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Mating, blood feeding, and oviposition
of Simulium damnosum Theobald in the laboratory
PETER WENK1 & JOHN N. RAYBOULD 2

The development of suitable techniques for colonizing the vectors of human oncho-
cerciasis in the laboratory would facilitate critical studies on many aspects of their biology.
Progress towards this end, however, has until now been prevented by the fact that no
African simuliid had been induced to mate in captivity. The main vector of human oncho-
cerciasis in Africa is Simulium damnosum, which exists in a number of different forms,
some but not all of which bite man. During the present investigations one form of
S. damnosum, the "Kibwezi" form, was successfully induced to mate, to blood-feed, and to
lay viable eggs in the laboratory. The methods described should be tested on other forms
of S. damnosum, especially the anthropophilic forms responsible for the transmission
of Onchocerca volvulus.

Simulium damnosum is the main vector of human
onchocerciasis in Africa. Unlike most insects of
medical importance, the Simuliidae have never been
successfully colonized in the laboratory, and no
African species has so far been induced to mate in
captivity. Muirhead-Thomson (1964, 1966) and
Raybould (1967a) point out that the laboratory
colonization of these flies would facilitate critical
studies on all stages of their life cycle, on the factors
affecting their development and survival, and on
transmission.
Although a great deal of work on laboratory

colonization has already been carried out, especially
in the temperate regions of the world (reviewed by
Muirhead-Thomson, 1966), the problem of rearing
the vectors of human onchocerciasis in Africa has
been tackled by relatively few investigators. Never-
theless, some progress has been made. A method of
rearing S. damnosum in the field, based on the modi-
fication of a natural breeding place, was developed
by Marr (1962). Various species of African simuliid,
including onchocerciasis vectors, have been induced
to take a blood-meal under artificial conditions
(McMahon, 1968; Raybould & Yagunga, 1969), but
the vast majority were wild-caught and not labora-
tory-reared. Similarly, certain species of wild-
caught fly have been induced to oviposit in the
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laboratory, producing viable eggs (Lewis et al.,
1961; Raybould, 1965). Raybould (1967a) reared
large numbers of a non-anthropophilic form of
S. damnosum from egg to adult, but unfortunately
this form could not be induced either to mate or
to take a blood-meal under artificial conditions.
Even outside Africa, successful mating of labora-

tory-reared simuliids, followed by blood-feeding and
oviposition of viable eggs, has been reported in
only one species, in S. erythrocephalum (syn. Booph-
thora erythrocephala) females (Wenk, 1965). The
present paper describes investigations that have, for
the first time, given successful results with a form of
S. damnosum.

S. damnosum exists in various forms, some but
not all of which bite man. Dunbar (1966, 1969) has
recognized a considerable number of distinct cyto-
logical categories within " S. damnosum ". He
regards these as sibling species and considers
S. damnosum to be a sibling species complex. The
forms used in the present investigations were those
which Dunbar (personal communication) has desig-
nated " Kibwezi " and " Sanje". He points out
that these are not legitimate species names but
merely convenient designations taken from collection
labels.

MATERIAL AND METHODS

Collection and transport of material
Pupae of the Kibwezi form of S. damnosum were

collected, attached to plant material, from a breeding
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site in the Pangani River at Maurui, near Korogwe,
at the foot of the Eastern Usambara Mountains in
north-eastern Tanzania. Pupae of the Sanje form
were obtained from tributaries of the River Zigi,
near Amani, in the Eastern Usambaras. This
material was transported to the laboratory in plastic
bags placed in an insulated box containing ice.
S. damnosum pupae were not separated from the
pupae of other species present.

Emergence cages usedfor mating experiments
In the laboratory the pupae were placed in cages

for the adults to emerge. In the early stages, cages
of two sizes were used. However, it soon became
apparent that the flies mated less readily in the small
cages (15x10x 10 cm) and in later trials only the
large cages (35 x 35 x 55 cm) were used. These
were made of black cloth supported by a wire
frame. One wall of each cage was lined with fine
white netting and a triangular opening, about 30 cm
high and 12 cm wide, was cut out of the black
cloth (Fig. 1) allowing light to enter through the
netting. The bottom of the cage was covered with a
layer of moistened foam-rubber. The vegetation
with pupae attached was placed on the foam rub-
ber in a loosely packed arrangement so as not to
entrap emerging adults. The whole cage was wetted
at the beginning of the trial and covered with a
plastic sheet to keep the conditions humid but not
too wet. Under these conditions the flies soon began
to emerge and 48 hours later the first females were
examined for the presence of spermatophores and
for sperm in the spermathecae. Further females
were collected and examined at intervals. Females
that had failed to feed in feeding trials were also
examined in this way.

