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environmental persistence and contamina-
tion are very small. Indeed, both bio-
assay and gas chromatography have shown
that the half-life of 1o ppm MON-0585 in
soil was approximately two days. The
chemical has, however, sufficient hydrolytic
and photostability to control mosquito
larvae in the field. Preliminary field tests
indicate that MON-0585 gives complete
control of mosquito larvac at approxi-
mately 1.0 Ib./A.

Sunmary. MON-0585 is a specific, low
toxicity material for control of mosquito
larvae at their breeding sources. It is a
new type of material which exhibits a
different mode of action against immature
mosquitoes. The compound appears to
have a relatively low order of environ-
mental persistence and a potential for min-
imal environmental contamination.
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AUTOMATIC DEVICES FOR RECORDING OVIPOSITION
PERIODICITY OF MOSQUITOES IN THE LABORATORY

PHILIP 8. CORBET,! R. E. BELLAMY anxp R. H. KEMPSTER
Research Institute, Canada Department of Agriculture, Belleville, Ontario

IntroDUCTION. It is often necessary to
know the temporal pattern of oviposition
before other aspects of this activity can
be studied critically. We describe here
two devices that can be used to obtain
such information, relatively simply, for
most species of mosquito that will ovi-
posit in the laboratory.

In devising a method of recording the
temporal pattern of oviposition, we pro-
ceeded differently for (1) species that
normally lay on a moist substrate close
to water (e.g., Aedes aegypti (L.)), and
for (2) those that normally lay on the
surface of free water (e.g., Culex pipiens
L.). In each case our device periodically
presents, and withdraws, an oviposition

1 Present address: Department of Biology, Uni-
versity of Waterloo, Waterloo, Ontario,

surface; but in one design (for 4. aegypri)
the substrate is withdrawn without the
mosquitoes remaining on it, and in the
other design it is withdrawn with the
mosquitoes still on it and then immedi-
ately rendered less suitable for oviposition.
These two devices will be described sepa-
rately. Both are electrically driven and
regulated by an electric clock 2 set to pro-
vide impulses hourly on a 24-hour cycle.

Tue Sunser Stre (dedes aegypr)
(Figures 1-3). This apparatus is fitted
to the outside of a modified cage and is
exposed by opening a trapdoor in the cage
wall; it can therefore be installed, oper-
ated, and removed with minimal disturb-
ance to mosquitoes in the cage.

£24-hr, dial Mode! 8682 Remind-O-Timer,
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¥io. 1.—The Sunset Strip attached to a cage and ready for use. The cage is about 6o cm high.
A, electric motor; B, elcctric clock.

The mosquitoes oviposit on a slightly
curved surface of rough, brown-paper
towelling # kept at uniform wetness (Fig-
ure 2, J). A strip of towelling 1o-cm
wide is drawn from a roll below (Figure
2, A), passing through a water bath
(Figure 2, B) kept at a constant depth
by a 500-ml reservoir flask (Figure 2, F),
and then around a drum where mosqui-
toes gain access to it through the “ovi-
position window” (dimensions 3 x 8 cm)
(Figure 2, J). At the end of each ex-
posure period, the part of the strip that
has been exposed is drawn upwards be-
yond the window, and covered by a clear
plastic film,* 10<m wide, dispensed from
a roll above (Figure 2, E). The resulting
two-layered strip is cventually drawn out
of the enclosed part of the device and
along a horizontal platform (Figure 2, C)
where the eggs (4 or more hours after
having been laid) can be viewed and
counted through the plastic film. The
film prevents eggs from being detached
or displaced if the strip is accidentally

3 Peerless, cut to 10-cm width,
4 Handi-Wrap, cut to 1o-cm width,

touched; and it prevents stray mosquitoes
from ovipositing on the paper towelling.

A drag-line 5 running the length of the
platform is attached to the free end of
the double strip by a spring clip (Figure
2, D) gripping a plastic bar that prevents
the strip from creasing or tearing. The
drag-line runs to a pulley attached to an
electric motor ¢ (Figure 1, A) controlled
by the electric clock (Figure 1, B). At
the end of each exposure period the motor
is activated; it turns the pulley for 30
seconds, advancing the paper 4.4 cm, and
then switches itself off by 3-way switching
between the clock and pulley. Through-
out each exposure period an indelible pen-
cil © (Figure 2, H) rests on one upper
corner of the exposed part of paper towel-
ling. As the strip begins to move, be-
tween periods, this pencil is raised by a
solenoid (Figure 2, G) and is not lowered
again until the strip stops. The marks
left on the strip enable exposed areas to
be identified afterwards. Figure 3 shows
the wiring diagram for the Sunset Strip.

