratory. Another method of transport is to strain the water with the larvae
through a sieve lined with soft material, and to support this in a wide-mouthed container Jjust
above the surface of the water, The cloth is kept saturated by the water splashing up each
time the container is shaken, and the larvae may survive quite long journeys under bumpy con-

ditions. If large numbers of larvae are to be transported by this method, a satisfactory
carrier can be made from a four-gallon (15-litre) kerosene can, containing a nest of perforated
metal trays fitting one above the other and lined with cloth. The top tray is covered with

grass and small quantities of water are poured on to it at intervals, so as to drip down
through the trays and to keep them moist,



