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Abstract: The mating, blood feeding and oviposition of Simulium takahasii

(Rubtsov), an anautogenous, multivoltine Japanese blackfly, were observed in the
laboratory. The results showed that this species readily mates in captivity, and when
a male and a female were put together in a small polystyrene tube, the insemination
rate was 1009 (of 43 pairs examined). In addition, blood feeding was successfully
induced on a man’s hand and a rabbit’s ear on the day of emergence. Fifteen
(14.7%) of 102 females fed on a hand, while 6 (37.5%) of 16 females fed on a
rabbit. Three or 4 days after the blood feeding, oviposition was observed with 11
inseminated females. However, 2 females which had not been inseminated failed
to oviposit. A mean of 158 eggs was laid by a female which had fed on a man,
whereas 195 eggs were deposited by a female which had fed on a rabbit. Five to 12
days after oviposition, 80.9-97.9¢¢ of eggs laid by 7 females hatched, although the
rate was only 38.3% with an egg batch laid by 1 female. Thus, it was found that

S. takahasii is a candidate species suitable for laboratory colonization.

Laboratory colonization of an insect of (Davies and Peterson, 1956; Nicholson,

medical importance is essential to critical
studies on many aspects of its biology and
of its relation to disease transmission. Colo-
nization of the Simuliidae have been at-
tempted with many species, but only a few
species of blackflies have been successfully
colonized in the laboratory (reviewed by
Mokry et al., 1981). The main reason for
this difficulty lies on the fact that most of
the simuliid species do not mate in captivity.
Until now, laboratory matings have been
observed only in 4 palaearctic (Friedrichs,
1922; Wenk, 1965a, b), 3 North American

1945; Hocking and Pickering, 1954; Snow
et al.,, 1958) and 2 African (Wenk and
Raybould, 1972) species. However, labora-
tory mating (i.e. stenogamy) has not been
investigated in Japanese simuliids.

This paper reports the results of observa-
tions on mating, blood feeding and oviposi-

tion of Simulium takahasii (Rubtsov) in the
Iaboratory.

MATERIALS AND METHODS

All males and females of S. takahasit used
in this investigation were reared from pupae

* BEAER: ADERALESMEHE (T879-56 collected from a small stream running in the
F Ay BB BN E A B 1-1506) rice fields at Yufuin, Oita, Japan.
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Fig. 1 A simple apparatus

emerging from pupae in the laboratory, showing polyethylene

bags (A and B), tray (C), and pupae attached to plant

material (D). Direction of emerging blackflies into bag B is

indicated by an arrow.

Collections of the pupae were carried out
in the afternoon, and the pupae attached to
aquatic plants were transported to the labo-
ratory in polyethylene bags.

In the laboratory, the pupae were placed
in 4 plastic trays (Fig. 1) (30 cm long x 20
cm wide X 5 cm deep) for adults to emerge.
These trays were each enclosed into double
transparent polyethylene bags (37 cm long X
32 cm wide), inner bag (A) for maintaining
humidity in the tray and the outer one (B)
for collecting emerging adults. To facilitate
gatherings of adults in the outer bag, these
trays were set on a table facing towards the
windows. The adults entered the outer bag
due to their positive phototaxis. The adults
gathered were used, unless otherwise men-
tioned, for mating experiments and subse-
quent blood feeding and oviposition trials.

Mating experiment

In the mating experiment I, observations
were made on less than 2-hr-old males and
females in the outer bags. For this purpose,
all blackflies which emerged from 06:00 to
09:00 in the morning were first removed
and fixed in 70% ethanol. Thereafter, the
adults in the outer bags were removed every
2 hr from 11:00 to 17:00. The number of
adults was counted according to sex. This
collection was repeated for subsequent 2
days.

The females were microscopically examined
for a spermatophore which was attached to
the genital fork, if present, and was readily
removable with a dissecting needle. To de-
tect the presence of sperms, the females were
then dissected in a drop of water on a glass
slide and the spermathecae were examined
under a microscope.

(side view) for collecting adults

In the experiment II, observations were
made in a polystyrene tube (7.5 cm long X
1 cm in diameter) in which 1 male and 1
female were put together. For this experi-
ment, pupae attached to an aquatic plant
were individually kept in a similar tube until
adults emerged. Pairing of both sexes was
carried out on the day of emergence. The
mating behavior was observed and the dura-
tion required for copulation was measured.
All copulated females were dissected to en-
sure the observation.

