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ABSTRACT. Autogeny was demonstrated
by newly emerged adults of Culicoides furens
(Poey), C. hollensis (Melander & Brues) and C.
melleus (Coquillett) collected from coastal salt
marsh and tidal creek areas of North Carolina.
This is the first demonstration of autogeny in a
population ofC. hollensis. The mean number of
eggs laid on agar or moist filter paper by adults
(fed only on a 10% sucrose solution) held indi-
vidually at 20-22°C and 85-90% RH under

Autogeny has been established in many
species of Culicoides (Kettle 1977, Lindley
1966). C. furens (Poey) and C. melleus
(Coquillett) were found to mature the
first batch of eggs without benefit of a
bloodmeal (Linley 1966, Linley & Hinds
1976), but no information is available on
C. hollensis (Melander & Brues). Most in-
formation on autogeny has stressed egg
development in ovarioles and not the
actual oviposition and viability.

Preliminary success (Koch and Axtell
1977) in rearing late instar field-collected
larvae of C. furens, C. hollensis and C. mel-
leus to the adult stage using a new simple
technique (Kettle et al. 1975) suggested
the possibility for rearing complete gen-
erations by this method and eventual col-
onization. Older methods of colonization
for C. furens (Linley 1968, 1969) and C.
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naturallig-hting were: C. furens 39.9 (:!: 23.5),
C. hollensis54.0; (:!: 38.2) and C. melleus 54.5 (:!:
21.8). Egg hatch was 90.4% for C. melleus,
77.7% for C. hollensis and 45.5% for C. furens.
About 15% of the C. furens, 13% of the C.
hollensis and 0.3% of the C. melleus were reared
to the adult stage from eggs laid autogenously
on agar medium supplied with live nematodes
as food for the larval stages.

melleus3 are very tedious and time con-
summg.

Studies were conducted with C. furens,
C. hollensis and C. melleus to determine (1)
the proportion of field collected adult
females without a blood meal that would
oviposit on agar substrate, (2) egg viability
(and hence the degree of autogeny), and
(3) success in rearing the newly hatched
larvae to the adult stage by adding living
nematodes to the agar as food.

MATERIALS AND METHODS

ADULT COLLECTING AND HANDLING.

Areas known to contain large populations
of larvae (Kline and Axtell 1975, 1977)
were selected in 1976 to collect newly
emerged adult C.furens, C. hollensis and C.
melleus by means of galvanized metal con-
ical emergence traps set over the soil. The
newly emerged gnats moved upwards
from the soil and were captured in glass
jars lined with moist filter paper to pre-
vent damage to the specimens from con-
densation. Traps were placed in a salt
marsh having Spartina alterniflora
Loiseleur as the dominant vegetation and
located at the end of Lake Shore Drive,
along the Newport River, Morehead City,
North Carolina. Fifteen traps were in
short «0.3m) S. alterniflora for collecting
primarily C. furens and 15 were along a
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major drainage ditch in tall (> 1.2m) S.
alterniflora for collecting primarily C. hol-
lensis. A sandy intertidal zone at nearby
Atlantic Beach, North Carolina was used
for collecting C. melleus by 10 traps along
a non-vegetated margin of a tidal creek.

Collections were retrieved in the morn-
ing following 12-24 hours of trapping
and each species was identified and re-
leased into separate mating cages (Linley
1968). Each cage (66 x 38 x 51 cm high)
had a 20 cm square Plexiglas@sliding door
in the front of the cage, the top, sides and
back covered with fine mesh white or-
gandy cloth, and the bottom made of'
white-painted masonite. Food was
supplied by vials containing 10% sucrose
solution with protruding cotton wicks and
suspended inside the cages. Cages were
held indoors at 20-22°C near an east-
facing window to provide natural light-
ing. The insects were held at least 48 hr
before use in the experiments.

OVIPOSITIONCONTAINERS.Commercial
agar was dissolved in near-boiling water
(1 g agar/100 ml water) (Kettle et al.
1975). About 15 ml of the hot agar solu-
tion was poured into plastic vials (9.5 cm x
3 cm diam), allowed to cool, the insides of
the vial wiped with tissue to remove con-
densation, and a disc of filter paper (2.5
cm diam) was placed in the center of the
agar surface. The disc served as a resting
and oviposition site for the insects and,
additionally, aided in controlling surface
evaporation. A small hole (2.2 cm diam)
was punched in the center of the plastic
lid of each vial and a 6 cm square of white
organdy cloth positioned over the vial top
before snapping the lid in place to pro-
vide for air exchange and a resting sur-
face for the Culicoides.