5 8.lb. test monofilament fishing line.
6 L.LR.P.M. Synchron.
7 Dixon Blue Anadel 1950 Colored Copying.
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If each exposure period is 1 hour and
the platform is 135 cm long, the exposed
part of the strip has to be detached once
every 24 hours. As soon as the motor has
drawn the strip to the 25th hour-position,
the strip is pulled manually a further 35
cm—far enough to draw the three most
recently exposed areas out of the appa-
ratus. Before the section of the strip is
detached, the plastic film is stapled to the
paper towelling beneath it to prevent one
layer from moving relative to the other
and thus displacing eggs. The detached
strip is anchored with thumbtacks to a
rigid board for carrying and inspection.
As soon as the detached strip has been
removed from the platform, the drag-line
is unwound from the pulley, untwisted,
and attached to the free end of the next

strip. The slack is taken up by manual
operation of the clock switch, The ap-
paratus will then run unattended for an-
other 24 hours. The daily change (which
does not involve opening the cage or
closing the oviposition window) takes 6
minutes, Mosquitoes are denied access to
a stationary oviposition surface for only
about 1 minute, an interruption that com-
pares favorably with the usual 30 seconds
required to advance the strip between
exposure periods.

A critical distance is that separating the
oviposition surface and the advance (up-
per) edge of the oviposition window. This
gap must allow eggs to pass through un-
touched and yet must not admit mosqui-
toes standing on the oviposition surface
when this is drawn beyond the window.

T

I

Fie. 2—The Sunset Strip: cut-away diagram of attachment to cage. A, roll of paper towelling;
B, water bath; C, horizontal platform supporting two-laycred strip; D, spring clip; E, roll of plastic
film; F, reservoir flask; G, solencid; H, indelible pencil; J, towelling surface exposed in oviposition

window,
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Fie. 3.—Wiring diagram for the Sunset Strip.

To allow for different thicknesses of pa-
pet, sizes of mosquitoes, and densities of
eggs, this clearance is made adjustable by
screws in clongated holes; for moderate
numbers (300) of synchronously gravid
A. asgypti we have found that a clearance
of 1.5 mm between strip and window-
edge s satisfactory for an oviposition win-
dow of dimensions 3 x 8 cm.

As described here, the Sunset Strip of-
fers no exposed water surface to the
insects. It will be for each investigator to
determine whether or not such a surface
should be provided and, if so, in what
form. Because the presence of an exposed
water surface affects the number of eggs
laid by A. aegypti on moist paper (Goma,
1964) and also the diel pattern of ovi-
position (O’Gower, 1963), we carried out
tests to compare oviposition performance
on the Sunset Strip (condition A) with
that on moist paper (of the same area
and composition as that used in the Sun-
set Strip) adjacent to an exposed water
surface in a bow! (condition B). Though
performance differed slightly and consis-
tently in A and B, it did not do so to
an extent that would have affected most
studies on oviposition periodicity.

Tests were conducted in a 12:12 light:

dark regime at 81° F. and 70 = 5 percent
R.H. The numbers of eggs 1aid in A and
B were closely similar during the first 20
days of egglaying: 26,17 (A) versus
26,991 (B)—a difference of only 1.63 per-
cent. Oviposition began on the same day
in each condition, but the median number
of eggs was laid about 28 hours later in
A. After day 20, when oviposition had
almost ceased, an oviposition bowl (as in
B) was added to A; a short burst of ovi-
position followed, revealing that females
in A had previously withheld about 3.2
percent of eggs. The periodicities in A
and B were similar in general, with the
peak falling in the same hour and con-
taining 30-40 percent of the eggs laid
daily (except when oviposition had fallen
to a low level at the end of a batch).
The periodicities differed slightly in two
respects: in A the progressive increase in
oviposition before the peak was smoother
and more consistent; and in B slightly
more of the oviposition occurred during
daylight. These small differences were
caused mainly by the presence of an ex-
posed water surface: the diel pattern of
laying on the Sunsct Strip became inter-
mediate between patterns typical of A
and B when a bowl of water was placed
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close to the oviposition window, but only
if the bowl was left uncovered. The num-
ber of eggs laid in the water itself (148/
9,707 or 14 percent) was too small to
account for the effect,

