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and on the approximate dosage of this insecticide
required for control ".c. d

Conclusion
The susceptibility of Simulium larvae to very low

concentrations of the insecticides, particularly the
mortality of over 90% with dieldrin at 0.004 p.p.m.,
indicates the need for further experiments in larvi-
cidal control of blackflies to find lower, and yet
effective, concentrations than those in use at present-
namely, 0.1 and 0.4 p.p.m. for 15 minutes when
applied by aircraft or by hand spraying or pouring c

to alleviate the harmful effects of the insecticides on

c Jamnback, H. & Collins, D. L. (1955) Bull. N. Y.
St. Mus., No. 350.

d Crisp, G. (1956) Simulium and onchocerciasis in the
Northern Territories of the Gold Coast, London, Lewis,
p. 127.

fish or on other arthropods which serve as food for
fish in the rivers.
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The Use of an Artificial Breeding-site and Cage in the Study
of Simulium damnosum Theobald *

by J. D. M. MARR, Senior Research Officer, Onchocerciasis Research Station,
West African Council for Medical Research, Bolgatanga, Ghana

During the dry season in the Upper Region of
Ghana, when the few remaining breeding-sites are
relatively unproductive and the number of adult
Simulium is correspondingly small, it would be an
obvious advantage if more breeding could be
encouraged and all the flies emerging therefrom
could be trapped for experimental purposes. This
note demonstrates the effectiveness of an artificial
breeding-site and describes a cage into which all the
Simulium emerged, where their behaviour could be
readily observed and where they could be enticed
into biting man in captivity.

This experiment was carried out in January 1961,
when the only river flowing in the north-east of
Ghana was the White Volta. By then the river was
quite small and meandered slowly over a sandy bed.
Breeding was confined in the upper reaches to the
rapids at Zongoiri and a disused drift at Pwalugu.
The latter site was chosen for two reasons: (1) it was
only 16 miles (25 km) from the laboratory and (2) the
river at this point was restricted to a 14-foot (4-m)

* Note submitted to the Second WHO Conference on
Onchocerciasis, Brazzaville, June 1961.

gap in the drift which was constructed of very large
boulders. While these boulders were suitable attach-
ments for Simulium larvae, the amount of breeding
was small, as manifested by examination of the
various underwater supports and also by fly catches.
Because of the fast flow of water, the breeding
potential was obviously high, and the development
of a more suitable environment for oviposition and
the early stages of Simulium appeared possible. Also
the narrow gap was ideal for the positioning of a
cage for the second part of the experiment.

The artificial breeding-site

Crisp,a Muirhead-Thomson b and others have
shown that S. damnosum prefers to lay its eggs'on
trailing vegetation rather than on either vertical
supports or submerged objects. This has been
confirmed by personal observation. In trials carried

a Crisp, G. (1956) Simulium and onchocerciasis in the
Northern Territories of the Gold Coast, London, Lewis.

b Muirhead-Thomson, R. C. (1957) Rev. appl. Ent. A,
45, 90.
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out by Wanson & Henrard C 18 egg batches were
[aid on floating hurdles, 13 on vertical attachments
and 4 on stones.
To simulate the optimum conditions it was

decided to have sticks floating in mid-stream. This
was done by tying three ropes across the gap just
below water level, one at the entrance, the second
in the middle and the third at the exit. To each were
firmly attached 6 sticks, 12 inches (30 cm) apart.
The sticks were of white wood, 1 inch (2.5 cm) wide,
l/2 inch (1.25 cm) thick and of three lengths-I foot,
2 feet and 3 feet (30, 60 and 90 cm)-and were so
arranged along the rope that no two sticks of any
one length were together. They were all submerged
where they were attached to the rope, but the distal
ends of the longer sticks protruded above the
surface. The flow of water in rows 2 and 3 was
sufficient for the development of S. damnosum, but
in row 1, it was hoped to attract other species, for
example, S. adersi and S. griseicolle, which had
previously been found on the stones at the site.
There was a considerable quantity of decaying

vegetation and other extraneous material washed
down the river and caught on the rope and sticks,
and a boy had to be employed to remove this hourly.
In future, it would be an obvious advantage to
place a net upstream to trap all this debris and
prevent the supports from being fouled.