Individual adult females of the 3 spe-
cies were aspirated from the mating cages
and transferred to the oviposition con-
tainers. A small cotton ball «0.5 cm
diam) was soaked in 10% sucrose solution
and placed on the vial cloth top for food.
Vials of each spe~ies were placed into a
"10-gallon" aquarium (51.5 x 26.5 x 32
cm high) with glass top providing
85-90% RH. Aquaria were placed in the

insectary near the mating cages under
similar temperature and lighting condi-
tions. Each vial was examined for egg
deposition and egg hatch at least once
every 24 hrs. until the females died.

REARING CONTAINERS. Small plastic
petri dishes (3.5 cm diam x 1.0 cm high)
and large circular plastic dishes (15.2 cm
diam x 4.0 cm high) were prepared by
adding 3 ml and 300 ml, respectively, of
the hot agar media. The dishes were
placed on a 15-20° incline and the
medium allowed to gel. The final slanting
agar prevented excess water from com-
pletely covering the surface and slowing
air exchange. The lids of the large dishes
had a 2-cm diam. opening covered with
200-mesh bronze screen to allow air ex-
change. In addition, screw-top clear plas-
tic vials (4.5 cm diam x 8.8 cm high) were
used with each containing 40 ml of agar
media allowed to set on a slight angle.
The lids were left partially unscrewed to
allow air exchange.

LARVAL FOOD. AND REARING PROCE-

DURES.The Culicoides larvae were pro-
vided with nematodes, Panagrellus redi-
vivus (L.)4 which were cultured in the lab-
oratory on oatmeal and yeast. Nematodes
were swabbed with a small paintbrush
from the sides of the plastic culture boxes
(30.5 x 16.5 x 8.8 cm high) and sus-
pended in a small quantity of water prior
to adding 3-5 ml every 3-4 days to the
Culicoides rearing containers.

All of the various types of rearing con-
tainers were held inside the covered
aquaria and examined every 3-4 days for
the presence of the larvae, pupae and
adult stages. A single egg of either C. fu-
rens or C. melleus was transferred from an
oviposition container to the agar surface
in each small rearing container. Groups
of C. hollensis and C. melleus eggs (91-342)
were held in the large rearing containers.
Several groups of first instar C.furens and

4 Obtained from Aqua Engineers, 250 Cedar
St., Ononville, Michigan 48462. USA and
identified by Dr. H. H. Triantaphyllou, Dept.
of Plant Pathology, North Carolina State Uni-
versity.
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C. melleus larvae which hatched from eggs
laid in the oviposition vials were trans-
ferred to the screw-top rearing contain-
ers. This was done by removing a cylinder
of agar containing the larvae from an
oviposition vial and placing it on the agar
surface in a larger rearing vial. The agar
cylinders served as added larval sub-
strates and as pupation sites above any
water accumulation resulting from add-
ing the nematode suspension. Vials were
held and observed along with the other
rearing containers.

In addition, the success of rearing from
groups of eggs oviposited directly on the
agar in the screw-top containers was de-
termined. This was done in 27 vials with
10-17 adult female C. jurens from the
mating cage added to each vial for 2 days
after which the eggs were counted and
the organdy cloth top replaced with the
loose vial cap. These vials received
nematodes and were held and observed
in the same manner as the other rearing
containers.

RESULTS

The agar surface provided a suitable
substrate for oviposition by the female
Culicoides. Most of the eggs were laid on
the agar surface adjacent to the side of
the vial. A few females oviposited on the
filter paper. Any small depressions in the
agar, such as those resulting from trap-

ped air bubbles after pouring the hot
medium, were used for oviposition.

Most eggs were laid within 1-2 days
after the adults were transferred to the
oviposition containers. Some C.Jurens and
C. hollensis females did not lay eggs for
1-2 weeks, and most of these eggs from
delayed depositions were not viable. C.
melleus females generally laid eggs sooner
than the other species.

Comparative results for the 3 species
are summarized in Table 1. The portion
of the adult female Culicoides autogen-
ously laying eggs differed among the spe-
cies. About 65% of the 144 C. melleus, 52%
of the 90 C. hollensis and 26% of the 254
C. furens laid eggs. Females which died
before the 1st observation period were
not considered in the percentage calcula-
tions. The distribution of the number of
eggs laid by a female Culicoides differed
among the species. A normal distribution
occurred for C. melleus with most (79%) of
the females laying 41-80 eggs each. All of
the C. furens and most (68%) of the C.
hoUensis laid 80 or less eggs each. A com-
paratively large number (32%) of the C.
hoUensisand 7% of the C. melleus females
laid plore than 80 eggs. The average
number of eggs produced per laying
female and the percent hatch was variable
for each species. C. furens females aver-
aged only 39.5 eggs each with 45.5%
hatching, C. hollensis females averaged
54.0 eggs each with 77.7% hatching, while

Table I. Number of recently emerged field-collectc:d autogenous female Culicoides laying
eggs in ovipositional containers, average egg production and percent hatch.

