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Several standard  mosquito trapping
techniques used with considerable success
in biological and arbovirus studies at
lower latitudes, were tried out in the
Cook Tnlet area during the summer of
1963.  The following information on
Culiseta activities was in part a by-product
of this trial trapping. Although limited,
this information supplemerits the studies
by Frohne (1953, 1954) on the bionomics
of Culiseta impatiens (Walker) and C.
aloskaensis (Ludlow), and by Price (1961)
on C. morsitans (Theobald),

Information on flight activity of ales-
kaenss, impatiens, and morsitans was ob-
tained from samples taken once a week
from June 25 through October ¢, The
samples were collected in a funnel-trap
mounted on top of a jeep which was
driven, at 20 to 25 m.p.hi,, throughout the
dairy farm area of Palmer, about 50 miles
northeast of Anchorage, Alaska. Infor-
mation on resting, mating, flying and
swarming of C. impatiens and to a lesser
extent, alaskaensis, was obtained on thir-
teen occasions between September 20 and
October 21, by direct observation along the
Seward Highway for a half mile below
McHugh Creek, approximately 16 miles
southeast of Anchorage on the shore of
Turnagain Arm. The two localities are
strikingly different.

The Palmer area consists of a broad
floodplain with marginal hills, cultivated
fields, pastures, wooded areas, some ponds,
a slough, with mountains in the distance.
Trial trapping runs were made here once
a week during the last week of June and
the first two weeks of July at hourly in-
tervals from shortly before sunset until
after sunrise. These runs showed that
the total mosquito catch was greatest
during the period immediately after sun-
set, so subsequent flight sampling was

started just before sunset and continyed
for an hour after sunset. Time of sun-
rise and sunset was takeri from the daily
newspaper and agreed fairly well with
the actual time the sun disappeared below
the Aleutian Motntain Range. On June
25 sunrise was at 2:23 am. and sunset
at 9:42 pm. The sun rose and set ap-
proximately three minutes later and car-
lier respectively each subsequent day, with
Sunset occurring at 5:07 pum. on Octoher
9. Air temperature and relatiye humidity
readings were determined by use of a
sling psychrometer, Some Culisera were
caught on each trapping run through
October 1. The temperature and relative
humidity readings at the beginning of the
runs ranged from 62° to 49° F. and 58
percent to g4 percent, and at the end of
the runs from 60° to 40° F. and 6; per-
cent to 100 percent.

C. alaskaensis was represented in the
trap collections by a total of 74 specirmens
(47 males, 27 females). The first males
were caught July 10 and males were taken
on each run thereafter through October
1, but were most numerous on August 27.
Females were taken intermittently and
in  declining numbers from June 25
through August 20, but some or all of
these may have overwintered, Females
first occurred in consecutive weekly col-
lections September 5 and were ~most
numerous on that date. They were last
taken October 1.

C. impatiens was the least numerous
with only 39 specimens (27 males, 12 fe-
males) taken in the trap collections. The
first male was caught July 18; and except
for a few overwintered females in the
June collection, the first females were
caught August 20. Both sexes were most
numerous in the August 27 sample, with
the latest record for females being Sep-
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tember 23 and males, October 1. A mat-
ing pair, consisting of an impaticns male
and a morsitans female, was found (dead)
in the August 13 catch. Mating probably
took place in the 5x 5 x5-inch collecting
cage.

U, morsitans was the most abundant
Culiseta in the trap collections with
o8 specimens (35 males, 63 females).
The first male was caught on July 3, on
the midnight run, and males were again
taken the following week in the midnight
to sunrise collections, but males did not oc-
cur in the sunset collections until July 27.
The first female was taken July 18—the
greatest number of males, September 11—
females September 18; and the last collec-
tion of each sex was October 1. The fe-
males outnumbered the males, and this was
the only species of Caliseta taken in the
few midnight to sunrise collections.
Gravid females were not taken, so in this
area perhaps inseminated females over-
winter, instead of eggs as suggested by
Price (1961 ), with reference to Minnesota.