The cage

The cage was planned to hold two people and to
rest on a stretcher which straddled the gap in the
drift 2-3 inches (5-7.5 cm) above water level. It was
divided into two parts: (1) an entrance cage in which
the person was shut in before proceeding into (2) the
main cage to which the emergent flies were restricted.
This arrangement was adopted to prevent any flies
from escaping and any outside Simulium from
entering the cage, one object of the experiment neces-
sitating that all the flies in the cage were nulliparous.
The complete cage was 5 feet 9 inches (1.75 m)

long, 3 feet 1 inch (0.94 m) wide and 3 feet (0.91 m)
high, the internal length of the main part being 3 feet
10½/2 inches (1.18 m) and of the small cage 20 inches
(0.50 m).
The corner supports were of hardwood 2 inches

(5 cm) square. Straps of wood, 2½/2 inches by
3/4 inch (about 65 mm by 20 mm), top and bottom,
formed the frame. The roof was of 3/16 inch (about

c Wanson, M. & Henrard, C. (1948) Rev. appl. Ent. A,
36, 146.

4.5 mm) plywood as was the floor of the entrance
cage. Mosquito netting of 22 mesh to the inch
covered the sides of both sections and the end of the
main cage. The entrance end was of plywood and
had a door, 31 inches (80 cm) high by 24 inches
(60 cm) wide, hinged to open outwards. Dividing the
cages were two curtains of khaki drill with an overlap
of 15 inches (about 40 cm), and hung on expanding
curtain wire so that they could be readily opened and
closed.
The stretcher for the cage was constructed of two

4-inch by 2-inch (10 cm by 5 cm) timbers, 14 feet
(about 4 m) long and 20 inches (50 cm) apart. It
rested on the many boulders available at either side.
When all was in place, two boards, 24 inches (60 cm)
by 12 inches (30 cm) by 1 inch (2.5 cm), were nailed
to the stretcher inside the main cage as seats for the
fly-boy and supervisor.

All four corner supports of the main cage were
extended downwards by 18 inches (45 cm) so that
they were partially submerged in the water. Those
at the upstream end were vertical and between th-m
were tied three ropes, 3 inches (7.5 cm) apart, to
which the sticks bearing pupae could be attached.
The extensions downstream were at an angle of 450
to the vertical, to offer less resistance to the water
passing under the cage. Round all four legs, between
the cage and the water, was an apron of khaki drill,
which was nailed to the main cage at the sides and
tied securely round the stretcher at the ends. It was
18 inches deep when fully extended, but was rolled
up to just below water level. In this way the main
cage was totally enclosed and no flies emerging from
the pupae placed inside could escape.

Efjectiveness of artificial breeding-site and cage

The daily 12-hour fly catch at the site varied from
0 to 13 S. damnosum. The reservoir of flies was
therefore very small and immediate results could not
be expected. However, such was the effectiveness of
this artificial breeding-site that the first batches of
eggs were laid within 24 hours of the sticks being
placed in position and at regular intervals thereafter.
This maintained a steady supply of flies for the cage
until the river became so low and the flow so greatly
reduced that S. damnosum could no longer develop.
In the slow-flowing water algae grew very quickly,
enveloping the larvae and pupae and preventing
their further development.

It soon became evident that the flies were oviposit-
ing only on the longer sticks, which were breaking the
surface of the water. The 1-foot sticks were too
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short to be of any use and were later replaced by
3-foot sticks.
With this arrangement of supports across the river

observation of the early stages was possible with the
minimum of disturbance, and information was
collected on oviposition, on the length of develop-
ment of the various immature stages, on the migra-
tion of larvae, and on predation.
When the cage was put in position it was very

simple to remove the sticks once pupae had formed
on them, and transfer them inside the cage, attaching
them to the rope on the submerged legs. Whenever
these pupae were exhausted they were replaced by
others. As many as six sticks could be put in the cage
at one time.

This arrangement proved most effective from the
start for providing a regular source of flies. A
maximum of 380 Simulium adults was counted in the
cage at one time but, because the flies were short-
lived, the number was occasionally as low as five.
Despite this drawback, they were readily induced to
feed on fly-boys and some aspects of their behaviour
could be studied.

Other genera andpredators in the cage

There was a regular intrusion of other species of
aquatic insects into the cage, many presumably
emerging from the early stages on the bed of the river.
Lepidoptera spp., Hemiptera spp. and Coleoptera
spp. were most common, but some Diptera spp. and
Ephemeroptera spp. were also found. They were all
removed daily to prevent large numbers from
accumulating.