Further, small scale mating experiment
IIT was performed in a tube to measure the
insemination capacity of individual males.
Four males were rendered to mate each
with 5 to 7 females one by one in sequence.
All females were dissected in the similar
manner to check the spermathecae.

Blood feeding

Six trials of blood feeding of inseminated
or non-inseminated females on a man’s hand
or a rabbit’s ear were carried out on the
day of emergence. In 5 trials a man’s hand
was inserted in the outer bags containing
11-34 female blackflies, and in 1 trial a
rabbit’s ear was exposed to 16 females in a
similar bag for about 30 minutes. Blood-fed
females were replaced individually into
tubes, and maintained at a temperature of
20-24°C, using the same method as previ-
ously described (Takaoka et al., 1982).

Inducement of ouviposition

On the 2nd to 9th days after the blood
feeding, all gravid females were transferred
each into a polystyrene tube (10 cm long X
1.4 cm in diameter) containing ca. 3ml of
distilled water, and a strip of white paper
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(water proof, 7 cm long x 0.5 cm wide) half
immersed in water. Under the room tem-
perature of about 22°C, all blackflies were
allowed to stay in these tubes for 4 hr in
the afternoon. The method of oviposition
and the site of eggs laid were recorded and,
in some cases, the duration required for
oviposition was measured. After their ovi-
position was completed, the number of eggs
oviposited in the tube and that retained in
their ovaries were counted under a micro-
scope. Females which did not oviposit were
returned to the maintaining tube in the

evening. Further inducement of oviposition

was attempted with these blackflies on the
subsequent days.

The eggs laid in a mass on the paper
were kept in water (about 20°C) of the
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same tube. Thereafter, hatching of eggs
were monitored and the numbers of hatched
and unhatched eggs were recorded.

REesuLTs

Mating

The result of the mating experiment I
with §. takahasii is shown in Table 1. Mating
took place soon after emergence throughout
the daytime. In 22 of 24 outer bags, 51 of
75 females which emerged during the period
from 09:00 to 17:00, carried a spermato-
phore and were inseminated. Remarkably,
insemination had been completed in all 288
females that emerged during the time from
06:00 to 09:00 in the morning.

Table 1 Proportions of S. takahasii females inseminated within 2 hr post-emergence kept
under various sex rates in a polyethylene bag (37 cm long X 32 cm wide).

Day 1 Day 2 Day 3
T. Tray T e e ot T - oot o T T o
me - No. No. No. No. (%) No. No. No. (%) No. No. No. (%)
male female inseminated male female inseminated male female inseminated
1 v
l 2 76 37 37 (100) 193 161 161 (100) 138 90 90 (100)
0900 3
4
1 1 2 1 (50) — — — (=) — — — ()
09100 2 - = — (=) 2 4 3%% (75) - - — ()
1100 3 1 1 1 (100) - - — (- 2 2 1 ( 50)
4 — — — (=) 2 8 4** (. 50) 3 2 1 ( 50)
1 2 3 2 (67) 3 7 3 (43 1 3 1 ( 33)
11100 2 6 6 5 ( 83) 1 1 1 (100) 2 4 4 (100)
1300 3 4 1 1 (100) — — — (=) 1 3 2 (67)
4 1 2 2 (100) — — — (=) — — — (=)
1 7 2 2 (100) — — — (=) — — — (=)
13300 2 4 (100) - e - (= - = — (-
1500 3 - — (=) 1 3 0 ( 0 - = — (=)
4 11 4 4 (100) — — — (=) 1 3 1 (33
1 4 2 0( 0 — — — (=) - - — (=)
15200 2 5 1 1 (100) — — — (=) - — — (=)
1700 3 9 2 2 (100) — — — (=) - — — ()
4 9 5 5 (100) — — — (=) — — — (=)

* The numbers of males and females in this line represent the total of adults emerging from the

4 trays during the period from 06:00 to 09:00 in the morning.
** Fach of these figures includes 1 female in copulation.
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Table 2 Number of female S. takahasii mated in sequence by a male.

No. females

Male No. e e T e e e
Tested Copulated With spermatophore  With sperms in spermatheca
6 6 3 3
2 5 5 4 4
3* 7 4 3 3
4% 6 3 2 2

* Male No. 3 and 4 failed to copulate with the last 3 females, probably due to mechanical
obstruction of a spermatophore remaining attached to the outer surface of their geni-

talia.

In all 43 trials of the mating experiment
II, the adults readily mated in the tubes,
and 11 min on average (range, 6.6-27 min)
was required for copulation (based on 14
copulations).

