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as adults and emerge from hibernation while much of the winter
snow is on tbe ground. In some
localities this speciesis sulTiciently
abundant to cause serious annoyance.
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THE MOSQUITOES

OF ALASKA

By C. M. GJULLIN, R. I. SAILER, ALAN STONE, and B. V. TRAVIS,’ entomologists,
Entomology Research Division, Agricultural Research Service

History of Mosquito Abundance and Control
The mosquito problem in Alaska
seems to have changed very little
since it was first recorded by early
travelers and explorers.
The first
reconnaissance of Alaska after its
purchase from Russia in 186'7was
made by Raymond
(94) 2 of the
U.S. Army Engineer Corps in 1869.
During his voyage up the Yukon
River by steamboat, mosquitoes
were present in large numbers. He
wrote :
The swarms of mosquitoes and gnats
which abound on the river during the
months of June and July proved a very
serious annoyance.
When the boat was
not in motion, we were obliged to wear
face nets and gloves; and on one occasion an attempt to make sextant observations
failed
completely
from
this
cause. The mosquitoes are much larger
than those met with in lower latitudes.

Petrof (89)) while investigating
the population and resources of
Alaska in 1880, found mosquitoes to
be a severe annoyance in the lower
Kuskokwim Valley.
He wrote:
There is another feature in this country which, though insignificant
on paper, is to the traveler the most terrible
and poignant infliction he can be called
upon to bear in a new land.
I refer to
the clouds of bloodthirsty mosquitoes, accompanied by a vindictive
ally in the
shape of a small poisonous black fly,
under the stress of whose persecution the
strongest man with the firmest will must
either feel depressed or succumb to low
’ Now with the Department
of Entomology, Cornell University,
Ithaca, N.P.
a Italic numbers in parentheses refer to
Literature
Cited, p. 81.

fever. . . . The traveler who exposes his
bare eyes or face here loses his natural
appearance ; his eyelids swell up and
close, and his face becomes one mass of
lumps and fiery pimples.
Mosquitoes
torture the Indian dogs to death, especially if one of these animals, by mange
or otherwise,
loses an inconsiderable
portion of its thick hairy covering, and
even drive the bear and the deer into
the water.

During a military reconnaissance
elf the Copper River Valley in 1898
under the direction of Abercrombie
(1)) captain of the Second U.S.
Infantry,
a party led by Rafferty
(91) investigated the route from
Valdez to Copper Center on the
His party camped
Klutina River.
for several days at Copper Center.
He described the mosquito situation
at that time (June 9-13) as follows :
The long-expected pests, the mosquitoes, were out in full force during the
stay at this camp, and the men were compelled to wear veils day and night, with
gloves to protect the hands.
The ferocity of these mo,squitoes I regard as something remarkable.
The species found
here is not the large, singing sort seen
in the States, but a small, silent, business-like insect, sharp of bill, who touches
the tender spot in a surprisingly
short
time after alighting.
After making their
appearance they never left the expedition for a day.

The conditions described by these
early travelers do not prevail in all
parts of Alaska with equal intensit,y, nor are they always as severe
in the same locality from year to
year. However, Stef ansson (101)
after many years of travel and ex1
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ploration in the North considered
mosquitoes one of the principal obstacles to the development of this
region.
The first information on the species of mosquitoes that are such a
severe pest in many places in Alaska
may have been obtained by Trevor
Kincaid (Coquillett 20) of the Harriman Alaska Expedition in 1899.
He collected large numbers of insects, including two species of mosquitoes. Mosquito collections have
also been made by J. S. Hine of the
National Geographic’s Mount Katmai exped,ition in 1917, as well as
by H. G. Dyar in 1917 and J. M.
Aldrich in 1921.
The habits, biology, and methods
of control of mosquitoes in Alaska
were first investigated in t,he summer of 1931 in a cooperative project
betn-een t.he U.S. Burean of Entomology and the US. Sme<lting and
Minmg
Co. The
inve#stiga t,iolns
were carried on by Tulloch (106)
at
Fairbanks,
Alaska.. Fifteen
species were collected in the area
during the summer. Recommendations folr control of mosquitoes a,ffecting the men employed in golddredging operations t,here included
burning of the daad vegetatioln to
facilitate evaporation of partially
covered pools, minor drainage., and
spraying of breeding areas adjacent to the mining operations with
diesel olil.
Additional
information
on the
distribution, abundance, and species
of mosquitoes in Alaska was obtained by Stage in 1943 (99).
Chamberlin als’o added considerable
information
to our knowledge of
Culicidae
during
194345
(99).
During 1956 in northeast(ern Alaska
Ehrlich (9a) collected several species of mosquitoes not previolusly
reported from beyond the tree, line.
Studies of the biology and control
of arctic mosquitoes were made for
the U.S. Navy
installations
at,
Umint. Alaska, by Jachowski and
Schultz (75) and by Knight (80)
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during 194748.
Work in t>hisarea
was carried on ma,inly during the
summer and was handicapped by
huge swarms o’f mosquitoes, which
emerged after the spring thaw and
persisted until the first frost. Four
species were present. Neither fuel
oil alone nor fuel oil and DDT
gave satisfactory control in airplane applications a,gainst larvae,
but DDT-fuel
oil npplications
against adults markedly reduced
the mosquito populatioa for a few
days.
The need for protective mea’sures
against the hordes of biting insects
,in the arctic and subarctic became
more urgent with the increased military interest in these regions after
1941. As a result of a discussion
of these problems by workers in the
U.S. Department
of Agricult’ure
and the o#fficeof the Surgeon General, U.S. Depa1rtment8of the Army,
a project was outlined by the former to obtain blasic informa.tion for
insect control. This project was
approved by the Surgeon General1
in 1946, and the Department
of
Agriculture was designated as the
responsible a g e n c y. Specia1ist.s
were assigne,d from the various
agencies concerned. Qua’rters and
subsistence for t,he men and all supplies and equipment were furnished
by the military except microsco es
and a limited amount of simi51
air
equipment, which were provided by
the Department of Agriculture.
An advance party of five arrived
in Alaska on May 4, 1947. In all,
21 persons were employed on the
project during 1947, and the number was increased to 40 during 1948.
U.S. Air Force pilots were assigned
a.sneeded, and 19 enlisted men were
attached to the project for varying
periods during t,he summer. In
1949, 10 men carried on the work;
pilots and several enlisted men were
again assigned as needed. In 1950
the party was limited to six men, in
addition to the plane pilots and
four enlisted men.
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The U.S. Public Health Service,
which assigned several men to the
project in 194849, has since maintained a permane<nt staff of three
entomologists on mosquito and
black fly problems in Alaska’.
The personnel carrying on these
investigations from 1947 through
1950 were principally
entomologists, but climatologists, botanists,
an aquat.ic biologist, and an equipment engineer were also included.
The major effort was directed
against mosquitoes, which are the
most widely dispersed and troublesome pests in Alaska, but much time
was also devoted to black flies.
Most of these studies were carried
on in May, June, and July, but during 1948 the work on some phases
was begun in March and continued
through September.
The work on mosquitoes was directed toward determining
what
species were present, which were the
most bmportant as pests, where they
bred, and what could be done t.oward their control. To obtain this
information,
detailed
biological
studies were made of the mosquito
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fauna, reared specimens were collected for taxonomic purposes, and
experiments were conducted on t.he
control of mosquitoes with ground
and aerial equipment.
The effectiveness of standard
repellents
against Alaskan mosquitoes was
also determined.
The effect on mosquito larvae of
DDT
residues, which were left
when larvae
and adults were
spraye,d in previous years, was investigated in 1950. Further investigations
of the effects of the
residues were made by entomologists and other scientists from the
officesof the Quartermaster General
and the Surgeon General, U.S. Depa.rtment of the Army, in 1951.
This group also investigated the effectiveness and acceptability
of
clothing treated with insect repellents and the effectiveness of insecticidal fog-producing equipment.
The relationship of weather to
mosquito
abundance
also
was
studied in alaska by R. I. Sailer
of the U.S. Bureau of Entomology
and Plant Quarantine from 1951 to
1953.

