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Canadian Experience in Handling Blackflies
under Laboratory Conditions

A. S. WEST I

Blackflies have occupied the attention of Canadian
entomologists for more than 50 years. The past
15 years have witnessed a rapidly expanding research
programme on the taxonomy, biology and control
of blackflies. Possibly because of the inherent dif-
ficulties, the effort devoted to laboratory studies has
not been commensurate with the total effort. The
need for the establishment of self-sustaining labora-
tory colonies is recognized. Current developments
suggest that such establishment may be achieved in
the relatively near future.
Apparently the earliest Canadian experience with

handling blackflies in the laboratory was the work
of Cameron, starting in 1917 when Simulium simile
were reared from larvae to adults in galvanized iron
tanks. Tap water flowed over a sloping glass plate
on to a mound of stones set in river mud. Appar-
ently emerging adults could be kept alive for as long
as five days (Cameron, 1922).
More recent studies can be discussed conveniently

under the headings of (1) holding blackflies in the
laboratory and (2) rearing.

HOLDING BLACKFLIES IN THE LABORATORY

ggS
Fredeen (1959b) has been able to store eggs of

Simulium venustum for from one to two-and-a-half
years at 0.5°C to 1.50C. Collected eggs were ex-
tracted from debris by brine flotation, sterilized with
sodium hydroxide and stored in sterile water or on
sterile damp filter-paper in sealed jars. For species
which over-winter as larvae the viability period was
much shorter. Eggs of Cnephia dacotensis, a species
which normally spends much of the summer in the
egg stage, remained viable for as long as eight-and-
a-half months at 19.50C to 220C.

Larvae
Davies & Syme (1958) in laboratory studies on the

rate of ingestion of food by larvae, were able to
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starve larvae for periods of four to fourteen days and
to maintain them (Prosimuliumfuscum and P. mixtum)
in shallow water at 35°F to 45°F (2°C to 7.50C) for
as long as six weeks. Tap water and Petri dishes
were used in these studies. Larvae could fill their
digestive tracts with filamentous algae within a day
or two but the meal might not be fully digested for
two weeks.

Pupae
B. V. Peterson (Entomology Laboratory, Canadian

Department of Agriculture, Guelph, Ontario) reports
that he maintains pupae on wet filter-paper in plastic
Petri dishes in a refrigerator. At " low " tempera-
tures pupae can be held for as long as two weeks
before adults emerge.

Adults
Davies (1953) has described a longevity tube in

which field-collected adults, chiefly S. venustum, were
kept alive for as long as 63 days. Tubes were made
of 20-cm lengths of 3-cm diameter glass tubing,
cotton-plugged at both ends, and with a cotton wick
through a capillary tube at the lower end. Tubes
were stored in jars containing water so that moisture
was available through the wick. Food was supplied
within the tube or in solution via the wick. Flies of
unknown age, netted away from streams, survived
longer than flies collected immediately after emer-
gence into a cage placed over a stream. Flies given
a blood meal on a Leucocytozoon-infected host were
less viable than flies fed on uninfected hosts. Sur-
vival was best on a diet of water and sugar, and at
lower temperatures. Other workers have reported
less success with this technique.

B. V. Peterson reports that adults can be kept
alive and in excellent condition for several days by
holding them in a refrigerator at about 40°F (4.5°C).
In my laboratory adults held in this manner have
been induced to feed on guinea-pigs.
A. M. Fallis and G. Bennett (Ontario Research

Foundation, Toronto, Ontario), in their studies of
Leucocytozoon disease of ducks, have had consider-
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able experience in maintaining field-collected, blood-
engorged adults. Darkened cages, 8 x 8 x 8 inches
(20 x 20 x 20 cm), with a high humidity, some free
water, and food in the form of sucrose crystals,
provide satisfactory conditions. This technique has
proved more suitable than the use of Davies' lon-
gevity tubes, particularly since it is easier to remove
flies when they are required for study. Fallis and
Bennett have been able to induce a number of species
of blackflies to feed on ducks in the laboratory.

REARNG BLACKFLIES UNDER LABORATORY CONDITIONS

Several Canadian workers have made contribu-
tions to rearing techniques incidental to taxonomic
and other studies. Hocking & Pickering (1954)
reported on trials with a variety of containers and
methods of circulating water for rearing field-col-
lected larvae (chiefly S. venustum) to adults. A jar
technique with air breakers was most successful,
although a high larval mortality characterized all
trials. Dead larvae, algae and yeast all appeared
satisfactory as food. The authors suggested that
mortality was probably related to the accumulation
of some toxic product since neither food, oxygen
nor temperature appeared to be causal.
The chief difficulties in rearing S. venustum were

stated to be: moulting of the first-instar larva,
mating, blood feeding and oviposition. The re-
mainder of the life-cycle could be completed with
low mortality and little special equipment. With
respect to laboratory rearing, antagonistic require-
ments were recognized. In general, the greater the
volume of water per larva the more satisfactory were
conditions in respect of respiration, nutrition and
autointoxication. On the other hand, an association
of larvae offered an advantage in local movement
and in attachment, through the communal web
which is spun.
Hocking & Pickering also found that good

emergence could be obtained in the laboratory from
field-collected pupae (from rocks) which were placed
in cages and kept moist. Several S. venustum matings
were obtained in cages, but CO2 had no effect on
the induction of mating.

B. V. Peterson has successfully reared adults from
small larvae maintained in standing water in un-
covered Syracuse dishes held at 40°F (4.5°C) in a
refrigerator. Water is added daily and is changed
when apparently necessary. Species reared to date
include: Prosimulium gibsoni, P. mixtum, Twinnia
tibblesi, Eusimulium excisum and Simulium venustum.