Table 2 shows the result of the mating
experiment III. It was found that single
male can inseminate 2 to 4 females in suc-
cession. Further, the male, if given a chance,
continued to be stimulated by a female and
often copulation took place, but without
insemination,

Blood feeding

Table 3 shows the result of their blood
feeding. In all 5 trials with a man’s hand,
15 of 102 females (14.7%) took blood. On
the other hand, 6 of 16 females (37.5%)
fed on a rabbit’s ear. Both inseminated
and non-inseminated females were found to
take blood even on the day of emergence.
The duration required for blood feeding of
6 females which fed on the back of a man’s
hand averaged 23.7 min, ranging from 15.3
min to 28.9 min.

Ouiposition

Of 21 females which had fed on blood,
8 died within 48 hr after the blood feeding.
The remaining 13 females survived beyond
72 hr, which was long enough for their
ovaries to develop, and 11 of them (84.6%)
laid eggs 3 or 4 days after their blood feed.
Two females which had not been insemi-
nated, but fed on a man’s hand failed to
oviposit, although 174 and 190 mature eggs
were retained each in the two females on the
9th day post-feeding.

The result of the 11 females that ovi-

Table 3 Blood feeding of female S. takahasii
in the laboratory.

. No.
Blood source 'Il;Trxal femalgs Nféd(%’% fle):lr(r)lgclles
used
1 16 3 (18.8)
2 30 5 (16.7)
Man’s hand 3 34 4 (11.8)
4 11 1 (9.1
5 11 2 (18.2)
Total 102 15 (14.7)
Rabbit’s ear 6 16 6 (37.5)

* All females used were less than 8-hr-old and
were inseminated except females used in
trial No. 5.

posited in the tubes is given in Table 4.
Most of the eggs were laid in a mass on the
strip paper at or just below the waterline,
while eggs of 3 females were laid scattered
either on the paper or on the inside wall of
the tube. Oviposition took a mean of 3.3 min
when the eggs were laid in a mass. Dissec-
tion revealed that all females except one
laid eggs completely. The man-fed females
laid 158 eggs on average, whereas the rabbit-
fed females laid 195 eggs.

Only the egg batches laid in a mass were
induced to hatch. In all egg batches, em-
bryonic development took place, and as
early as 3 days after oviposition the eye
spots became visible. Larval emergence was
observed 5 to 12 days after oviposition.
However, about 60% of the total larvae
emerged in the first 2 days (i.e. on days 5
and 6). In all, 80.9-97.9% of eggs hatched,
except the eggs laid by female No. 2 which

NI | -El ectronic Library Service



The Japan Soci ety of Medical

Vol. 36 No. 3 1985

Table 4 Method, site and duration of oviposition, and number of eggs
which had fed on man and rabbit.
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laid, by female S. takahasi:

Blood source Felx\Inoale = : "O\*ipoiiﬁonr - - - licl c8es -
: Method Position Duration (min) Oviposited Remaining
1 Massed On w.L* — 191 0
2 Massed In water — 183 0
3 Massed On w.l. — 165 0
Man 4 Massed On w.l — 123 73
5 Scattered In air — 160 0
6 Scattered In air 5.55 125 0
Mean 158
7 Massed On w.l. 2.83 208 0
8 Massed In w.l. 3.91 188 0
9 Massed On w.l 3.67 187 0
Rabbit 10 Massed In water 2.83 236 0
11 Scattered In air — 154 0
Mean 3.31 195

* w.l.:  waterline.

Table 5 Number and proportion of hatching
of eggs laid by female S. takahasii, under
a water temperature of about 20°C.

Blood Female No. eggs I\{ftch?fi €ggs
source No. laid No. <

1 191 177 92.7

2 183 70 38.3

Man 3 165 150 90.9

4 123 109 88.6

Total 662 506 76.4

5 208 200 96.2

6 188 179 95.2

Rabbit 7 187 183 97.9

8 236 191 80.9

91.9

Total 819 753

was as low as 38.39 (Table 5).

DiscussioN

Simulium takahasii, an anautogeneous,
multivoltine blackfly, has been observed to
mate on vegetation at breeding sites under
natural conditions (Takaoka, unpublished
data). In this investigation, it was clearly
shown that this species readily mate in con-
finement. The males mated during the day

and was polygamous, being capable of in-
seminating more than two females. The
high insemination rates proved that mating
is not an obstacle to the colonization of this
species.