Mosquito Literature
The amoun t of literature on mosquitoes has become exceedingly
large. Each year about a thousand
references to various phases of the
biology_ of mosquitoes and the._d,is_
eases they carry appear in widely
scattered publications.
Probably
no other group of insects has r&ceived so much study throughout
the world.
Some of the publications of especial interest to workers
concerned with the mosquitoes of
Alaska are given at the end of this
handbook.
One of the early comprehensive
books on the mosquitoes of the
Americas was published by Dyar
(27) in 1928. It deals wit.h the distribution, biology, and taxonomy of
-.
.7
..
mosqultoes on these two continents.

Matheson’s handbook (85)) revised in 1944, gives much information on the taxonomy and biology
of the mosquitoes of North America, and it includes a d.iscussion of
their relation to human welfare and
problems of cont.rol.
In 1948 Natvi
(87) published
a.n authoritative Lo k on the biology, dist,ribution, and taxonomy of
the Danish and Fennoscandian mosquitoes. A number of the species
of northern Europe also occur in
Alaska.
In 1949 Bat,es (10) compiled
voluminous
facts on the biology and disease relationships of
mosquitoes.
The taxonomy, biology, distribution, and med,ical importance of
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North American
mosquitoes are
covered in an authoritative book by
Carpenter and LaCasse (18)) which
appeared in 1955.
In
1959 Stone, Knight,
and
Starcke (l&&x) published a, syno#ptic catalog on t,he mosquitoes of the
world.
This is a use,ful source of
information on the synonymy and
the world di&ribution of the species found in ,4la,ska.
A textbook by Herms and Gray
(63) is designed primarily for entomologists, engineers, and staff
employees who are directing the
activities
of mosquito-abatement
districts.
It gives information on
laws and agencies for mosquito
abatement, education of the public,
general principles of abatement

methods and techniques, abatement
of disease vectors, and a host of
related data.
The following periodicals will be
of interest to students of Culicidae:
Mosquito News, published quarterly
by the American Mosquito Control
Association at Albany, N.Y., and
the Proceedings, published each
year by the New Jersey Mosqmto
Extermination Association, the California Mosquito Control Association, the Florida
Anti-Mosquito
Association, and t.he Utah Mosquito
Abatement
Association.
Articles
on mosquitoes also appear in bulletins and reports of the U.S. Public
Health Service and in various entomological, medical, and other scientific Journals throughout the world.

Economic Losses
Mosquit.0 species found in Alaska
are not known to cause disease.
However, the huge numbers (fig. 1)
present in many places and the se-

vere annoyance they cause are Jmportant economic deterrents to the
development and progress of the
State. The efficiency of all human

PN-808
FIGURE

1.-Mosquitoes resting on a man’s back-typical
of the mosquito problem
that in some years may affect much of Alaska during June and July.

;
~
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effort, in any area where large numbers are present is greatly reduced
by the ne’cessity for “fighting them
off” or for using bed nets, head
nets, and other protective clothing.
Losses in weight and milk production of livestock, as well as the ad-

Mosquito-Control
Mosquito-control
operations in
Alaska in recent years have been
carried on almost exclusively by the
military for the protection of their
personnel. However, agricultural
areas and many small centers of
population are not included in these
control operations.
As the State
develops and the popula.tion inc.reases, control agencies to handle such local problems will be
necessary.
Loca.1 mosquito-control agencies
are commonly called mosquit.oabatement districts. Laws have
been enacted to facilitate the organization of such districts.
These
laws vary considerably in the different States, but the most common is
one whereby a district may be organized upon the petition of 5 or
10 percent of the legal voters of the
area a.ffected. After a public hearing, the board of trustees of the
county in which the area is situated
decides whether in the public interest a dist.rict should be formed, and
if it so determines, it fixes the
boundaries of the district. The district is governed by a board of trustees, whose members serve without
pay. The board manages the affairs of the district, employs personnel, and determines the annual
budget. The county board of su-
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verse effect, on wild game, occur
when large numbers of these pests
are present. Alaska
also loses
much of its recreational value beWLEB
of mosquitoes, and consequently the tourist trade is adversely affected.

Organizations
pervisors levies a special tax to raise
the funds required for this budget.
Mos uito-abatement districts in
many 1 tates with different types of
laws or without laws are organized
under county or city supervision or
under the direction of county health
departments (see Herms and Gray

63).
In 1951 there were mosquitocontrol associations in New Jersey,
Virginia,
F 1 o r i d a, California,
Utah,
and Illinois
(Stage 98).
Since then one has been formed in
Oregon and one in the, Northe,ast,ern States. Each of these associ,ations holds annual meetings,
and most of them publish their proceedings, which contain valuable
contributions on mosquito biology
and control.
There is also the American Mosquito Control Association, which is
international in scope and has over
1,200 members. It is a nonprofit
professional association composed
of entomologists, sanit ar-y engineers, control officials, medical personnel, and laymen, who are charged
wit,h or are interested in mosquito
control and related work. Annual
meetings are held in various parts
of the United States, usually conjointly
with those of the State
associations.