Techniques for detecting inseminatedfemales
Inseminated female simuliids may be recognized

by the presence ofeither a spermatophore or of sperm
in the spermatheca. A simple staining technique
was used to render the spermatophore clearly
visible. About 25 Simulium females from the
emergence cage were fixed in 80% ethanol and then
stained for about 15 min in 50% saturated fuchsin
solution in 40% ethanol. No attempt was made to
separate S. damnosum from other species prior to
staining. After staining the flies were washed several
times in 80% ethanol to remove the stain from all
tissues except the spermatophore, then placed in
absolute ethanol and examined under a dissecting
microscope (x 8 and x 32 magnifications). The
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Fig. 1. An emergence cage showing triangular opening
lined with fine netting, through which light penetrates.

spermatophore lies with its anterior end dorsal to
the eighth sternite, and extends posteriorly. In
96-100% ethanol it retains the stain for at least a
further 20 minutes, and is readily visible if the thorax
is slightly pressed with forceps to extend the abdo-
minal segments.
To detect the presence of sperm, the spermatheca

has to be dissected out and examined under the
microscope. With practical experience (which may
be gained by the use of wild-caught flies) the
presence of a translucent ball of sperm of cotton-
like appearance may be reliably distinguished
from the loose granular material present in virgin
females.
To yield information on the timing of copulation,

the presence of newly emerged females was also
recorded. Newly emerged flies are recognized by
their opaque wings and by the appearance of the
legs, which are sharply demarcated into a number
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of pale and dark areas. Most of the pale areas
subsequently darken.

Blood-feeding S. damnosum females

Blood-feeding trials on rabbit's ears were carried
out by means of the technique developed by Wenk
(1965) and later applied to African species (in a
slightly modified form) by Raybould & Yagunga
(1969). A rabbit was narcotized by the intravenous
injection of sodium pentobarbital and the ears were
plugged with cotton-wool to prevent flies scrambling
towards the tympanum. Each ear was covered
with a sleeve of fine netting tightly so as to confine
the flies to the inner surface of the pinna. About
20-30 females were introduced into each ear with
a suction-tube, and kept there for 20-30 min.
During this period the ears were laid flat against
the back of the rabbit, and covered with a damp
black cloth. The flies were removed one by one,
and blood-fed individuals (recognized by their dis-
tended abdomens) were placed singly in tubes kept
in the dark and at a high humidity. They were
maintained at a temperature of 20'C±V1C and were
provided with dilute sugar solution for 2 days
after their blood-meal.

In addition, a few flies were fed on chickens (they
were released into a sleeve of fine netting fitted
around the chicken's leg).

Inducement of oviposition

On the 6th day after blood-feeding the flies were
placed in dim light until the early evening, but humid
conditions were maintained. Prior to stimulation
for oviposition, in order to prevent the flies from
escaping, they were wetted by pouring water into
the tube and shaking. Flies were then placed on a wet
filter-paper and their heads were slightly jabbed or
crushed with forceps. Females that responded usual-
ly commenced oviposition within a few seconds.
As soon as the first eggs appeared the flies were
moved across the filter paper along a spiral path
so as to deposit the eggs in a single continuous
row. This greatly facilitated counting. Each egg
batch was numbered, and the flies were fixed in
ethanol and stored under the same number for
further investigation of the spermatheca and ovaries.
Flies that failed to oviposit were treated similarly.
The egg batches obtained were kept in a Petri dish
under a thin layer of water. The number of eggs
that hatched leaving empty eggshells and the number
that failed to develop were recorded.

RESULTS

Mating experiments with Kibwezi and Sanje forms of
S. damnosum
During experiments with the Kibwezi form, 56.5 %

of the flies that emerged in the cages were found
to be S. damnosum and the remainder were mostly
S. adersi. With the Sanje form the corresponding
figures were 40% S. damnosum and 60% S. adersi.
The results of mating trials with the Kibwezi

form are given in Table 1. It may be seen that
mating took place during 11 of 13 trials. The
results with small emergence cages were less satis-
factory than those with larger cages. Of the flies
fixed directly after their removal from the emergence
cage, and in which the spermatheca was also exa-
mined (trials d and f), a total of 21 females were
found to contain sperm in the spermatheca and 19
of these carried a spermatophore. Among flies
fixed immediately after a single feeding trial (g,
h, i, and j), 12 of 85 inseminated females had lost
their spermatophore. In 3 of these trials (g, h, and i)
nearly all the spermatophores were retained. In
the 4th trial (j), however, a considerably greater
number of spermatophores were lost. A higher pro-
portion of the flies fixed 1 day (k) or 2 days (1)
after the feeding experiment, or used in 2 feeding
trials (m), had lost the spermatophore. With the
exception of a single trial (j), therefore, the incidence
of spermatophores gave an adequate measure of the
insemination rate, providing fixation of the flies was
not delayed too long after copulation.
The more females taken out of the cage, thus

leaving an increasing proportion of males, the higher
the percentage of inseminated females (j and k).
Even among recently emerged females a considerable
proportion were found to have been inseminated,
probably before they were capable of blood feeding.