These experiments show (1) that pe-
riodicities, as measured by the Sunset Strip
and by a paper-lined bowl of water, differ
slightly; (2) that this difference is too
small to affect seriously the use of the
Strip as an experimental tool; and (3)
that the difference can be made smaller by
placing an open water receptacle close to
the oviposition window. In our strain of
A. acgypy the number of eggs laid on
the water itsell in such a situation was
insignificant for experimental purposes.
But strains of this species can differ in
this regard (Wood, 1963) and if this
number were to be prohibitively large for
a given experiment the investigator might
have to use the Carousel instead. :

Tue CarouseL (Culex pipiens) (Fig-
ures 4~7). This employs the principle of
the roundabout: oviposition containers,
peripherally disposed on a circular plat-
form, pass successively beneath a stationary
cage of mosquitoes (Figures 5 and 6),

A 115 13-W motor, coupled through
reduction gearing, pulleys and a “V” belt,
turns the platform 1/26 of a circumference
at the end of each hour. A selection switch
(Figure 5, B) offers: manual operation;
step A; step B; or automatic (clock) con-
trol. A “stop” position between each selec-
tion allows any setting to be chosen in-
dependently. A 4-spoke rotary switch
under the platform, activated by pins that
engage the spokes, stops the platform at
the correct intervals when steps A, B or
automatic are selected. A limit switch
stops the machine when 24 containers have
been exposed.

Mosquitoes lay eggs on a water surface
presented beneath the “oviposition win-
dow”—a circular hole (diameter § cm
tapering to 6.2 cm) in the floor of their
cage (Figure 6, D). At preset intervals
the lower platform rotates enough to re-
move one oviposition container and expose
another, an operation completed in 5
seconds. After exposure, the oviposition
container is automatically closed when it
passes beneath a plastic overlay that comes
to rest on top of it. Mosquitoes on the
oviposition surface at the time of transi-
tion are usually carried along in the mov-

A B C D E F G H I
CAGE DOOR CAGE CLOCK ROTARY LIMIT MANUAL MOTOR DRIVE PUNCH
SOLENOID SWITCH RELAY SWITCH SWITCH SWITCH RELAY MOTOR MAGNETS

¢ I 1 '

T [ [N [ [
1 i L= 1 t

15y 1 1 g 1 '
< | (= i '

\L ! St ( | L
\5 | | 1 )

I 1 1

| | 1

1 T 1
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Fire. 4—Wiring diagram for the Carousel.
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Fic. 5—1he Carousel ready for use. A, receptacle for water drained trom cups; B, selection switch.
Tre. 6.—The Carousel: close-up of mechanism. A, counterweight; B, electromagnets; C, stainless
steel cannula; D, oviposition window; E, trapdoor in upper platform; F, nested styrofoam “cups; G,

cup Y: H, gauze diaphragm; J, cylinder Z; K, cylin

ing container (and are therefore with-
drawn from the ovipositing population, a
possible shortcoming of this device for
certain kinds of investigation). Given this
situation, it becomes necessary that the
mosquitoes so confined, some of which
may have been ovipositing at the time of
transition, are discouraged from oviposit-
ing further, because the time-segregation
might no longer be reliable were they
allowed to do so. Tn our device this is
achieved by removing the water (though
not the mosquitoes or laid eggs) from the
container immediately after it has been
withdrawn from beneath the cage. For
this to be done the container must be of
special design.

Fach oviposition container consists of
two, nested styrofoam cups ® (Figure 6,

8 Poly-Maid.

der Z nested in cup Y.

F; Figure 7). The lower, outside cup (X)
is fixed to the lower platform and has a
hole (diameter 1 cm) near the bottom of
the cup (Figure 7). The upper cup (Y)
sits in cup X and contains a tapered
cylinder Z, itself part of a cup, that secures
a piece of nylon gauze (20 mesh/cm)
which thus forms a horizontal diaphragm
or sieve, about halfway up the oviposition
container. Cup Y and cylinder Z have to
be nested precisely in cup X so that the
whole, composite container is of a standard
height. For experimental purposes the
water level should be standardized in each
container. Accordingly, when the Carousel
is being loaded before an experimental run,
each oviposition container is assembled
and filled with water; then a large in-
verted cup with a central plunger is
pressed down on top of the container. This
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Fie. 7.—Opviposition container, assembled. The
cannula (not shown) pierces cup Y through the
hole in cup X; this drains cup Y and leaves any
mosquitoes and egg rafts on the gauze diaphragm,

seats cup Y and cylinder Z, and at the
same time displaces excess water.