Life History
Mosquitoes have diverse breeding
habits, particularly in regard to the
type of place they lay their eggs,
but all have one characteristic in
common-they
live part of their

life in water and water only. It
may be in a small tin can or in a
vast tidal marsh.
Some species may be found in
several kinds of water and others
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only in restricted areas in certain
types of breeding places. For example, Aedes flavescelzs is found
only in unshaded flood plains,
whereas many of the Alaskan Aedes
species are found in a considerable
range of open and semiwooded
breeding places. Some genera such
as Aedes lay their eggs on ground
that may later be flooded, whe.reas
others such as Culex and Cdiseta
lay them directly on the water
surface.
Temperatures of air and water,
alkalinity or acidity of the wat.e,r,
and associated shelter and vegetation affect the abundance and presence of most species. The species
also differ in biting habits, longevity, and flight range.
The mosquito has a complete
metamorphosis.
There
are four
well-d,efined stages-the
egg; the
larva, sometimes called wiggler ; the
pupa, o,r tumbler; and the adult, or
imago.
EGGS
The eggs may be laid singly as
with the anophelines, in rafts as
with Culex and C?uZiseta,or in scattered groups of various numbers as
with Aedes. In very warm weather the eggs of some species rnay
hatch within 2 or 3 days after they
are laid.
However, >n northeA
latitudes the eggs laid by Aedes in
the late summer do not hatch until
flooded the following spring.
If
not flooded the first seisony t.hey
may remain viable for several years
(Giullin e.t al. 58).
There is still
some-question as to whether northern A-edes eggs require a certain
amount of drying and exposure to
cold before thk;y hvatchor,&s we believe, a low oxygen concentration
(Gjullin et al. 51).
A blood meal
is considered necessary for the production of viable eggs, but exceptions have occurred both in the
genus -4edes (Hocking 65) and CuZex (Wray 115).
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LARVAE
All mosquitoes spend their larval
and pupal stages in water, and
most of them move freely about as
aquatic insects. Without
water
these stages cannot survive for more
than a few hours. The larvae of
most species must come to the water surface for air, which they obtain through an air tube or other
appendage located at the end of the
“tail.”
The larvae shed their skins
four
times. The
larval
stage
usually lasts from Q days to 2 weeks,
but, some aedes mosquitoes may remain as larvae for a month or more
when the water temperature is just
above freezing.
The food of mosquito larvae consists of microscopic plants and animals and organic debris. So’me
species prey on the larvae of other
species, and some are cannibalistic.
Barber (9) has reared larvae on
pure cultures of various organisms,
and Hinman
(64) has suggested
that materials in solution or colloidal suspension in the breeding
water form a part of the larval food.
We have reared several species of
14edes and C&ex in the laboratory
on ground dog food and blood albumin and also on yeast and powdered milk.
PUPAE
With the fourth larval molt the
pupal stage appears. The pupae
move about by somersaulting.
Their life is short and active. An
excellent account of the emergence
of an adult mosquito from the pupal
stage is given by Marshall (84).
ADULTS
Only the female mosquito has
mouth parts adapted for bloodsucking. While the insect is biting, it
injects a secretion that causes itching.
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Cu7ex terrifrfrts feeds only on
cold-blooded animals sucll as snakes
and frogs. There are no records of
Culiseta morsitam biting man. All
the other true mosquitoes in Alaska
feed on warm-blo’oded
animals.
Many of these species also feed on
plant nectars.
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The food of male mosquitoes conof nectars and other plant
juices, but not blood. In the laboratory we have kept alive both
sexes of some species for long perisists

ods on raisins,
sugar solutions.

fruit

juices, and

Distribution
Despite the undisputed severity
of the mosquito problem in Alaska,
the problem is not of equal severity
in all localities or in the same locality from one year to another.
Llke all animals and plants, the
distribution of the various mosquito
species over an accessible area is determined by the suitability of the
environment.
Where marked differences of climate and topography
prevail, it is t>o be expected that
some species will thrive in one part
and be reduced in number or entirely absent in another. Knowledge of these factors and how they
function is necessary if the mosquito problem is to be handled intelligently*
In discussing the relative abundance and distribution of mosquitoes in different parts of Alaska,
it is convenient to divide the State
into four zones, which coincide with
biotic provinces or Alaskan extensions of such provinces described by
Dice (~8) in 1943. These zones are
shown in figure 2 and are defined
as follows :
(1) #Man.-This
zone includes that
part of the Pacific mountain region from
Cook Inlet to the southern tip of the
Panhandle.
It
is a narrow
strip of
mountainous coast (fig. 3) with numerous’ adjacent
islands.
The mountains
rise from 5,000 to 9,000 feet.
Great glaciers fall from the mountains and often
debouch directly into the sea. The climate is mild and over most of the Panhandle not greatly different from that of
the Puget Sound area.
Rainfall
is high
with an annual average in the extreme
southeast
of as much as 160 inches.
Sitka spruce and western hemlock predominate in the forests.

The Cook Inlet area is an extension of
the Sitkan zone but is in many respects
intermediate
between that zone and the
Extremes of temperature
are
interior.
more pronounced and annual
rainfall
Black and
rarely
exceeds 20 inches.
white spruce are the principal
forest
trees, but such typical interior plants as
larch and cattails are absent.
The mosquito fauna of the Sitkan zone
is not greatly different from that of the
coast of British
Columbia.
The pest
problem in this zone tends to be local in
High
populations
may be
character.
present on coastal flats and in forested
valleys, but the problem does not differ
greatly from that encountered along the
coasts of M7ashington and British
Columbia.
(2) Aleutian.-This
zone encompasses
that part of southwestern Alaska Beyond
It is a continuation of the
the tree line.
Pacific mountain region and includes the
islands of the Aleutian chain.
Summer
and winter temperatures
are moderate
and annual rainfall is relatively high, but
the almost continuous cold fog and high
winds during the summer prevent the
growth of trees and give to the zone an
aspect similar to that of the arctic coast.
However,
grasses rather
than typical
tundra
vegetation
form the prevailing
ground cover
(fig. 4).
The biota is
reduced and mosquitoes appear to be absent or present in very small numbers
over most of this zone.
(3) Hudson&n.-This
zone comprises
most of interior Alaska.
It is bounded
on the north by the Brooks Range and
on the south by the Coast Ranges.
On
the west it is separated from the Bering
Sea coast by a narrow strip of tundra.
The zone is a continuation of the northern coniferous forest that extends the
full width of Canada and is drained by
the Kuskokwim
and the Yukon Rivers.
The best agricultural
land in Alaska is
found in the Tanana Valley, which is
part of the Yukon watershed.
The climate is dry with extremes of
temperature-a
long cold winter and a
short hot summer.
Temperatures
in the
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PN-809

2.-Biotic provinces of Alaska, adapted from Dice (26), superimposed on
vegetation zones, adapted from a map compiled by Sigafoos (in Hopkins et al.
7’0, p. 186).

