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Mass Production Methods in Rearing
Culicoides varlipennis (Coquillett)

ROBERT HENRY JONES 1

A colony of Culicoides variipennis sonorensis
Wirth & Jones, isolated from wild material collected
in December 1957, was maintained in the Livestock
Insects Investigations laboratory of the Agricultural
Research Service, US Department of Agriculture, in
Kerrville, Texas, until June 1962, when it was
transferred to the Denver, Colo., substation. Estab-
lishment of the colony in this laboratory is now
complete and a production level of 1000 flies per day
has been attained, with somewhat different pro-
cedures and substantially less equipment and
maintenance time than previously reported (Jones,
1957, 1960).
This small blood-sucking fly is not very specific

in host preferences and is very tolerant of differences
in larval habitat. A high biotic potential can result
in dense concentrations of larvae in favourable
breeding sites; these can be fresh-, salt-, or alkaline-
water habitats, and are often sites heavily polluted
with manure (such as human sewage or livestock
pollution) where the breeding area consists of soft
silt at about water level and is exposed to direct
sunlight. Laboratory studies show that both the
male and female mate repeatedly, either within a few
minutes or over a lifetime, and that any mating can
result in viable eggs. The female can use stored
sperm from a single mating for at least seven egg
batches totalling more than 1000 eggs, usually with-
out reduction in viability until the fourth egg batch.
A blood meal appears to be required for each egg
batch. Female longevity in the laboratory has been
as long as 43 days.
The life-cycle in the laboratory is now about

24 days-egg two, larva 15 (12 days and up), pupa
three, period prior to blood ingestion one, and pre-
oviposition period three. Colony work totals about
14 hours a week for one person, with week-end work
limited to a few minutes of maintenance. Adult and
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larval colonies are kept at standard conditions of
temperature, relative humidity and light.
The cylindrical holding and blood-feeding cage

for adults has a conical upper portion leading to a
blood-feeding aperture closed by a sliding lid. Flies
are blood-fed twice weekly on the clipped belly of a
rabbit by inserting the top of the cage through a hole
in the rabbit-restraining rack. Additional nourish-
ment consists of 50% sugar solution through a
cotton wick and raisins compressed in a small piece
of cloth. Water is provided by the paper-covered wet
cotton of the egging dish. Sugar vials and egging
dishes are changed daily. Paper discs are checked
microscopically for egg viability, and the eggs are
used the same day or stored on wet cotton at 40° F-
500 F (4.50 C-100 C). Eggs can be stored as long as
one month without hatching (pupae and larvae can
also be refrigerated to delay development). The size
of an adult colony cage varies, but is kept sufficiently
small so that some degree of crowding is provided
to stimulate mating activity. A regular twilight
period has been discontinued, as has the use of
sun-lamps in larval rearing.

Larval pans, 30 x 25 x 2½Y2 inches (75 x 62.5 x
6.3 cm), are held in a rack accommodating five pans
on each of three shelves. A pan is prepared by
forming two long central islands and several pos-
terior and lateral banks of pre-soaked, cleaned
vermiculite, and then adding 400 ml of homo-
genized cow manure and 2 ml of soil in enough
water so that the islands can later be adjusted to
leave them slightly above water level. Additional
manure (50 ml) is added daily. The water level,
7/8 inch to one inch (2.2-2.5 cm) from the pan
bottom, is maintained either by an automatic float
system or by adding the necessary water daily. To
keep the liquid medium stirred and therefore assist
in the formation of soft mud margins, a moderate
water current is maintained in each pan by a small
paddle fastened to a slowly-rotating rod, one of
which runs the length of each shelf. Paddle action
prevents the formation of surface scum; this
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function, together with oxygenation, was previously
provided by a bubbling air tube. Because of the
paddle action on the water surface, the front and
inside margins of the two central islands are
supported by half-inch (1.3 cm) metal stripping.
The area between and in front of the islands is
kept clear by occasional hand-stirring of deposited
material so that it will settle out elsewhere.
Twice a week three or four larval pans are pre-

pared, so that each day a pan is available for egg
placement. At least 2000 viable eggs are placed per
pan. After about 14 days, when substantial numbers
of pupae are present, they are recovered by flooding:
the pan is drained of about half the liquid medium
for later replacement, flooded for two hours for
pupae to float to the surface, and then flooded over
through a notch at the rear to recover the pupae.
The pan is then drained and refilled with the liquid
medium. For test purposes the identity of each
larval pan (and its pupae) may be retained by
placing a small sieve at the overflow notch of each
pan. For normal colony work, pupae are blown
through the overflow notch with a small air jet, flow
down a trough at the rear of the rack, and are
collected in a 100-mesh sieve close to floor level.
Pupae are separated from larvae in a 35-mesh sieve
slanted through the surface of the water in a shallow
pan. Larvae swim through the sieve and, together
with those recovered from discarded pans, can be
placed on larval pans still in production. Pans are
flooded on Monday, Wednesday and Friday, and
the least productive are discarded two or three at a
time; pans more than 10 days old are sometimes
discarded without normal flooding if it appears they
will be poor producers. When desired, the contents
of discarded pans can be placed in a large tub
provided with a mid-height drain and an overflow
spout for the recovery of larvae.

In the past, any radical change in colony condi-
tions has resulted in a period of low productivity,
presumably during the time required for selection
processes to shift genetic frequencies appropriately.
In establishing the colony at Denver there was an
eight-month period of low productivity, and it can be
debated that the present high production is season-
ally cyclic rather than the result of selection for the
present environment, although at Kerrville there

were several winters during which colony numbers
did not appear to decrease. During the past few
years, the strain has clearly become adapted to
colonization in several ways; for example, the size
of larvae on a pan is now more uniform, and larvae
that require a longer developmental period have been
largely eliminated. Attempts to colonize similar
strains of this species have been unsuccessful on
several occasions, although the same techniques were
used by which the present colony was established.
These attempts suggest that at least 20 generations
are necessary for full adaptation of wild strains to a
colony environment.
During the past year the larval colony has been

maintained exclusively on frozen cow manure stored
two to five years, but in the near future fresh cow
manure will again have to be used. Since only about
1000 ml of manure are used daily, for purposes of
standardization a large amount of insecticide-free
manure from range-fed cattle can be collected
(frozen if necessary and later thawed), blended, and
frozen to provide a standard supply for several
years' use. It was thought likely that a system of
bacterial culture in nutrient broth with a screen sub-
strate might provide a method of standardization
but initial efforts along this line had to be abandoned.

Conditions for optimum mating and egg deposi-
tion can be greatly improved, since it is estimated
that the eggs laid are only about 5% of the number
that could be expected, considering only the first
blood meal for each colony female.
These colonization techniques and equipment are

designed to maintain a large colony with minimum
labour and expense; therefore procedures are
followed without any attempt to recover all speci-
mens or to prevent the escape of a few individuals.
Security precautions, if employed, must be applied
to the entire rearing room and premises, although
small colonies can be maintained under more strin-
gent conditions. However, some security pre-
cautions are essential to exclude competing insects
from the larval rearing room. During past years,
the larval colony has been almost eliminated on
different occasions by bloodworms (Tendipedidae)
or sewage flies (Psychodidae). Aside from com-
petitors for the larval medium, no parasites for this
species have been noted.

REFERENCES

Jones, R. H. (1957) J. econ. Ent., 50, 107 Jones, R. H. (1960) J. econ. Ent., 53, 731