As soon as a container has been with-
drawn from beneath the cage (by rota-
tion of the lower platform) at the end of
an exposure interval, a stainless-steel can-
nula (14 gauge, 10cm long) (Figure 6,
C) is driven through the hole (Figure 7)
in cup X so as to puncture cup Y below
the gauze diaphragm. The water in cup
Y then flows through the cannula into a
receptacle below (Figure 5, A), or, if
there is leakage, is caught in a saucer be-
neath the cup and delivered to the re-
ceptacle via a trough. In this manner, 45
seconds after the transition (ie., 50 sec-
onds after the end of an exposure period)
any mosquitoes and eggs in the container
find themselves stranded on the moist
diaphragm which, being nylon, reduces
substrate moisture. Experiments designed
specifically to determine this showed (1)
that the draining procedure neither pre-
vents females in the container from com-
pleting rafts already started nor from
beginning and completing rafts an hour
or more after draining has occurred; and
(2) that draining substantially reduces the
incidence of laying among females so
treated.

Thus the practice of draining represents
an improvement over existing devices but
does not provide the investigator with as-
surance that oviposition in a container
has been prevented completely after the
exposure period; for this to be obtained,
manual clearing still represents the only
method available. Tt is noteworthy, how-
ever, that the temporal patterns of ovi-
position revealed by the Carousel (operat-
ing in the manner described) are
consistent, and resemble closely those ob-
tained by manual clearing (M. G. Maw,
1970, personal communication). Thus for
many types of investigation the Carousel
will provide results that characterize a diel
oviposition periodicity with acceptable pre-
cision.

When the platform begins to turn after
the next exposure period, electromagnets
(Figure 6, B) of the cup-puncturing mech-
anism withdraw the cannula from the
drained cup; when the platform stops, a
counterweight (Figure 6, A) drives the
cannula into the next cup. |

As described here, with exposure pe-
tiods of 1 hour, the Carousel has to be
emptied once daily. The maximum con-
tinuous run is 24 hours and there are 26
cups. Before an experiment is started,
cup No. 26 (a dry blank) blocks the hole
in the cage floor. The experiment begins
as cup No. 1 is automatically moved under
the hole; 24 hours later cup No. 25 (also
a blank) moves into place beneath the cage
and the machine automatically stops. If
the experiment has to be continued, the
hole in the cage floor is closed manually
by activating a sliding door, the cage is
quickly moved to a standby platform con-
taining an oviposition container, and the
door in the floor is opened. During this
interim arrangement it is, of course, neces-
sary that the lighting conditions remain
unchanged and that the cage is not jarred.
(The sliding door is held open by a
solenoid and in the event of an electrical
failure springs shut automatically.)

Whenever necessary (e.g., when reload-
ing after a 24-hour run) the manual con-
trol of the platform movement can be used
without disturbing the clock’s preset cycle.
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The platform can be turned through its
regular stops, and each cup replaced
through the opening left by removal of a
trapdoor (Figure 6, E) in the upper plat-
form. Cup X bears a number that can be
related to the time of exposure, and V is
labelled appropriately as it is removed.
When the cups have been replaced, the
automatic control is again chosen and the
clock takes over. Since the cage has to be
left on the standby platform for 1 hour, the
automatic control has to expose cup No. 2
as soon as the cage is returned to the
Carouscl. 'This means that (if desired)
reloading can occur at the same time each
day.

If experimental requirements permit,
cup Y, cylinder Z and the gauze dia-
phragm can be used again after removal
of eggs and mosquitoes, and after washing
(the puncture in cup Y can be patched
with tape of a kind that does not con-
taminate the water in the container). It
must be emphasized, however, that to do
this in some kinds of investigation might
introduce an experimental error if, by
laying in a container, females were to
render it cither more or less attractive as
an oviposition site. The findings of Os-
good (1971b) reveal the need to allow for
chemical factors that may influence ovi-
position intraspecifically in this way. Cup
X is not in direct contact with mosquitoes
at any time; it is subject to possible con-
tamination with the water on which eggs
have been laid only if there is leakage
around the cannula when cup Y is
drained. To compensate for, and detect,
possible error due to this cause, a given
cup on the wheel can be exposed at differ-
ent times of the day on successive runs.