FIOURE

PN-9lO

FIQW

3.-Aerial

view of Valdez, showing characteristic topography of the southcentral Alaskan coast.
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PN-811

FIGURE 4.-West

coast of Kiska, showing grasses typical of the Aleutian zone.
(Photograph by Ales Hrdlicka, 1936.)

high 80’s are not uncommon in July, and
during midwinter the minimum readings
may remain between -40” and -60” F.
for several days. The average precipitation is about 12 inches.
In undisturbed areas much of the land
is covered with black spruce bogs, commonly referred to as muskeg. The forests are seldom high or dense, and they
enclose large areas of sedge (Carez) and
grass ( usually Calantagros tis ) meadows,
which are marshy during part of the summer (fig. 5). Drainage is characteristically slow, at least in part because of the
permafrost throughout most of the zone.
Poor drainage and low evaporation during the long winter account for the general prevalence of bogs and swamps.
The mosquito problem reaches its most
serious proportions in this interior zone,
for though mosquitoes may be as numerous on the arctic slope, fewer people are
concerned. In some years troublesome
populations may be hard to find, but during other years a pest population may
cover thousands of square miles.
Following Dice’s (26) definition of a
biotic province, areas above the timber-

line in the Alaska Range, as well as in
the smaller mountain ranges of central
Alaska, are zonal subareas of the Hudsonian zone. So far as mosquitoes are
concerned, it seems best to treat these
tundra inclusions as extensions of the
Eskimoan zone, although there may be
noticeable differences in relative abundance of the species present, as well as a
tendency toward greater diversity of
kinds.
(4) Es&moan.-This zone includes the
area to the north and west of the Hudsonian zone and lies beyond the tree line.
Drainage is to the Arctic Ocean and the
Bering Sea. Extremes of temperature
are not so great as in the interior. The
summers are generally shorter, and cold,
foggy weather is more prevalent. Rainfall is low ; the average for much of this
area is below 10 inches and that at
Point Barrow only a little more than 4.
The nearest approach to trees is
shrubby willows and alders, which in
some favored localities reach a height of
5 to 8 feet. The ground cover consistsof a
thick continuous mat of heath, prostrate
willows, sedges, mosses, lichens, and

10
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grasses. and it is generally referred to
as tundra (figs. 6 and 7). The surface is
rough, spongy, and usually waterlogged.
Frozen soil is seldom more than 8 or 10
inches beneath the surface even in late
summer.

FIGURE 5.-Tanana
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Mosquitoes are perhaps more numerous
than in the forested interior, though fewer species are represented. Year-to-year
fluctuation appears to be less, probably
because even poorer drainage and lower
evaporation tend to minimize yearly dif-

PN--812
Valley near Nenana, showing marsh pools in the center background.

PN-313

FIGURE 6.-Tundra

near Teller, showing lighter areas covered with cottongrass
bloom.
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PN--814
FIGURE

i’.-Tundra

5 miles south of Kotzebue. The alder bushes in the foreground
attain a maximum height of 3 feet.

ferences in rainfall.
The tundra-inhabiting species exhibit greater tolerance
to wind and low temperature than the
mosquitoes of the interior.
Frequently
it is necessary to wear a head net over
a parka in order to work or move about
the country in relative comfort.

These four zones reflect prevailing patterns of climate, which determine the association of species
found t he.re. Since climate is a
measure of average weather conditions taken over a long period of
time, it would be surprising if yearto-year differences in weather did
not have a marked effect on the mosquito po ulation.
Such an effect
has, in ! ac.t, been demonstrated 3
and is discussed below under Abundance.
Maps 1-12 4 show the known distribution in Alaska of the 27 species
that have been collected there. The
records are based on studies that

were obviously concentrated along
the few highways and at localit.ies
easily reached by air or river boat.
These localities are so widely scattered that only the most general inferences may be drawn from the
When these maps are
records.
compared with figure 2, it is apparent that although most, records for
any one species are confined to one
zone, most species have been recorded from two, and some from all
but the ,Meutian zone. In general,
the distribution shows a close relationship to the tree line. Actually
this relationship is closer than indicated by the maps, which are drawn
at too small a scale to show many
islands of tundra that are included
in figure 2 and map 9 as forested,
or to show the sinuous bands of
forest that follow stream courses for
many miles into the typical tundra.

Abundance
Records of mosquito conditions
at Fairbanks for 1929-31 and 194753 show that pest populations of se3Unpublished data of Alaska Insect
Control Project.
* See Appendix, p. 87.

rious proportions were present during 1929, 1948, and 1949. During
the remaining 7 years the mosquito
problem was not, materially different from that to be expected in uncultivated
areas of the Eastern
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United
States. The
Fairbanks
data, supplemented by similar da.ta
covering 1951 and 1953 for the central Slaskan
localities of Fort
Yukon, Nenana, and Tanana, all
show that. each summer of unusual
mosquito abundance has been preceded by a period of above-normal
precipitation.
That this is true is not surprising, for the species of greatest pest
importance are known to develop in
temporary pools formed from melting snow and ice, and water must
remain in these pools for the period
required for mosquito development.
7Jnder the climatic. conditions of
central L41aska, snow ordinarily accumulates from October through
,4pril.
L4t breakup, which usually
occurs during early May, the snow
melts and forms innumerable pools,
the duration of which is determined
by (1) the amount of accumulated
snow, (2) th e moisture content of
the soil at the time of the freezeup,
and (3) the rate of evaporation and
replacement during May and June.
The last factor appears to be the
least important, for May and June
ar0 months of consistently low rainfall and high evaporation.
By
contrast, the first two factors are
extremely variable and may combine to give an exaggerated effect
or tend to cancel each other. Thus,
above-normal snowfall may tha.w at
breakup and be lost in abnormally
dry soil, with the consequence that
fe)w mosquitoes are produced.
Present evidence indicates that
the abundance of mosquitoes is more
uniform from year to year at tundra
localities than in central Alaska.
Umiat is known to have had a severe mosquito problem each summer from 1947 until 1952. Yet
there is ample evidence that pest
popula,tions are not present every
year at all tundra localities, for the
population at Umiat was not troublesome in 1953 and few mosquitoes
were present in 1951 at Teller,
where they were abundant in 1953.
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In addition,
local residents of
Kotzebue, Teller, and Nome have
reported that, although troublesome mosquito populations are present in most years, there are summers
when few mosquitoes are seen.
Presumably the more constant
year-to-year abundance of mosquitoes in the tundra areas of western
and northern ,4laska is the result
of reduced evaporation during the
short cool summers. One effect of
reduced water loss would be the averaging out of unusual departures
from normal precipitation,
and
thereby greater uniformity of conditions favorable to mosquito development n-ould be assured in both
a regional and a year-to-year sense.
PREDICTING