In contrast to the results obtained with the Kib-
wezi form, mating experiments with the Sanje form
were completely unsuccessful. Not a single insemin-
ated female resulted from 5 mating trials involving
57 males and 71 females. This confirms fairly con-
clusively the results of earlier investigations with
this fly. Similarly, of several hundreds of S. adersi
females removed from the emergence cages and
examined, none possessed a spermatophore.

Blood-feeding S. damnosum (Kibwezi form) females
In feeding trials with a rabbit's ear a mean of

20.7% of the flies used took blood. In one case
(included in the third line of Table 2) the ear was
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Table 1. The results of mating experiments with S. damnosum (Kibwezi form) showing
the number of females inseminated and the number carrying a spermatophore

Type of Female flies
Trial a emergence

cage total spph.b % spph. insem.C % insem.

a 13 1 7.7 N.E.d N.E.d
b 19 0 0 0 0

small
c 14 0 0 0 0

d 21 6 28.6 6 28.6

e 22 10 45.5 N.E. N.E.

f 21 13 61.9 1 5 71.4

g 39 26 66.7 27 69.2

h 24 12 50.0 12 50.0

i large 20 11 55.0 13 65.0

j 36 24 66.7 33 91.7

k 17 10 58.8 14 82.4

1 35 1 5 42.9 26 74.3

m 20 4 20.0 10 50.0

a In trials a-f flies were not used in feeding experiments; in trials
fully in feeding experiments.

b Number of females with spermatophores.
c Number of inseminated females.
d N.E.: not examined.

Table 2. Blood-feeding S. damnosum (Kibwezi form)
females in the laboratory a

Females
Method No. of trials b

Total No. fed % fed

6 126 36 28.6

6 115 21 18.3
rabbit's ear

4 73 8 11.0

4 58 1 2 20.7

total 20 372 77 20.7

chicken's leg 4 55 9 16.4

a The flies had emerged in the laboratory within the previous
2 days. An unknown number had copulated during that period.

b On 5 separate occasions 2 or 3 rabbits or chickens were used
for blood-feeding experiments; the number of trials refers to the
number of ears or legs used once.

not plugged and most of the flies penetrated too
deeply, became stuck, and died. Flies that failed
to feed when first offered a blood meal also gave
poor results if used again in subsequent trials.

g-m flies were used unsuccess-

Of 55 females tested with a chicken, 9 fed, taking
blood from the upper part of the leg.

Oviposition, egg development, and hatching
Of 77 flies successfully fed on rabbits, 17 either

died soon after feeding, through injury or other
causes, or escaped. This left 60 females, of which
33 (55%) died during the following 5 days. The
remaining 27 females were stimulated for oviposition
and 13 of them (48 %) laid eggs.
The results of dissections of the spermathecae

and ovaries of the flies that died or failed to ovi-
posit are given in Table 3. There was no correlation
between insemination and ovarian development.

Results from the 13 flies that oviposited are given
in Table 4. On dissection 9 of them were found
to have oviposited completely (apart from 2 flies
that retained 3 eggs only), while the remaining
4 had retained some of their eggs. Sperm were found
in the spermathecae of 6 females. A mean of 354
eggs per female were laid by the 13 flies. This
figure was almost identical to the corresponding
mean of 356 per female for the 6 inseminated
females only. Flies that had oviposited completely
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Table 3. Insemination and ovarian development of 47
S. damnosum (Kibwezi form) females that failed to
oviposit a

Insemination Ovarian development No. of females

+ + 14

+ - 0

_ + 12

_ - 9

+ 2

? - 8

t ? 2

No. in which condition of spermatophore 35
could be determined

No. positive 14 (40.0 %)

No. in which condition of ovaries could
be determined 45

No. positive 28 (62.2 %)

a These flies either died prior to stimulation or were not success-
fully stimulated to oviposit.

gave a slightly higher mean at 433 eggs per female.
Of the 6 inseminated females 2 laid eggs that

all failed to develop; thus, 4 inseminated females
produced a total of 253 larvae. This represents
11.8% of the 2 137 eggs laid by the 6 inseminated
females.