Judging from these trapping samples,
the following observations southeast of
Anchorage occurred well after the seasonal
activity peak. Observations and collec-
tions were made on September 20, 21, 22,
24, 25, 28, and October 2, 3, 8, 10, 11,
17, and 21. _

In the McHugh Creek arca the moun-
tains abruptly meet the shoreline, which
lies in a northwest-southeast direction. A
ridge rises at the mouth of the creek from
250 feet in elevation and extends eastward
two miles to a 3,500 foot peak. The black-
top highway is less than fifty feet above
the shoreline. Cliffs above the highway
have a few accessible cracks up to six in-
ches wide, and at scattered places there
are patches of boulders at the base of the
cliffs. The nearest marshy area of any
size appears to be at least five miles away,
—up the highway at Potter, down at
Indian, and across the water in the vicin-
ity of Hope.

C. daskaensis and impatiens were the
only species of mosquitoes collected in this
area during these observations, and they
were more plentiful at three particular

sites which were examined at cach visit.
Fach was a cavity just a few [ect above
the highway.

Site 1 was a large hole formed by a
big boulder, flat on the underside, rest-
ing at an angle on other boulders several
feet apart at the top. The cavity narrowed
downward for about eight feet to the
underlying rocks. The opening, located
at an outer curve along the highway
and facing slightly south of west, was
large enough to get head and shoulders
inside. There were more big boulders
above this particular one and at this site
the ridgetop was about 500 feet elevation.

Site 2 was a six-inch hole, possibly a
small animal run, formed by two small
rocks in dirt leaning against the cliff at the
northwest end of a wide and high, but
shallow, concavity in the cliff. The hole
faced southwest and undoubtedly led to
cavities between the underlying rocks.
Elevation of the ridgetop here was about
650 feet.

Site 3 was at the entrance of a small
man-made cave in a cliff. The entrance
was four feet above ground and four feet
in diameter, and the 20-foot cavity tapered
to two-and-a-half feet in diameter at the
end. The face of the cliff was slightly
concave so the overhanging top formed
a sheltered area at the mouth of the cave.
In contrast with the dark opening there
was a weather-bleached log ladder at the
entrance and another similar log along
the base of the cliff to the left, which ex-
tended to a boulder under a sharp under-
cut where dried leaves had drifted. A
mouse was seen there about dusk on sev-
eral visits. There was a small slide area
ten yards to the right of the cave with a
cottonwood tree at one side and a few
smaller trees and bushes higher up, fre-
quented by a tree squirrel. The mouth
of the cave faced slightly west of south.
The top of the ridge was about 750 feet
high.

The resting mosquitoes were taken from
the rocks with a modified flashlight-type
aspirator powered by three dry cells.
The aspirator had been further modi-
fied by inserting a one-hole stopper into
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the t%-inch (inside diameter) plastic in-
take tube. The stopper was fitted with a
beinch length of ¢/16inch (inside dia-
meter) rigid plastic tubing which had
a piece of nylon mesh over the inner
end, held in place by a rubber band. This
made it possible to pick off mosquitoes
about 15 inches beyond arm’s length wsing
otie hand only, The tibe could be put
very near the specimen, the switch pushed
on and the specimen drawh in without
inspiration, gagging, or fouled-up rubber
tubing, as with a mouth-operated aspira-
tor,

Resting Culiseta, mostly impatiens ac-
cording to collection samples, and to 2
lesser extent alaskaensis, were found in
sheltered and shaded niches and crevices
on the cliffs and on the underside of
boulders, on all visits, twelve of which
were made in the afternoon and one in
the late morning. Throughout the area
the adults were most numerous on the
hrst few visits when the air temperature
was in the middle and high fifties, and
scarce on the last visit when it was in the
low forties (° F'). Males far outnumbered
the fernales, which were new and fresh in
appearance, whereas the males were gen-
erally rubbed, faded and worn. Inside
the cave, the resting mosquitoes were
usually within a yard of the entrance,
concentrated on the ceiling,

It was impossible to see the resting
mosquitoes inside Site 2, and difficult
to see them inside Sites 1 and 3. Soon
it was discovered that on most occasions
the mosquitoes could be aroused momen-
tarily by saying “mmmmmmmmm”
pitched at F# below middle C. Simul-
taneously they flew a few inches from
the surface and then settled back again;
so a rough estimate was possible. But
if they were stimulated three or four times
in succession they failed to respond fur-
ther. Either pitch is extremely critical
or perhaps an unknown factor is involved
because the mosquitoes did not respond
at all on September 22, although temper-
ature, humidity, and period-before-sunset
were within the range when reactions oc-
curred on other days.