In addition, blood feeding was successfully
induced with a man’s hand and a rabbit’s
ear. This finding is also noteworthy, be-
cause this species is zoophilic, attacking cat-
tle in nature. Their feeding rates on a man
and a rabbit were not so high. The feeding
rate will be influenced by many factors. One
of these is the age of adult females used
(McMahon, 1968; Mokry, 1976). For ex-
ample, McMahon (1968) showed that the
5-day-old §. ornatum which emerged in the
laboratory fed at a higher rate (55%) than
the 1-day-old (4.59%). Therefore, it is likely
that the feeding rate is improved with fur-
ther experiments using females of an older
age, as well as with the modification of
feeding techniques.

Out of 13 inseminated females which had
fed on man, 7 died within 48 hr, but the
remaining 6 females (46%) survived beyond
3 days. The reason for this high mortality
1s unknown. However, a high survival rate
(83%) obtained in the rabbit-fed females
encourages for further experimentation.

Furthermore, it is of special interest that

NI | -El ectronic Library Service



The Japan Soci ety of Medical Entonol ogy and Zool ogy

216

successful oviposition of viable eggs was ob-
tained in all the 11 inseminated females
tested. Unlike S. damnosum sl. in Africa
(Lewis et al., 1961), S. takahasii was in-
duced to lay eggs without any artificial
stress, such as immersion in water or de-
capitation. And, nearly all the females ovi-
posited completely in the tubes. The average
numbers of eggs laid by females which had
fed on man and rabbit (158 and 195, respec-
tively) tended to be lower than the number
laid by 6 wild-caught gravid females (250
eggs—Takaoka, unpublished data). How-
ever, it is unlikely that perpetuating of
colonies in the laboratory would be hampered
by these somewhat reduced numbers of eggs,
because this could be compensated for by
the high hatching rates of eggs.

In summary, the successful mating, blood
feeding and oviposition of viable eggs of
S. takahasii in the laboratory suggest that
this species could be colonized. It is also
suggested that, as already utilized by other
investigators (Raybould and Yagunga, 1969;
Wenk and Raybould, 1972; Grunewald and
Wirtz, 1978), a rabbit will be a good blood
source for this species.

A proportion of hatched larvae was suc-
cessfully reared up to the adult stage in the
laboratory, using a stir-bar system (Takaoka,
unpublished data). An improvement of lar-
val rearing techniques, coupled with those
of blood feeding, is now in progress.
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7= 7 (Stmulium takahasii) OIRZE. Wil
B X UEINIZET 2 ENEE

T2 OERBREAFTIZ, @rOPE L KERIZRE
HBIURMITEIZESELZ LRI ) SERRED
2, 3072 EERVTHRIIL TR, SR, REE
D=7 (Simulium takahasii) IZHOWTENEHT
DOR[EEE RS BRI TENBR 2T - 7.

AL, IMEET L, RV F L UERRY 2F
NBRBRENTRESIRET S, Wb 3R ES
EHETLZ LBbro7. R AR EORZIZIE
U7 338D b, REBRB I UOZHERIE, MR
ERAICHERES 1 R AN 8BE8, 100% &R T
ol E1EEOBET 2 ~ 4 AROM 2 LT
ZREELDBZ L bro7z. PHEYHE, 11~34fA({K
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DTS EY = L Bz AN, P05 ADEL
Bz h, 14.3% (13/91) B L7-. FKEFE
Hi318.2% (2/11) AR L7-. F7-, 16K ZE
HECKIB0DE Y X DEE 527 L 25 6 (K (37.5
%) ZRMmMEES bz, Rfik2 HE»S, K%E3
O 1IFEANRBREICRBEEE LE AEINOKE
ZEZTRER, BPRETLE#ERNWTT T o0 %
I (11EfE) 2Z%kmté3 ~4 HEICEILZ. 28
RORZTIEMII AP IRORBUIERD S - MAEEIIL
Aotz FEIEGE, ABXU YUY E2WMmM LT =
TEZRY, BOBO 1 FEEOHY Y FH 158 L 195 T
BHolz. EFENZIBDOS S, —HFHCE & TEH
fHroh - S DI E B OB OKPIZHKEL-L &
%, EER% 5~12 HHIZ 80.9~97.9% (38.3% o 1
FlapR) OIEBREMEL-. Tk S5z, ENTHE
LERTWBRKZRE - i, BXUOEIIRESICED S
N end, AFEY -T2 ERBREEHFICITFE
H7afEBbh, SEHEIHFESHRS.
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