In case these extraneous insects were being washed
into the cage by the current, the apron round the
legs was supplemented with copper mosquito netting
to a depth of 18 inches. The number of these insects
was then reduced, but whether this was because of
the net, or because most immature stages below the
cage had by then emerged, could not be determined.
The netting collected a lot of debris which had to

be continuously removed. It also slowed the flow of
water through the cage considerably. At first this
was still sufficient for the continued development of
the pupae, but later it became so sluggish that algae
quickly spread over the sticks and smothered the
pupae.

Occasionally a few spiders succeeded in crawling
into the cage, but they were easily removed.

Just after the cage was positioned it was invaded by
a colony of ants, which found the Simulium adults,
especially the dead ones, an attractive source of food.

Grease bands made from khaki drill soaked in a
mixture of car grease and heavy oil and tied round
each arm of the stretcher adjacent to the cage proved
a very successful deterrent.

Oviposition

Oviposition was observed on several occasions,
always in the evening after sunset when the light was
fading. The atmospheric conditions were remarkably
similar each time. The light reading was 1.2 (Weston
Light Meter); the temperature, 27-28°C; and the
humidity, 60-63 . During the two hours prior to
egg-laying there was a significant rise in humidity of
30-40% and a marked drop in temperature of 6°C.
On many evenings, two of the three factors, light and
temperature, were within the limits mentioned above,
but the humidity remained very low-between 11 %
and 25 %-and no egg-laying took place. Un-
fortunately, no barometric pressure readings were
taken at the time.
These observations suggest that it is not merely the

maturation of the eggs that activates oviposition by
the adult female. The flies are obviously clearly
affected by the prevailing atmospheric conditions. If
these are unsuitable at any time, as they are during
the dry season, it is possible that the fly may not be
stimulated to lay its mature eggs and may go into
aestivation, using the eggs as a food reservoir which
can be reabsorbed.
The number of flies ovipositing at any one time

varied from 1 to 18, the latter number being divided
amongst three sticks. At no time were flies seen
plunging into the water to reach submerged sticks or
rocks. They always landed first on the distal ends of
the sticks and crawled down into the rushing water
at the top, sides, or bottom of the sticks. As the
eggs were laid the fly moved forward so that a string
of them was left behind. The final result was an
irregular mass of eggs which was often added to by
other flies ovipositing at the time.
While fewer early morning observations were

made, flies were never seen ovipositing then and no
newly laid batches of eggs were ever found at that
time of day.
The eggs were a cream colour when laid, but

changed to dark-brown overnight.
S. adersi oviposited regularly on the first row of

sticks, laying its eggs in neat circular clusters, about
3/8 inch (10 mm) in diameter, on the underside of the
sticks. They were also white and turned light-
brown overnight.
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The only other eggs found in the experiment were
masses of purple eggs laid at water level and belong-
ing to a species of Odonata prevalent at the time.
Three double coils of eggs in thick jelly were found
on the ropes and identified as Ephemeroptera sp. from
the larvae hatching from them.

Duration of immature stages
Water temperature, which is a probable factor

affecting the time taken by the various immature
stages of Simulium to develop, was very changeable
throughout this experiment. It varied from as low as
20°C at 6 a.m. to 28.50C at 4 p.m. The difference was
always at least 6°C on any one day.
Under these conditions, the eggs hatched in

36-48 hours, the larval life lasted 8-9 days, only a few
going on to the tenth day, and the pupal stage lasted
24 days.

This time for the hatching of eggs is comparable
with that observed by Crisp,a who found the eggs
took 36 hours to complete their development at a
temperature of 26°C, and is slightly shorter than that
noted by Barnley,d who recorded 2-3 days at a
temperature of 26.5°C. Wright,e in an indoor ex-
periment, observed the hatching-time to be 36 hours
at a temperature of 25.80C.
More divergence has been seen in the duration of

larval life. Wanson & Henrard c mentioned 5 days,
Barnley d found it to be 6-8 days at 26.5°C and
Crisp c recorded 10-13 days during the dry season in
Northern Ghana. Under artificial breeding-condi-
tions the larval stage lasted 14-17 days on one
occasion and 14-40 days on another at a temperature
of 25.8°C (Wright e). Obviously the amount of food
available to the larvae is a decisive factor in how long
they take to pupate, and this probably varies from
river to river at any given temperature.
The duration of pupal development was carefully

checked by ringing newly formed pupae with a
grease pencil. It will be shown later that there was a
preponderance of males in the first emergence of flies,
and the difference in the time of pupal development
from 2 to 4 days might be a matter of sex differentia-
tion. A similar variation was recorded for S. adersi
pupae, but S. griseicolle all took 4 days.