Eggs that underwent development did so rapidly.
At a temperature of 20'C1±C eye spots of the
developing larvae were visible through the eggshell
after 21/2 days, and larvae emerged 4 days after
oviposition.

DISCUSSION

The most significant finding of these investi-
gations was that the Kibwezi form of S. damnosum
will mate in the laboratory. This represents the
first record of an African simuliid mating in captivity.'
The fact that most of the females were inseminated
in nearly all the experiments in which large cages were
used, and that it was not even necessary to separate

1 Note added in proof: In September 1972, one of us
(Wenk) found a further West African form of S. damnosum
that will copulate in cages.

Table 4. Development and hatching of eggs laid by S. damnosum (Kibwezi form)
females induced to oviposit in the laboratory

Female Oviposition V Total no. Larvae hatching Eggs
Egg batch insem. complete Viable eggs of eggs retained after

no. % ovipoition

a + + + 420 188 44.8 0

b + + + 360 25 6.9 0

c + + + 794 8 1.0 0

d + - + 115 32 27.8 >100

e + + - 412 0 0 0

f + - - 36 0 0 >100

subtotal a-f 6/6 4/6 4/6 2 137 253 11.8 -

g - + - 633 0 0 3

h - + - 386 0 0 0

i - + - 403 0 0 3

j - + - 72 0 0 0

k - + - 416 0 0 0

I - - - 238 0 0 >100

m - - - 321 0 0 ca 40

total a-m 6/13 9/13 4/13 4 606 253 5.5 -
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S. damnosum pupae from those of other species,
suggests that laboratory mating is not likely to
prove an obstacle to the colonization of the Kibwezi
form. At present nothing is known about the vector
potential of Kibwezi-form females. Investigations
are therefore in progress to determine whether this
fly, if successfully colonized, could be used for
transmission experiments.
The negative results obtained with the Sanje form

show that not all forms of S. damnosum will mate
in captivity. Further studies are therefore required
to determine which, if any, of the other cytological
segregates within S. damnosum (Dunbar, 1966, 1969)
will do so. This information would be particularly
valuable with regard to onchocerciasis vectors. An
additional finding of our investigations was that
a species belonging to the S. bovis complex (Lewis,
1964), but which has not yet been precisely identified,
also copulated in the emergence cages. The capacity
to mate under laboratory conditions, therefore, is
not confined to the Kibwezi form of S. damnosum.
The apparatus used successfully for mating experi-

ments has the advantage of being extremely simple
and suitable for use in poorly equipped field labo-
ratories. This is also true of the other techniques
described in this paper.

In addition to mating, successful blood feeding,
egg development, oviposition, and hatching of larvae
were obtained in succession with the Kibwezi form
of S. damnosum. However, there was considerable
wastage at each stage, and of 372 females originally
offered a blood meal only 4 (1.1 %) completed the
above sequence of activities to lay viable eggs.
These 4 laid a total of 1 689 viable eggs, of which
only 253 (15%) produced larvae. On the assumption
that females represent approximately 50% of the
adults emerging, about 750 adults would be required
to produce about 250 larvae. Obviously a self-per-
petuating colony could not be achieved with this
low level of efficiency. However, optimum results
were not to be expected during these initial experi-
ments, and the level is likely to improve with
further experience and the consequent refinement
of techniques.
Only 21 % of females took blood from the rabbit

and less than half of these survived for a 5-day
period, which suggests considerable room for im-
provement. The number escaping or dying from
injury could certainly be reduced. It is our experience
that both feeding rates and subsequent survival of
most of the simuliid species investigated in this way
tend to be very variable. An indication of possible

feeding rates with the same technique is given by
Wenk (unpublished data) and, with a similar method,
by Raybould & Yagunga (1969). These investigators
fed up to 50% of S. damnosum females. McMahon
(1968) obtained somewhat similar results using a
membrane feeding technique. However, none of
these investigators obtained satisfactory results with
the Sanje form, so that there is a possibility that some
of the other forms of S. damnosum may also refuse
to feed. The discovery that S. damnosum (Kibwezi
form) can be fed on chickens in captivity may prove
to be of value in the field, since chickens are much
more readily available in African villages than
rabbits.
The oviposition results are based on rather small

numbers, but the fact that 48% of these laboratory-
fed (and in some cases mated) females were induced
to lay eggs is encouraging. Wenk (unpublished data)
obtained a rate of only 38% with wild-caught S.
damnosum in Cameroon.
The number of larvae produced per female fly