More intensive studies on laboratory rearing
techniques are being conducted at two centres. At
McMaster University, Hamilton, Ontario, studies
are under the direction of D. M. Davies. The
longest-term programme has been developed at the
Research Station of the Canadian Department of
Agriculture, Saskatoon, Saskatchewan, under the
direction of F. J. H. Fredeen.
At McMaster University recently the major

project has been a study of the biosystematics of the
genus Eusimulium. D. M. Wood has developed a
trough technique which has been successful for
rearing S. aureum (sensu lato), S. venustum, S. vere-
cundum and S. vittatum from egg to adult, and for
rearing Prosimulium magnum, P. fuscum, P. gibsoni
and Eusimulium pugetense from small larvae to
adults.

Blood-engorged adults are collected in the field by
use of a bird-baited trap. These adults are transferred
to an 8 x 8 x 8 inches (20 x 20 x 20 cm) holding cage
(as used by Fallis and Bennett) and held (S. aureum)
for 10 days in the dark at 60°F (15.5°C). For ovi-
position, females are placed in a Petri dish with wet
grass and held at room temperature with moderate
light. Females which oviposit are re-fed on birds
the following day. Feeding is accomplished by
containing the flies in ½/2-inch (1.3 cm) diameter,
gauze-covered tubes which are held against the host.
When a gravid female does not oviposit the eggs

are dissected into a drop of filtered water and
fertilized as quickly as possible by crushing the same
fly's spermatheca in the drop; after a few minutes
more water is added. Eggs are held at 60°F (15.5°C)
and during the early summer embryological develop-
ment proceeds without interruption. Later in the
summer development is arrested at an early stage,
and two months or more at 40°F (4.5°C) are required
to break the diapause. Eggs which are ready to
hatch are introduced into artificial " streams ".
The rearing procedure involves a tap water supply

which is filtered through activated charcoal and sand
in a 16-cubic-foot (450 litre) container. Water from
the filtration tank is led to a storage tank from which
a pipe feeds a series of " streams " consisting of
U-shaped plastic troughs approximately half-an-inch
wide and one inch deep (1. 3 x 2.5 cm). The troughs,
which are supported in a sloping position, contain
a series of small stones and are covered at the lower
end with 120-mesh screening which is cleaned daily.
Food is furnished in the form of baker's yeast,

homogenated with filtered water and kept in suspen-
sion by the action of a stirring rod. Yeast is fed
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into the " streams " from a box trough with a hole
over each " stream ". Using this technique, up to
80% of S. aureum eggs have been reared to the pupal
stage. To obtain adults, stones with pupae are lifted
from the " streams " and the pupae are handled
individually.

Fredeen, in Saskatchewan, has been developing
rearing techniques since 1950. Initially, in con-
nexion with the development of techniques for
tagging blackflies with radiophosphorus, five-litre
battery jars and one-litre beakers were used as
aquaria, with water circulated through sections of
1 inch (2.5 cm) diameter tubing by the action of
compressed air (Fredeen, 1953). Subsequently, a
variety of containers, methods of creating water
currents, and foods were tried (Fredeen, 1959a).
Eight species of blackflies were reared from eggs or
young larvae to adults. These species were: Cnephia
dacotensis, Simulium arcticum, S. aureum, S. decorum,
S. luggeri, S. meridionale, S. venustum and S. vittatum.
Compressed air, a platform shaker and a rotating
platform were used to circulate water. No one
method was most suitable for all species, with water
velocity possibly being a major factor and density
of larvae, amount and kind of food, temperature
and water source playing some role. In these studies
foods used were: a suspension of live yeast cells,
Pablum, and a unicellular alga (Leuvenia natans).
Tests with a nutrient solution containing no particles
were largely unsuccessful.

Recently, Fredeen (1960) has been concerned with
bacteria as food for blackfly larvae. Evidence sug-
gests that in natural environments bacteria origin-
ating in sewage may account for increasing numbers
of blackflies. Results of extensive laboratory studies

are given by Fredeen (1964). S. venustum, S. vere-
cundum and S. vittatum were reared from egg or
first-instar larvae to adults, and S. arcticum to last-
instar larvae, when food offered was only washed
suspensions of Bacillus subtilis, Aerobacter aerogenes
or Escherichia coli. In these studies for the most
part compressed air was used to circulate water in
aquaria consisting of tilted 1300-ml test-tubes.

Fredeen and others have been concerned with the
problem of establishing laboratory colonies of
blackflies. Fredeen suggests that his technique, in
which water is recirculated, although adaptable for
comparing rations and treatments, is less satisfactory
for survival oflarvae than is a system of a continuous
supply of fresh water, as used by Wood and Davies.
Whereas the former has the advantage of relatively
economical food requirements, the latter has the
advantage of freedom from interruption of flow, such
as may result from failure of electrical equipment.
No one in Canada has had any success in estab-

lishing a self-sustaining colony of blackflies. It seems
likely that such colonies may be established in the
relatively near future, because yearly we are becom-
ing better acquainted with the characteristics and
requirements of various species. Mating, nectar- and
blood-feeding, and general well-being and survival
of adults are suggested by Fredeen as being major
problems to be solved. There is a general agreement
that a more complete knowledge of blackfly biologies
is a prerequisite to the successful establishment of
laboratory colonies. Interest in the parasitology of
blackflies, reactions to bites, disease transmission
and other aspects of the blackfly problem all dictate
an increased effort on laboratory handling of these
insects.
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