Migration of larvae
Evidence of larvae migrating was seen on the sticks

within two days .of placing them in position. S. adersi

d Barnley, G. R. (1952) An attempt to eradicate S.
damnosum Theo. from an area on the Victoria Nile, Uganda
(unpublished report).

e Wright, F. N. (1957) Nature (Lond.), 180, 1059.

of various instars appeared on all three rows of sticks,
S. damnosum on rows 2 and 3 and a few S. griseicolle
on row 3. Since the only other known breeding-site
was about 30 miles (48 km) upstream, it is evident
that these larvae must have been coming from the
boulders at the site and immediately upstream from
the site.

Crisp a suggests that the main reason why larvae
become detached from the substratum and migrate is
that the current is too strong, but at Pwalugu
noticeable migration of larvae from sticks occurred
when the current decreased. A stick in row 2, with a
large population of S. damnosum larvae of approxi-
mately fourth instar, became lodged in the slower-
moving water at the side and most of the larvae left.
Later, when the flow of water became appreciably
slower and algae developed on most of the sticks,
many larvae floated away, while those that remained
were smothered in the mass of algae.

Predation
No predation of the immature stages was observed,

but on one occasion when both S. damnosum and
Odonata sp. were actively ovipositing on the same
stick, the Odonata sp. were seen to be catching the
Simulium females.

Emergence of the flies
Flies were observed to emerge principally in the

evenings just before sunset, and occasionally during
the mornings. The following tabulation shows the
extent of the evening rise and the less-significant
morning emergence:

Date Time No. offlies
in cage

21.1.61 16.30 30
17.00 60
18.00 380

31.1.61 16.00 38
17.00 125
18.00 295

31.1.61 8.00 32
9.00 102
10.00 104

5.2.61 8.00 99
9.00 118
10.00 172
11.00 198

These figures conform to the findings of Lewis et
al.,f who record that when breeding is plentiful nulli-

f Lewis, D. J., Lyons, G. R. L. & Marr, J. D. M. (1961)
Ann. trop. Med. Parasit., 55, 202.
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parous flies are caught in the morning and evening
during the rains in Northern Ghana, suggesting that
flies normally emerge at these times.

There was almost invariably a preponderance of
males in the first lot of flies coming from any batch of
pupae. The average proportion of males was 65 %,
the highest 750 and the lowest 50 %. Two days later,
the percentage of males had fallen to 20-30o%. This
agrees with the findings of Wanson & Henrard, c who
record males as being two to three times as numerous
as females and emerging a few hours earlier.

Longevity of the adults
It was expected that the humidity in the cage,

which was immediately above the water, would be
higher than that away from the river. However,
during this experiment a very strong, dry harmattan
was blowing which made conditions similar inside
and outside the cage. This, combined with the fact
that the sun, striking the cage directly, made it very
warm, caused most of the flies to die within 24 hours.
The tabulation below, which shows the fluctuation
in the number of flies in the cage between the evenings
of 21 and 22 January, exemplifies the daily trend.

Date

21.1.61
22.1.61
22.1.61
22.1.61
22.1.61

Time

18.00
9.00

12.30
16.20
18.00

Temperature

250C
250C
320C
300C
260C

Humidity

26%0
26%
21%
25%
74%

No. offlies
380
250
99
39

252

The evening count is mainly comprised of newly
emerged flies.
To improve conditions inside the cage, a canvas

canopy was erected over it to provide shade, and
later a blanket dipping in the water was fixed over the
windward end of the cage and kept wet by throwing
water on to it. The canopy by itself reduced the
temperature slightly, but made no difference to the
humidity, which was increased significantly by
the blanket. Even so, the humidity fell to 160% in
the cage when the outside humidity was 11 %, and
this was too low for the survival of Simulium adults
in captivity, especially when the temperature was
over 30°C.

This hot dry atmosphere had a marked effect on
the size and shape of the abdomen of the males.
When newly emerged they were distinctly larger than
the females, but within 24 hours the abdomen had
shrunk so much that they became considerably
smaller. There was not such a difference in the
females, possibly because they have a greater supply
of fat body.