represents the rate of reproduction, which deter-
mines the success or failure of a colonization method.
In this investigation the mean number of eggs
laid per female was 354, compared with only 98 for
wild-caught S. damnosum in West Africa (Wenk,
unpublished data). The number of eggs from which
larvae hatched during the present investigation was
0-44.8% of the eggs laid by individual inseminated
females. However, these figures are of limited value
because they are based on only 6 flies. In the case
of wild-caught, West African S. damnosum, 35.7%
of the eggs laid by 23 females hatched. The differ-
ences reported here between laboratory-mated Kib-
wezi-form females and wild-caught S. damnosum
from Cameroon are not statistically significant,
except for the number of eggs laid per female, and
are probably due to individual variation. The differ-
ence in egg production may be connected with the
tendency of multiparous flies to lay fewer eggs than
primaparous ones (Lewis, 1960). The mean number
of 354 eggs obtained with S. damnosum (Kibwezi)
is in fact very close to that of 374 for S. woodi
(another onchocerciasis vector) under similar con-
ditions (Raybould, 1967b).

Successful oviposition and egg development of
wild-caught flies in the laboratory has been recorded
for S. damnosum in Ghana (Lewis et al. 1961), and
for S. woodi in Tanzania (Raybould, 1965). Earlier
investigations (Raybould, unpublished data) showed
that S. woodi, S. nyasalandicum (Amani form),
S. vorax, an unidentified member of the S. alcocki
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group, and man-biting forms of S. damnosum from
two different parts of Tanzania (Njombe and
Mahenge) are all capable of taking a blood meal
in the laboratory and subsequently laying eggs that
give rise to larvae. It seems likely, therefore, that
similar results to those described in the present paper
could be obtained with other forms of S. damnosum
providing they will mate.
The present results suggest that if the level of

efficiency can be improved by a further refinement
of techniques, and providing the larvae can be
reared to adults, it should be possible to establish
colonies of the Kibwezi form of S. damnosum.

Raybould (1967a) reared large numbers of the
Sanje form of S. damnosum from egg to adult.
This method, however, utilized a water supply derived
from a nearby stream, which was not treated chemi-
cally. The technique in its original form would
not be suitable under more completely artificial
conditions. In addition, it has since been found
that this method, although sometimes highly success-
ful, gives variable results. Further studies are needed,
therefore, on the habitat requirements of the various
forms of S. damnosum, and on the development of
rearing techniques in which the condition of the
water may be more precisely controlled.
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RESUME

ACCOUPLEMENT, PREILtVEMENT DE REPAS DE SANG ET PONTE CHEZ
SIMULIUM DAMNOSUM THEOBALD AU LABORATOIRE

L'etude de la biologie des vecteurs de l'onchocercose,
et notamment de Simulium damnosum, serait grandement
facilitee si l'on parvenait a les elever au laboratoire. En
d6pit de quelques r6sultats prometteurs, on n'avait pas
encore r6ussi jusqu'a present a obtenir l'accouplement de
simulides africains en captivite.

S. damnosum existe sous differentes formes dont cer-
taines se nourrissent sur l'homme. Les presentes
recherches ont porte sur la forme # Kibwezi #, dont la
capacite vectorielle est inconnue, que l'on a amenee a
s'accoupler, a se nourrir et a pondre des aeufs viables au
laboratoire.
On a utilise des cages sp6ciales, assez grandes, de

construction simple, oui l'on a plac6 des nymphes de
S. damnosum qui ont donne naissance a des adultes.
Apres 48 heures, I'examen des femelles a montr6 que la

majorite d'entre elles avaient ete fecondees, comme le
prouvaient la presence d'un spermatophore (rendu plus
visible par une technique de coloration simple) ou la
presence de sperme dans la spermatheque.
Au cours d'essais d'alimentation, 21 % des femelles ont

prelev6 un repas de sang sur l'oreille d'un lapin. D'autres,
en petit nombre, se sont nourries sur des poulets. Apres
5 jours, les femelles survivantes ont ete incitees a pondre
et la moiti6 d'entre elles environ ont depose des aeufs
(354 en moyenne par femelle). Les ceufs pondus par les
femelles fecond&s ont, dans la proportion de 11,8%,
donne des larves apres 4 jours a 20°C.

Les auteurs suggerent d'essayer ces techniques sur
d'autres formes de S. damnosum, en particulier sur les
formes anthropophiles responsables de la transmission
d'Onchocerca volvulus.
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