C.fUTens C. hollensis C. melleus

No. females held 254 90 144
No. females ovipositing 66 47 93
No. females laying eggs within range:

1-20 22 15 9
21-4{) 12 4 9
4HiO 20 7 40
61-80 12 6 28
81-100 0 7 6

101-120 1 3 I

Mean (:!: SD) no. eggs
per ovipositing female 29.9:!:: 23.5 54.0 :!: 38.3 54.5:!:: 21.8

Percent hatch 45.5 77.7 90.4
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C. melleus females produced an average of
54.5 eggs each with most of them hatch-
ing (90.4%). The mean number of viable
eggs produced per female collected was
greatest for C. melleus (31.8 :!: 12.7) fol-
lowed by C. hollensis (21.9 :!: 15.5) and C.

furens (4.24 :!: 2.8).
The production of adult Culicoides from

the eggs of autogenous adults in the
different rearing containers was low al-
though most adults appeared normal and
readily flew in the small rearing contain-
ers. About 12% of the 210 individual and
15% of the 5596 grouped C.furens larvae
reached the adult stage. There was little
difference in production between the
groups with or without the agar cylinders.
About 13% of the 350 C. hollensis larvae
completed development to the adult stage
in the large plastic dishes. Very few of the
C. meUeus larvae (0.3%) in any of the rear-
ing containers reached the adult stage.

DISCUSSION

This is the first report of a population
of C. hollensis exhibiting autogeny but this
phenomenon has been well documented
in C.furens of Jamaica and Florida (Linley
1966, Linley et al. 1970) and C. melleus of
Florida (Linley and Hinds 1976) and
South Carolina (Henry 1973). Although
Henry (1973), working in South Carolina,
was unable to show autogeny in C. hollen-
sis, only a few individuals from
emergence traps were examined for egg
maturation. The number of eggs ovipos-
ited on filter paper from blood-fed
adults was reported ranging from 8 to 59
by this worker and up to 30 by Atchley
and Hull (1936) (as C. canithorax). This is
considerably less than the numbers of
eggs we found deposited by C. hollensis
without a blood meal. For C.furens and C.
melleus the number of eggs we found was
in the same range as those reported from
other areas (Linley 1976).

The rather large number of adult
females failing to lay eggs was probably
due to the lack of mating (Linley, J. R.,
personal communication). This was par-
ticularly prevalent in C. furens and was

further evidenced by the comparatively
low viability of the eggs that were laid. C.
melleus which is known to readily mate in
confined spaces (Linley and Adams
1972a) oviposited viable eggs nearly twice
as well with C. hollensis somewhat inter-
mediate. Swarming is probably necessary
in C. furens (Linley 1968) and possibly C.
hollensis. Increasing the mating cage
depth by at least 2-fold might allow suffi-
cient space for the pairing of species re-
quiring swarms and subsequently result
in larger numbers of viable eggs.

Although C. melleus produced the
greatest number of viable eggs per female
collected, most of these could not be
reared to the adult stage. Modifications of
the diet or substrate will have to be made
if large numbers of adults of this species
are to be produced. This species is a
predator of protozoa, motile algae and
small invertebrates (Linley 1976) that are
found in abundance in Florida Culicoid~
breeding areas (Linley and Adams
1972b).

The rearing of C. furens on the agar
media was fairly successful and the time
from egg to adult was similar to that re-
ported by Linley (1969) using natural
sterile substrate and a different species of
nematode. C. hollensis is apparently
equally adaptable to this rearing proce-
dure. Cannibalism was apparently not a
problem in rearing either C. furens or C.
melleus since similar percentages of
grouped or individual larvae emerged to
the adult stage. C. hollensis was not reared
individually.

Although living nematodes were the
only food intentionally supplied to the
Culicoides larvae in the agar substrate, the
media was not sterilized and various mi-
croorganisms were probably present on
the agar during the somewhat lengthy
(1-3 months) rearing procedure. The
addition of the nematodes every 3-4 days
after swabbing them from the side of the
culture containers also pr<lvided access
for various microorganisms.

This rearing procedure has many ad-
vantages as outlined by Kettle et al. (1975)
which include a transparent substrate for
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unhindered observations of the life stages
and no need for adding antibiotics or
nutrients. In addition, Culicoides naturally
oviposit on the agar surface and various
organisms and nutrients can be added as
larval food. By using sterilized medium,
vials and eggs this procedure could be
used to study the nutritional require-
ments of Culicoides larvae.
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