It is interesting to note the varying period of
survival of 37 flies that were removed unfed from the
cage and kept in the laboratory in individual tubes at
a temperature of 24-25°C and a humidity of 85-92 %.

Period of survival
(days)

l
2
3
4
5
6
7
8

Number offlies

14
6
4
4
4
2
2
l

These flies were fed daily with a drop of sugar solu-
tion on which they fed voraciously. When a similar
solution was put in the cage in a drip bottle with a
long wick and also in a Petri dish only 3 flies
2 females and I male attempted to feed on it over a
period of three days.

Behaviour of the flies
The flies were clearly stimulated by changes in

temperature, humidity and light. Table 1 shows how
they were affected by the varying conditions in the
cage throughout the day. These reactions were
recorded on several days and the figures given are an
average of the readings noted each time the flies
acted in the way briefly described.
On two occasions at 18.00 hours, when the

humidity did not rise, but remained at 10% and 18 %,

TABLE I

EFFECT OF CHANGES IN TEMPERATURE, HUMIDITY AND
LIGHT ON THE BEHAVIOUR OF THE FLIES IN THE CAGE

Temperature Humidity

160C

18°C

23°C

28°C

29°C

31°C

28°C

73%

61%

35%

20%

20%

29%

59%

Time Behaviour

6.00-7.00 hours

Sunrise

2-4 hours after
sunrise

About noon

Noon to 15.00
hours

16.00-17.00
hours

18.00 hours
(after sunset)

Flies inactive

Flies active

Flies very active

Flies inactive and
resting

Flies dying

Flies showing
slight activity

Flies very active
(newly emerged
flies)
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respectively, the flies behaved as those did before
sunrise, when the humidity was high but the tem-
perature low.

In the morning the flies were very strongly photo-
positive and, from sunrise onwards each day, it was
the stimulus of direct sunlight to which they reacted
principally. When conditions became obviously
adverse they remained in the sunlit patch of netting
until they fell off dead in the afternoon. Towards the
end of the experiment the canopy was extended and
lowered to provide more shade, and only then did up
to 25 % of the flies move into the bottom of the cage
around the apron which was 1-4°C cooler and
2-26% more humid.

Biting behaviour of the flies in the cage

Very few workers have been able to get Simulium
to bite in captivity. Dalmat g succeeded in inducing
some adults to take a blood meal after treating them
with carbon dioxide gas. Crisp a records that his
assistant was bitten in a small cage from which he
was removing S. damnosum adults. Muirhead-
Thomson h was able to get hungry females, kept in
6-inch (15-cm) cylindrical feeding-tubes, to feed
through cotton netting on the legs of some persons.

In this experiment a fly-boy was put into the cage
whenever the first lot of flies emerged. He sat on one
board with his feet on the other, and waited for the
flies to come to him. Apart from the occasional fly
which landed on him apparently accidentally, and
did not rest, none approached him at all, even when
there were 380 flies in the cage of which approxim-
ately 150 were females.
Because the flies remained in the corner of the cage

where the sun was striking, the author held his hand
and arm up amongst them. Many flies, both male
and female, landed on him, but, if he moved his arm
elsewhere on the netting, the flies were not attracted
to it. Within three minutes one fly bit his thumb and
took a blood meal.
A fly-boy was then brought into the cage and

arranged in such a position that one leg and arm were
against the netting in the corner where the flies were
most plentiful. Given proper support he did not find
it too uncomfortable. The supervisor sat behind him
and, as a fly bit the boy, put a 1-inch by l/2-inch
(25 mm by 12.5 mm) tube over the fly and timed how

g Dalmat, H. T. (1952) Rev. appl. Ent. A, 40, 90.
h Muirhead-Thomson, R. C. (1959) Rev. appi. Ent. A,

47, 193.

long the insect took to feed, that is, from the moment
it penetrated the skin until it moved away.
As many as 12 flies could be counted on the fly-boy

at a time, and some soon started feeding actively.
No preference was shown for any particular site, the
flies biting the fingers, hands, wrists, arms, legs,
ankles, feet and toes indiscriminately.