ABUNDANCE

Ability to predict mosquito abundance in advance of adult emergence
has definite and rather obvious advantages. Even a month’s advance
information would permit improved
coordination of control programs
and distribution of supplies to areas
of greatest need. It would also be
advantageous if mosquito conditions could be anticipated before a
work crew or survey party is sent
into a remote area. Sometimes it
might be de.sirable to plan the work
so it lvould not coincide with t.he
season of adult activity, or the work
might be done at an alternative locality where no mosquito problem is
expected that, season.
Present data 5 indicate that reasonably accurate predictions
of
mosquito abundance can be made
for those localities in central and
arctic Alaska where weather records have been maintained long
enough to provide reliable average
S
‘ AILER, R. I., REGNIER, A. V., and McGUIRE, J. U.
USE OF PRECIPITATION DATA
FOR PREDICTING MOSQCITO ABUNDANCE IN
ALASKA. Unpublished
report
of work
conducted with the cooperation
of the
office of the Surgeon General, U.S. Department
of the Army,
and assistance
of the Arctic Institute of North America.
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annual precipitation values. Two
years’ observations at’ three localities in central and two localities in
arctic 141askahave shown that abundance of mosquitoes is correlated
with departure from normal precipitation, and that the best correlation
is found when departure is based
on a 36-month period preceding
May 1 oIf the season for which predictions are to be made.
Presumably the 36-month precipitation interval is necessary in order
to account for soil-moisture condit,ions preceding the last winter’s
snow accumulation.
The greater
effect of precipitation received during the immediately preceding winter and summer on mosquito abundance makes it necessary to divide
the 36 months into summer periods,
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which include the months of May
through September, and winter periods, which include the months of
October through
the following
,4pril.
Weighted values must then
be assigned to departure from normal precipitation for each of the
three summers and three winters.
The scheme of x-eights that provided the best correlation with observed abundance was 3-l-3-1-4-4.
Figure 8 shows the results of the
observations made at the five Alaskan localities during the summers
of 1951
and 1953. The counts
shown were based on the number
of mosquitoes captured in eight HOde.gree sweeps with
a l&inch
Ward’s professional insect net, four
sweeps taken on the lee and four
on the windward side of the ob-

MOSQUITOCOUNTSAS RELATED
TO PRECIPITATION
Economic

Importance:

SLIGHT

60

REGIONAL

LOCALIZED

COUNT

I

c

%

OF

NORMAL

PRECIPITATION

PN--815

S-Regression
of mosquito counts on departure from normal precipitation
for 36 months, computed as six consecutive summer and winter int.ervals, assigned
weights of 3-1-3-14-4.
Vertical
sections labeled slight, localized, and regional
indicate the economic importance of mosquito populations expected to be prevalent
under corresponding ranges of departure from normal precipitation.
Based on
data obtained in 1951 and 1953 at Tanana, Xenana, Fort Yukon, Kotzebue, and
Teller.
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server. The first sweep was made
at the knee and the fourth at shoulder level. Counts were made hourly at a sheltered site and at a site
exposed to the wind.
Each count
was preceded by a &minute period,
during which meteorological obse.rvations were made. This pr0vide.d
a stanclard exposure pesio,d, during
lvhich mosquitoes were attracted to
the observer. At no time was a repellent used.
So far as possible the observation
period at each locality included 24
hours of optimum conditions for
mosquito activity. To minimize the
eflect of transient weather conditions on mosquito1 activity, the 10
highest. counts obtained at each
locality were averaged. On the
chart the average count. for each locality for each year was plotted
against the weighted
departure
from normal precipitation for that
locality and year.
Using the 3-1-3-1-4-4
scheme of
weights, the precipitation
departure equals
3f+le+3&+10+4b+4a
16

where a equals actual departure
from normal precipitation for t’he
immediately preceding winter and
b for the preceding summer. The
remaining
letters represent the
other preceding winter and summelr
data in seasonal sequence to the beginning of the, 36-month precipitation periold.
The regression line shown in figure 8 mas fitted to the data by the
least squares method. The shaded
area on either side of the line represents the calculated g&percent
confidence limits indicated by the
available data. The regression line
becomes straight when placed on a
semilogarithmic scale.
The actual value of this effort to
correlate mosquito abundance with
precipitation will depend on how
accurately the correlation can be
used t.o predict
populations
of
slight, localized, and serious re-
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gional economic importance (fig.
8). The regression indicates t!hat
at a locality where the 36-month
weighted departure is more than
30 perce.nt deficient, men should be
able to live and work in the field
with little prospect of mosquito annoyance. If the departure is between 30 percent deficient and 10
percent excess, complete protection
from mosquitoes will be required
in some localized areas. These
areas will become more numerous
and larger as the departure approaches the upper limit.
Above
10 percent excess the mosquito-infested areas fuse, and an evenly distributed pest population may cover
hundreds of square miles.
Limited experience obtained from
predictions made for several localities in the summer of 1956 suggests
that an early breakup follow-ed by
a prolonged period of a.bove-normal
temperatures may cancel the effect
of excess accumulated precipitation,
with the result that few mosquitoes
are produced at a locality where a
severe outbre.ak would otherwise be
expected. However,
it
se em s
doubtful that a late breakup and
cold spring would result in a serious
mosquito problem where a population of little consequence had been
expected. Data
supporting
this
contention are lacking, but there is
no evidence of a general hatch of
.4edes eggs in pools formed as a
result of spring rains. Furthermore, abnormal rainfall would be
required t.o maintain such pools
long enough for larval development to be completed.
If further
experience confirms these views,
errors in prediction will generally
be in the direction of fewer mosquitoes than expected.
EFFECTS
OF
MOSQUITO