Six mating paits of impatiens were taken
at these three observation sites September
20 to October 17 between 2:15 and 4120
p-m. when the temperature and relative
humidity ranged from 54° to 43°F. and
55 pereent to 95 percent.  Courting and
mating were seen at Site 3 on September
24 at 3:40 p.n. and followed in general
the procedure observed in captivity by
Frohne (1953) with the exception of
coupling which took place while testing.
The two were side by side on the ceiling
of the cave, and the male occasionally
touched the female’s legs, until they finially
both flew off the surface ahout an inch,
then landed close together, While restinig
thus the miale succeeded in coupling on
the second attempt, and then hung sus-
pended from the female.  Mating pairs
beyond reach down in the rocks were
removed by totiching the female gently
with a stick to which she clung.

There appeared to be a gradual increase
in the resting population in the late after-
fnoon as swarming time approached, Site
T was visited several times during the
afternoon of September 24 and the nurm-
ber of mosquitoes seen resting there in-
creased at each visit,—from 12 at 3155 on
the first visit to 30 at 4:20 on the last;
and the maximum seen there was esti.
mated to be 40 on September 21 at 4145
pm., also the last observation that day.
Likewise at Site 2 on October 1t there
were 5 at 4:00 p.am. and forty-seven tmiin.
utes later, 13, three of which were seen
to fly out of the opening and alight on
the rocks a few inches away.

Litde if any flight activity was noticed
in broad daylight except for short dis.
tances of a few feet when I disturbed the
adults while trying to collect specimens.

Male swarms were observed at Site 3
and one or more locations in the general
area on ten of the visits. Swarms did not
form at Sites 1 and 2. In general the
swarms were largest on the first few days
of observations and became smaller as the
season progressed. The September 2r
swarm contained about 100 individuals
and the September 24, 25, and October
2 swarms involved about 50 individyals,
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Afrer that the swarms were small, consist-
ing of 20 ot less. On the four occasions
when the swarms were fairly large, an
audible hum was produced. Berause of
the small numbers involved in the swarms
only one, and occasionally two, samples
were taken. C. alaskaensis males were
present in all the swarm samples taken
throughout the area. C. impariens males
were present in the September 24, 23, and
October 2 samples. This relative abund-
ance is the reverse of that indicated by
the testing collections.

Most of the swarm observations were at
the entrance to the cave, which appeared
to he a regular swarm site, perhaps be-
cause it was sheltered from the wind and
rain and also offered considerable con-
trast between the dark entrance and the
bleached logs in comparison with the
relatively uniform grey of the cliff.
Swarms formed at the dark entrance above
the top of the ladder and a foot or less
above the log which was at the base of the
cliff to the left of the ladder. Swarming
usually began first above the ladder with
one or two males flying back and forth,
turning and dipping, all in a restricted
space. As more males joined the activity
and the swarm grew in size, occasionally
near-collisions occurred, and also individ-
uals alighted on the nearby surfaces and
“rested,” then rejoined the swarm. There
was an interchange of individuals be-
tween the high and low swarms and early
in the season when the large swarms were
formed, the whole space at the entrance
to the cave, as well as the sheltered area
on both sides was utilized.

The temperature was between 57° and
43° F,, and the relative humidity between
55 percent and 8o percent when swarming
occurred. On four occasions between Sep-
tember 21 and October 8, the beginning
and end of swarming was observed. It
started between 40 and 55 minutes before
sunset and ended a few minutes after
the end of twilight when it was too dark
to see the mosquitces without artificial
light. After the swarms had dispersed,
searches with a flashlight along the face
of the cliff and the usual resting sites

yielded only a male or two. This tends
to support the information regarding max-
imum flight activity obtained from the
jeep trap sarnples. Could swarming be
a competitive “sport” or a “warm-up” for
the dispersal flight that follows?