Altogether 143 flies bit the fly-boy on nine different
days. The greatest number caught in any hour was
13. The percentage of flies biting varied from less
than 1 % to as much as 33 %.
The biting behaviour could not be directly related

to the conditions prevailing at any time because the
flies were not actively attacking the host. In fact,
most biting was recorded when the flies in the cage
had passed their peak of activity and were resting.
It was noticed that flies never bit immediately on
landing, but only after a lapse of a few minutes, as if
they were being stimulated by the host in some way.
Some such stimulus would account for as many as
7 flies biting, out of 21 in the cage, at a time when the
flies were relatively inactive. On the other hand, at
times of high fly activity, only 1 out of 285, 4 out of
273 and 13 out of 215 flies, for example, were caught
feeding. The average feeding-time was 33/4 minutes,
most flies biting for 21/2-4½/2 minutes-a slightly
shorter time than the 4-6 minutes recorded by
Crosskey i for flies in the field. Some, which just
bit the fly-boy but did not settle on him, succeeded
in taking some blood, while one, which remained
biting for 8 minutes, did not get any. Flies living long
enough for eggs to mature fed from 1 1/2 to 13 minutes.

Keeping the flies in the laboratory

All the flies that bit the fly-boy were transported
to the laboratory in an ice-box. They were then kept
in tubes in a tank of water, as described by Lewis et
al.f

Instead of screw-capped tubes, 2 l2-inch by 3/4-inch
(62.5 mm by 20 mm) plastic tubes with push-in caps
were used. A hole was bored in the cap, which was
covered with a layer of muslin before being inserted
into the tube. The flies were fed every day with sugar
solution but the inserts were changed only every
fourth day. If left longer, spots of fungus developed,
but otherwise this arrangement was satisfactory.
Of the 143 flies that were caught biting, only 104

had taken blood. The tabulation below shows how
long these fed flies lived:

i Crosskey, R. W. (1957) Rev. appl. Ent. A, 45, 19.
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Period of survival Number of
(days) fedflies

1 27
2 21
3 4*
4 18
5 17
6 11
7 3
8 2
9 1

104
* 3 of these were decapitated on the third day.

The size of the blood meal taken by any fly was
judged by the size of the abdomen, and also by the
stomach contents on dissection, especially if the
blood meal was very small. How this was related to
the longevity of the flies is shown in Table 2.

TABLE 2
RELATION BETWEEN THE SIZE OF THE BLOOD MEAL AND

THE LONGEVITY OF THE FLIES

Size of blood Number of days of survival
meal 1 2 3 4 5 6 7 8 9 Total

Very small 13 - - 2 - - - - 15

Medium 5 7 2 2 2 2 - - - 20

Large (fly fully
engorged) 4 12 1 14 13 5 3 1 1 54

The data in Table 2 suggest that totally engorged
flies live longer than those with only a partial meal.
It may be that, while the smallest blood meal is able
to initiate egg development, there is insufficient
reserve to maintain the flies after the eggs mature,
and the extra demand is not wholly met by the sugar
solution alone.

Maturation of the eggs
It was found by dissection and induced oviposition

that the eggs of S. damnosum mature after only one
blood meal. This agrees with the findings of Wanson
& Lebied,I who stated that engorgement had to be
complete; in this experiment, however, all the flies in
Table 2 that lived 3 days or more, including the two
with scanty blood meals, developed their eggs fully.

Oviposition induced in captive flies
Wanson & Lebied J recorded that oviposition

normally took place 5-9 days after a blood meal, but
I Wanson, M. & Lebied, B. (1953) Rev. appl. Ent. A,

41, 13.

Lewis et al.f were able, by decapitating the flies, to
induce them to lay fully mature eggs 3 days after a
blood meal. When this method was used, ovipositing
started almost immediately, but the time elapsing
between the blood meal and decapitation seemed to
have a distinct effect on the percentage of eggs laid.
Four days after a blood meal all the eggs were laid;
3 days after, half to three-quarters; and one fly,
decapitated 2 days after a blood meal, deposited
68 eggs and retained 409. It seems probable that this
is related to the state of maturation of the eggs.
Because the flies were not living very long in

captivity it was decided to induce the gravid females
to oviposit by some other method to see if it affected
longevity. Two methods were employed:

(1) The flies were shaken in a tube with some
water. This was not always successful, and, when the
eggs were laid, it was difficult to examine or count
them properly.