WEATHER
ACTIVITY

ON

Weather is the paramount factor
affecting adult activity, even though
the nort1ie.m mosquitoes are remarkably well ada.pted to their rig-
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orous environment.
Of the various
ele.ments of weather, temperature is
the most important, for during a
period of 24 hours the mosquitoes
are commonly subjected to temperature.s both above and below those
at which flight activity normally
occurs.
With the possible exception of
Culex territans,
all species are
crepuscular ; however, this habit is
modified by light conditions peculPeriods of
iar to high latitudes.
greatest activity tend to coincide
with twilight, the highest peak occurring in the evening and a lower
pea.k in the morning.
In latitudes
north of the Panhandle where there
is no complete darkness during the
mosquito season, the drop in activity between the peaks coincides with
the rapid fall in temperature that
occurs during the short period when
the sun is below the horizon.
Over
much of the area north of the Arctic
Circle the effect of temperature is
even more pronounced, although
the sun does not set..
Durin,g favorable w-eather, mosquito activity on the tundra is more
nearly continuous than in central
Alaska, building up from a low of
near zero between midnight and 2
a.m. to a peak between 8 and 11 p.m.
Periods of calm, cloudy weather
during the day are usually accompanied by increased a c t i v i t y.
However, any prolonged cloudiness
re.sults .m lolwering the temperature, which soon falls below the
threshold of activity.
At Kotzebue and Teller, periods
of intense activity and relative freedom from mosquito annoyance follow a pattern that must be characteristic of the western seacoast.
This pattern is cont,rolled by a
cyclic kind of weather, whereby 2
or 3 warm, fair days are followed
by a week or more of cold, wet,
windy days.
Although the factors affecting the
activity of the adult female mosquito are well established, they
551810 o-61----2
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never function independently, and
thsir effects in combination are
often ve,ry subtle. The factors having the greatest effect are temperature, light, wind, saturation deficiency, lapse rate, and pressure
change.
Temperature.-Pratt
(90) found
in his study near Fairbanks that
most activit.y occurred between 45”
and 80” F., with 60” approximately
opt.imurn. Jachowski and Schultz
(75) reported similar findings for
the arctic species at Umiat. Unpublished data 6 from Kotzebue and
Teller show considerable activity
at, 42” and some at 40”. It is likely
that factors other than temperature
suppress activity above SO”, for at
such times the sun is usually bright,
the saturation deficiency is high,
and a moderate wind may be
blowing.
Light.-Direct
correlations
of
activity with light are difficult,
because other factors such as temperature and saturation deficiency
are closely related to light.
Nevertheless, most workers have been impressed by a. daily rhythm of activity, which may be suppressed or
even displaced by combinations of
adverse or favorable factors other
than light.
If other factors are)
constant, counts on which activity is based average highest at a
light! intensity approaching twilight conditions.
IV&d.--In
central Alaska, mosquito activity subsides abruptly at
wind speeds above 2 miles an hour
and drops to zero at about 5 miles
per hour. At tundra localities the
arctic species are not noticeably affected by wind at speeds below 5
miles per hour, but begin to disappear when the velocity reaches 7
‘
miles per hour. If other conditions
are favorable, a few will persist
even at a velocity of 10 miles per
R
‘ eport by R. I. Sailer,
and J. U. McGuire.

A. V. Regnier,
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hour.
Wind velocities appear to
have an exaggerated effect when
temperatures are near the upper
and lower threshold values. At low
temperatures this effect has been
observed at Kotzebue and Teller,
where considerable activity was observed at 43” to 45” F., but only if
the wind velocity was below 1 mile
per hour.
Hocking et al. (68)
point out that at high temperatures
greater
wind
velocity
increases
evaporation and may affect mosquitoes in the same way as high
saturation deficiencies.
defi&ency.-NumerSaturation
ous attempts, including
that of
Pratt (90)) h ave failed to show a
clear correlation between relative
humidity
and mosquito activity.
Yet all who have observed mosquitoes in the field agree that moisture
must play an important role. This
discrepancy is easily explained_, for
relative humidity is not a reliable
measure of the capacity of air to
hold moisture. When Hocking et
al. (68) converted their humidity
data to saturation-deficiency values,
they were able to demonstrate a correlation with activity.
However,
the effect appeared to be delayed,
with attack figures rising shortly
after a fall in saturation deficiency
and falling shortly after a rise.
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Lapse rate.-Lapse
rate is a measure of rate of temperature change
from the ground level up. Pratt
(410) found that mosquito activity
was greatest during inversion conditions when the surface temperature was below 45” F. at the 3-foot
level. With more extreme inversion
conditions when the temperature at!
5 feet was below 45” and warmer
temperatures were above head level,
no mosquitoes were found at bo$y
level, but they were seen flying 111
the warmer air overhead.
Pressure change.-Haufe
(61) in
laboratory experiments with Aedes
aegypti (L.) found changes in atmospheric pressure to be an important factor in determining flight
activity, provided the mosquitoes
were first. acclimated for 3 to 8
hours to a particular level. When
the pressure was above 735
‘
mm., decreasing the pressure was more
stimulating to flight than increasing the pressure ; whereas when it
was below 735 mm., the opposite
was obtained. Although field data
concerning the northern species of
Aedes are still lacking, failure to
consider pressure change as a factor may explain some discrepancies
in past attempts to correlate mosquito activity with meteorological
data.

Biology
LARVAL

HABITATS

When compared with the more
temperate
parts of the world,
Alaska has noticeably fewer kinds
of habitats in which mosquito larvae can live. Tree holes are an example of a missing habitat.
No
doubt such water-containing
cavities exist in southeastern Alaska,
but over the rest, of the State they
are absent either because the trees
are small or because of frost action.
With the exception of Czdiiseta, no
species are known to breed in artificial cant ainers.