The Carousel is designed primarily to
study mosquitoes that oviposit on the sur-
face of water. However, with minor
modifications, it can be used for most
species of aquatic insects (including Aedes
aegypti) that will lay in cages. When such
modifications are being devised, it should
be remembered that the oviposition surface
should be rendered less suitable imme-
diately after the end of an exposure period.

For species of Aedes, that may lay on moist
gauze, the work of Knight and Baker
(1962) would have close relevance;to such
an operation.

The Carousel differs from a device de-
scribed by Logen and Harwood (1965) in
the following  respects. In the Carousel
the cage stays still and the oviposition con-
tainers rotate instead of wice wversa;: the
Carousel has 26 instead of 13 oviposition
containers; in the Carousel (alonc) females
that are carried along in an oviposition
container at the time of transition are dis-
couraged from ovipositing subsequently;
and the Carousel makes provision for
emptying and recharging the oviposition
containers without breaking the con-
tinuity of houtly observations.

Although it is expected that the Carousel
will be the device of choice for studies of
mosquitoes that lay eggs on the water
surface, recent observations by Osgood
(1971a) reveal the likelihood that the Sun-
set Strip, perhaps modified to offer an
horizontal oviposition substrate, might
also be available for this purpose.

Summary. Two electrically driven de-
vices are described that automatically
segregate successive time-samples of eggs
laid by mosquitoes in cages. One device is
suitable for species that oviposit mainly on
moist surfaces near water (e.g., Aedes
aegypti (L.)), and the other is suitable for
species that oviposit on the water surface
itself (e.g., Culex pipiens L.). The devices
are designed for studies of oviposition
periodicity.

AcxNowrepeMENnTs. We thank Messrs.
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THE PUPAL STAGE OF CULICOIDES FURENSOIDES
WILLIAMS (DIPTERA: CERATOPOGONIDAE);
A FIRST DESCRIPTION

ALAN H. COCHRANE
Department of Entomology, College of Agriculture, Cornell University, Ithaca, New York 14850

AbstrAcT.  The pupal stage of Culicoides
furensoides Williams is described from a single
specimen collected at the Malloryville Bog, Tomp-
kins County, New York. The affinitics of the

Adult C. furensoides were first re-
covered by Williams (1955) with an
emergence cage placed over a Sphagnum
mat at the edge of a pond at Bryant’s Bog,
Cheboygan County, Michigan, July 22,
1954. The first New York State record is
credited to W. W. Wirth who collected a
male of this species at Braddock Bay,
Monroe County, New York, June 12, 1963.

During the period of July 8, 1970, to
July 23, 1970, the author collected 18 fe-
males using a light trap placed at the
Malloryville Bog, Tompkins County, New
York. The following summer one pupa
was isolated from the Sphagnum mat at
this bog. This paper provides the first
description of the pupal stage of C.
furensoides.

MATERIALS AND METHODS

On July 21, 1971, a sample of Sphagnum
taken at the Malloryville Bog yielded one
C. farensoides pupa after being washed,
using a set of three nested brass gauze
sieves, 10, 40, and 80 mesh, and then being

pupal stage of this species with other species of
the furens group in which it is placed are dis-
cussed.

subjected to magnesium sulphate flotation
(Kettle and Lawson, 1962). The specimen
was transferred to moist absorbent cotton
in a clear plastic box measuring 2 em. x
2 cm. X 1% cm. for rearing. The adult, a
female, emerged July 22, 1g71.

The adult and pupal exuvia were
mounted on the same slide under separate
coverslips. The specimens were first
cleared in a saturated solution of phenol
in absolute alcohol, passed through a
graded series of phenol-balsam, and then
mounted in pure, paperiltered, Canada
balsam. The respiratory horns and
operculum were dissected from the intact
pupal pelt for close examination.

A 10 % 10-square grid micrometer disc
was used to make the drawings. Termi-
nology for the body tubercles is that of
Carter et dl. (1920), with the exception
of the dorsomedian (d.m.) tubercle which
was first used taxonomically by Lawson
(1951). Many of the body tubercles, in-
cluding the 4., v.m., and vl, dasm.,
dpm., and v.p.m. tubercles, were drawn
in correct relationship to one another.