(2) Using the findings of Dalmat g that carbon
dioxide changed the behaviour of Simulium adults
and made the females oviposit, individual flies were
exposed to this gas until completely immobilized. At
first, this was done by inserting the tubed flies in a
glass bottle through which CO2 was passed, but later
it was found to be more effective to pass the gas
directly into the tube through a short length of
drawn-out glass tubing. When anaesthetized the fly
was carefully transferred to a specially prepared
recovery tube. This was a corked 3-inch by 1-inch
(75 mm by 25 mm) glass tube containing half an
inch (12.5 mm) of water. A strip of filter-paper
3 inches long, and cut to form a circle of 1-inch
diameter in the middle and arms 1 inch long and '/2
inch wide on either side of this circle, was inserted in
the tube so that the circle rested on the surface of the
water and the arms extended up the side. It was kept
very moist by the water and offered a suitable ovi-
positing-site that could readily be removed. The
fly quickly recovered in the tube and immediately
adopted a biting position, but could not be induced
actually to bite. It then moved about and, 4-6
minutes after recovering, it laid its eggs on the filter-
paper. Oviposition took from 2 to 5 minutes and was
always complete.

It is interesting here to note the effect this treat-
ment had on an unfed nulliparous fly. Four minutes
after recovery it adopted the ovipositing position,
which it maintained for 5 minutes although, of
course, it had no eggs to dispose of.
The removal of eggs did not seem to promote

longer life. All the flies recovered after exposure to
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CO2 but most died the following day, only one living
for four days afterwards.
None of the eggs oviposited developed; they were

all sterile. In this respect it is interesting to note that
no mating was observed in the cage at any time.
Lewis et al.f recorded that eggs removed from flies
caught feeding in the field developed in the labor-
atory. This would suggest that the flies mate after
their first blood meal but may not need to do so after
every blood meal, storing sufficient sperm in their
spermathecae for fertilizing successive batches of
eggs. The spermathecae from the flies caught in the
cage were all empty.

Discussion
The artificial breeding-site was placed in position

on 5 January 1961 and the cage erected on 19 January,
but, because of the rapid decrease in the level and
flow of the water, the experiment had to be inter-
rupted on 16 February. This note shows that the
methods described were successful in providing in-
formation on the bionomics of S. damnosum under
the severe, dry-season conditions prevailing at the
time, but it is felt that they could be adapted separ-
ately and together for more specialized research.
While the artificial breeding-site was designed to

promote more breeding, it could be a useful asset in
the field of control, especially in the Savannah district
of West Africa. Previous experience in Northern
Ghana has shown how difficult it is to observe the
complete development of any single batch of eggs
through to the pupal stage, especially in the rains,
when the rivers are so prone to significant daily

fluctuations. It is often impossible to time accurately
the larval development, which is variable from river
to river, and which is very important if control
measures are to be as efficient and economical as
possible. Artificial breeding-sites of the type des-
cribed, suitably modified with floats to maintain
them at a fixed depth relative to the changing level,
would be valuable in this respect. The advantages
of these breeding-sites are that they are cheap and
simple to set up, that they require little attention and
that they can be easily examined, either by wading
into the river or from a boat, depending on the
depth. Several of them, placed at fixed intervals
down a river, would be useful for determining the
effective range of an insecticide, which varies accord-
ing to the state of the river at any given time.
The fact that the cage, apart from providing a

useful source of nulliparous flies when used in con-
junction with the sticks, made it possible to induce
the flies to bite with relative ease is of paramount
importance. This paves the way for more research
into the transmission of onchocerciasis.

This cage was used over a river, but it could easily
be adapted for keeping flies in the laboratory, where
conditions can be controlled. By so doing, the opti-
mum conditions for keeping the flies alive for longer
periods and for inducing feeding could more readily
be found.

* *

My thanks are due to Dr G. R. L. Lyons for his helpful
suggestions during the carrying out of the experiment
described above and for his criticism of the script.

A Standard Method of Assessing Microfilarial Densities
on Onchocerciasis Surveys
by B. 0. L. DUKE, Senior Medical Research Officer, Helminthiasis Research Unit, West African Councilfor
Medical Research, Kumba, Western Cameroon

Assessments of the intensity of infections with
Onchocerca volvulus in human populations, made for
research purposes, should include observations on
the density of microfilariae in different parts of the
body, on the number and distribution of nodules,
on the severity and distribution of skin changes, and
on the severity and type of eye lesions. These four

aspects of the disease should all be considered in
conjunction, but the present paper is concerned only
with the estimation of microfilarial densities in the
body, for it is evident that no two workers adopt the
same method of assessment and that very few give
any details of the methods employed or seem aware
of the sources of inaccuracies that confront them.
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