The one-generation habit is common to all species, though at Anchorage a small second hatch of
several species of Aedes has been
after
observed during
August
heavy summer rains. The species
of greatest pest significance hatch
within a few days after the spring
breakup, or as soon as the snow or
ice has thawed f,rom the bottom of
the pools. Most of the pools are
temporary and originate from melting snow.
A practical system of classifying
larval habitats is one based on t.he
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degree of pool permanency, for to a
great extent this factor determines
other pool characteristics such as
vegetation type, as well as presence
and abundance of predators. Pool
types may be characterized as temporary, semipermanent, and permanent.
Temporary.-These
pools
of
snowmelt origin normally are dry 4
to 5 weeks after the spring breakup
(figs. 9 and 10). They are found
in widely different locations and
support a variety of emergent and
covering vegetation. The most, important pools to the mosquito roblem are those in Carex or Ga Pamagrostis marshes and in Sphagnumheath bogs. The marshes are shallow and vary in size from a few
square yards to many acres. In central Alaska they are interspersed
throughout the spruce and birch
forests of lowland or level country.
The flats along the southern coast
include large areas that are covered with Myricu-Carex
marshes.
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Sphagnzcm-heath bogs commonly
support stands of scrubby black
spruce and form the muskeg so characteristic of the subarctic region.
Except for deep potholes or Ijonds,
both marshes and muskeg are
largely dry during the last part of
the summer.
Few predators are found in
temporary pools.
Semipermanent.-These
pools or
ponds that are formed from snowmelt are maintained to some extent
by seepage or a high water table.
In normal years the pools are dry
for at least a short period during
July or August.
Carex rostrata,
Potentilla pa&u&is, and Epuisetum
fluviatile are among the plants most
often associated with pools of this
kind (fig. 11). On the tid.al flats
(fig. 12) Triglochin maritima and
Scirpus pa7udosus are indicative of
the semipermanent condition (fig.
13). Such habitats are numerous in
river valleys where there are many
oxbow lakes.

PN-816
FIGURE 9.-Temporary pools in Myrica-CaZamagrostis marsh near Fairbanks, where
Aedes in.tmdens, co?umztnis,and punctor were collected.

~
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PN--817

FIGURE lO.--Temporary

pools hidden

in CaZamagrostis

marsh

near

Anchorage.

PN-818

11 .-Semipermanent.

pool near
fit&ii
larvae

Anchorage, where
were numerous.

exwueians
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Predators are prevalent in semipermane.nt pools. Chaoborids, dytiscids, and CaZZicorixa (Corixldae)
are often present in numbers suficient to greatly reduce the popuIation of mosquito larvae.

FIGURE 12.-Eagle
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ponds and
Permanent. -These
lakes
normally
contain
water
through the summer (figs. I+, 15).
Lemna? Ranunculus, and Z;tricw
Znriu are common, and Carex apuatilis often forms an emergent cover.

River Flats, a tidal marsh near Anchorage.

PN--820

FIGURE13.-Semipermanent pools on Eagle River Flats near Anchorage, where Aedes
flavescens larvae were found. These pools were seldom more than 2 inches deep
and nearly continuous over the marsh.
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PN-821

FIGURE

14.-Permanent

pond near Fairbanks.
Culiseta
alaskaensis
excrucians are the predominant
species.

and

Aedes

PN-822

FIGURE EL-Permanent

pond

near Anchorage.
Clllex territans.

Habitat

of Anopheles

earlei

and
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Predators are abundant.
Odonata naiads and dytiscid larvae and
adults are always present in large
numbers.
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on the number of times species were
collected from one or more of the
pool types and on their relative
abundance.
Such an arrangement, based as it
is on relative permanency of the
pools, is unsatisfactory in several
Ito Tt -nnlPl
hn nl\cc;hlo
clnrl
sometimes desirable. toestablish additional divisions b
‘ ased on such
factors as shade, presence or absence
of vegetation, and kind of emergent
or covering vegetation.
There is
also a marked tendency for species

Habitat Preferences and Relative Economic Importance of
Species
From data obtained in 1948 bv
the Alaska Insect Prolject, the speties have been tabulated accordmg
to the kinds of pools utilized as larval habitats.
The
percentages
shown in table 1 are estimates based

TABLE L-Species

of mosquitoes arranged according to kinds of habitats
from which larvae have been coiYected in central and arctic Alaska and
their relative economic importance
Percentage of species collected in
different kinds of pools

Relative economic importance l

Species
Temporary

semipermanent

Permanent

Central
Alaska

Arctic
Alaska

__
Aedes intrudens_________
canadensis2_________
implicatus__________
communis__________
punctor_____________
hexodontus- _ _ _ _ _ _ _ _ _
impiger____________
diantaeus- _ _ _ _ _ _ _ _ _ _
cataphylla 2_________
pionips_____________
nigripes 2__________
pullatus 2___________
cinereus____________
stimulans___________
$avescens___________
riparius 2___________
excrucians__________
$tchii______,_______
aboriginisz____,____
decticus____________
Culiseta alaskaensis_ _ _ _ _ _
impatiens___________
incidens 2___________
morsitans___,_______
particeps 2_ _ ________
Culex territans___________
Anopheles earlei- _ _ _ _ _ _ _ _

100
+

-------__+

___---__--__-_-__--

20

4

;:
70

%I

;

::
50

::
50

_____--___

60

___--_----

+

.:
6

+
40

:
30
.--_-----_
-_--_____
_-___---_
---__-_-----___-_______-_
.__- -_-_-_
.-_-- ___-.__----___

__- _- ____
_-____--_
._____---_
_____-_-_
--__----_

:
70
100
100

--________

2
20
---____

+
30
_--___---E

4
__-__-__-_
___-____-____---_______--_-_
-__----____________
____--___-__---__-___---__-______-__________-_---_-______-_-____
__________
_-____-_-_
___---_---

* 1, Widely distributed, a pest species during years of unusually high abundance; 2,
widely distributed,
locally troublesome, especially during years of low abundance;
3, restricted distribution,
but abundant under certain ecological conditions; 4, widely
distributed, but not in large numbers; 5, widely distributed, but not known to bite man;
6, rare species.
2 Data absent or too scanty to generalize.
Plus marks indicate that the species has
been collected in a particular pool type.
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that commonly develop in temporary pools in central Alaska to utilize semipermanent pools in areas
beyond the tree line. The explanation of this phenomenon may be
concerned with the relative scarcity
of predators in the tundra pools.
A well-marked succession of species based on the time of peak emergence generally follows the order in
which they are listed in table 1,
beginning vvith those that develop
entirely or mainly in temporary
pools and ending vvith those that
utilize semipermanent or permanent
pools as larval habitats. The time
during vvhich emergence of a species may occur becomes shorter toward the north or in any direction
toward the tree line, and species
succession is more clear cut. The
Czclisetn species, as well as Anophelea endei and Culex territnm,
which are at or near the end of the
succession, all orerwinter as adults.

Water Temperature
Habitats

of Larval

Hatching of mosquito eggs, at
least of those species developing in
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temporary pools, occurs as soon as
the ice over the bottom of the pools
melts. In sl~allow pools and in the
presence of bright sunlight this may
happen before the air temperature
has reached or passed 32” F. Subsequent, to thawing, the pools often
freeze solid without injury to the
newly hatched wigglers.
It is a common conception that if
ice is present in a small pool, the
water temperature cannot, exceed
39.2” F.
If this were true, some
species of mosquitoes would complete most of their development at
temperatures
of less than 40’.
Through detailed studies of vertical
and horizontal temperature gradients, Pratt (90) was able to show
that development actually occurs at
a much higher temperature.
As
illustrated
in figure 16, marked
temperature gradients exist within
a pool during periods of sunlight,
and water in-one part of this pool
may be well aboveL500 even though
ice is present. Larvae were always
found congregated in the warmest
water.
No larvae were found in
deep pot,hole pools in which the
water never exceeded 40”.