Swarins were not seen on three visits,
—October 10, when there was a strong
west wind and temperature  40° F.,
October 11, when the temperature again
was 40° F., and on October 2r when it
was too eatly in the aftersioon for swarin-
ing. This was the last visit to the area
and resting specifnens were very scarce;—
otily three males and two females seen,
and collected, in the entire area, including
the rave at Site 3, which was catefully
examified.

Oceasionally during swarming observa-
tiofis, specimens were noticed against the
sky, flying along the face of the cliff dnd
low over the roadside. Because of cofi-
centration on swarming, samplcs were
not taken until October 8. Ten miinistes
before sunset that day a few mosquitoes
could be seen against the sky flying south-
eastward past the cave, six to nine feet
above the grotind, along the roadside to
the light-colored jeep where they becarrie
lost against the datk background. In that
to-minute period 4 fmpatiens, and 2
alaskaensis females were netted individu-
ally. A few other specimens were missed.
This was the only occasion females were
known to be involved in flights of any
distance (excepting for the assutned ini-
tial flight from the nearest breeding
grounds which appeared to be about five
miles away). At this very same ftime
about a dozen males (alaskaensic accord-
ing to sample) were swarming at the cave
entrance six yards away.

The cliffs in this area faced southwest
so the gradual daily emergence of Calis-
eta from hidden cavities may have been
in response to temperature change and
the warming of the rocks similar to the
suggestion by Harwood (1962) with refer-
ence to emergence of overwintering Culex
rarsalis Coq. Or, daily emergence ray
be a response to direction, intersity, of
quality of the light rays. This could be
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determined if Culicetn congregate hoth
in talus and on dliffs facing north-
west, north, etc., around to south, just
by observing their daily activity patterns
at those different exposures.

Further observation of this talus habitat
from break-up to freeze-up may determine
if this is the overwintering site of these
two species of Culisete, or the summer
resting - site—and  should also  show
when the seasonal swarming peak occurs,
I this talus is an overwintering site and
if the habitat of the immatures is far
away as mentioned carlier, perhaps the
adults follow local fly-ways, resembling on
a small scale the long-distance routes of
migratory birds, with return of the fe-
males to the breeding area in spring for
egglaying. Prevailing breezes during the
suggested migratory periods may provide

much of the required energy, in hoth di-
rections. Or the mosquitoes may be carried
here by the breeze and blocked by the
motintain, thus having no control over
their long-range flight routes, if such do
indeed exist,
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Dieldrin-resistance in insects is decisive
(Brown, 1961) and when fully developed
in mosquito larvae it is in the order
of several thousandfold (Davison and
Mason, 1963; Klassen and Brown, in
press).  Although it has been suggested
that dieldrin-resistance may arise as a
post-adaptation of insects exposed to sub-
lethal dosages of a cyclodiene (Garin,
1953), compelling evidence for this view-
point has not been published. On the
other hand it has been shown that diel-
drin-resistance arises as a result of Darwin-
ian selection for preadaptations, and that
it segregates as a partially dominant
allele in  mosquitoes (Davidson and
Mason, 1963; Khan and Brown, 1961) and
in other insects (Brown, 1961).” Never-
theless it is evident from the data of

Klassen and Brown (in press) that this
allele does not attain full expression until
modifiers have been accumulated by in-
tensive selection.

The frequency of this allele was evi-
dently as. high as 6 percent in some
field populations of Anopheles gambiae
before cyclodienes had been directed
against them in the malaria eradication
program (Armstrong et al., 1956). Of
course the possibility has not been ruled
out that such high frequencies of the
allele in mosquito populations have arisen
through their inadvertant selection with
cyclodienes used against agricultural in-
sects.

Reversion of dieldrin-resistance to com-
plete susceptibility within 25 generations
was reported by Shanahan (1960) in a