PN-323

FIGURE X-Diagram
of a pool in which mosquito larvae are developing, showing
temperature
gradients during a warm, sunny day when ice is still in the pool.
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HABITS

Most discussions of mosquito
feeding habits are concerned with
the bloodsucking activities of the
females. Actually,
plant
juices
and nectars must form a prepondera.nce of the food consumed by
mosquitoes. Males are restricted to
such foods, and females apparently
seek blood meals only as a source of
nitrogen needed for egg production.
Hocking et al. (68) presented
evidence that feeding on nectar is
a universal habit among females of
the arctic and subarctic species at
Churchill, hlanitoba.
The tremendous number of mosquitoes in many
arctic or subarctic areas in c,ontrast
to tlhe negligible population of vertebrates has roused speculation tIllat
these species may not require a
blood meal in order to produce eggs.
Beckel (12) obtained laboratory
evidence that Aedes communis females were able to produce viable
eggs whe,n fed only on sucrose
or raisins. Furthermore,
Beckel
could not induce communis females
from the Churchill area to take a
blood mea,1 in the laboratory, nor
were positively identified females
observed to take blood meals in the
field. Neither did he find evidence
of flight-muscle autolysis such as
Hocking (67) f ound in specimens
of morphologically
similar communis. In any event, there is clear
evidence that at least some of the
arctic Aedes species do not require
blood for egg production.
Undoubtedly the smaller vertebrates
such as birds and their nestlings, as
well as field mice and lemmings,
form a larger source of blood than
might be suspected. In a population like that studied by Hocking,
resort to muscle autolysis as a source
of nitrogen may be a secondary response that occurs only after the
females have failed to obtain a
blood meal within a prescribed
time.
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Females of Czclex territans and
Culketa mowitans are not known
to bite man or other warm-blooded
animals. C. term’tans is known to
feed on frogs.
Considerable research has been
done recently on factors that attract
female mosquitoes to a host. Hocking (66) has provided a summary
and bibliography
covering this
work.
Evidence
indicates that
temperature, moisture, and carbon
dioxide are the principal attractants for the northern mosquitoes.
iis would be expected, these factors
are most effective when functioning
Light colors have
in combination.
been found to be less attract.ive
than dark colors to some species,
but this order of preference is reversed for others.
LONGEVITY
The adult life span of the northern Sedes species is probably not
more than 8 weeks in central Alaska
and considerably shorter beyond the
tree line. Very likely the longevity
varies from year to year because of
different weather conditions. The
bloodsucking activity of the females
serves as a partial clue to longevity.
In the Fairbanks area pest populations subside rather abruptly about
a month to 6 weeks after peak adult
emergence.
In those species of Anopheles,
CWex, and Culiseta where the
ferna1e.soverwinter, it is likely that
many individuals have an adult life
of at least a year. However, the
males live only until cold weather.
FLIGHT

RANGE

There is little information on the
flight range of mosquitoes in Alaska. A large-scale test to control
mosquito larvae near Fairbanks
(Travis et al. 104) showed that
adult mosquitoes penetrated to the
center of a lOO-square-mile area, in
which all larvae had been killed,
within
3 days after they had
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emerged in adjacent
untreated
areas. However, when the same
area was sprayed to cosntrol adults,
infiltration was sufficient to require
another treatment in about 2 weeks.
If such movement is typical of
untreated
areas and continuous
through a 6-week period of activity,
such a population might disperse
a distance of 25 to 50 miles.
Several
factors
undoubtedly
affect the movement of mosquitoes.
One of the most important is the
habits of the different
species.
Such a species as Aedes cinereus is
seldom found except in vegetation
near its breeding place. In the
only large-scale study undertaken
on the dispersal of a subarctic
species, Jenkins and Hassett (77)
released 3 million radioactive adults
of Aedes communis.
During the
first week no specimens were taken
more than 600 feet from the point
of release, and after a month only
one had been recovered from as far
as 5,000 feet.
The tundra is characterized by a
comparative absence of barriers to
free movement. This factor, combined with the ability of Aedes
hexodontw and nigr&es to fly in
wind moving at a velocity twice
that tolerated by woodland species,
provides ample reason to expect the
flight range of these arctic mosquitoes to exceed that of any species
found in central Alaska.
The widely held view of local
residents
that
mosquitoes
are
carried great distances by the wind
has never been confirmed. On the
contrary, mosquito activity has been
repeatedly observed to cease whenever the wind velocity exceeds the
flying speed of the mosquitoes.
Flight activity of the kind that
would promote dispersal has been
observed 7 at times when the wind
velocity was about 1 mile an hour
and when a pronounced temperature inversion caused the air temS
‘ ee

footnote

3, p. 11.
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perature near the ground to be
below that at which mosquitoes are
normally active while the air at
treetop level was still warm.
The periods of most intense mosquito activity were found by Pratt
(90) to coincide with times when
moderate inversion conditions were
present. If dispersal activity is
correlated with inversion conditions, it should be possible to predict
the principal
direction of such
movements in a given area, for air
movement at such times usually follows a drainage pattern determined
by the topography.
MATING
Except for the dissenting views of
Nielsen and Greve (88)) authorities generally agree that matin in
mosquitoes is almost invaria % ly
associated with the swarming habit
of the males. Although this habit
appears to be common to all the
Alaskan species, observations by
Frohne and Frohne (39, &) and
others show that the time and place
of swarming may depend on the
species.
The Frohnes observed swarms of
Aedes punctor containing hundreds
or even thousands of males and
noted that matings in a swarm
occurred at rates of 1 to 10 per
minute and rarely as high as 150
per minute. They also reported
watching swarms of Aedes communis between 8 and 9 p.m. on June
16, 19, 20, and 21. The swarms
occupied the same site about 8 to 10
feet above the ground, in what was
described as a “glade recess.” On
June 20 at 9 :30 after commzclzis
ceased swarming, they saw a swarm
of Aedes excrucians form at the
same site, but the focus of this
swarm was 10 to 20 feet above the
ground.
All Alaskan species for which
records are available swarm in the
evening except C;uZex territans.
It
was observed by the Frohnes to
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swarm between 3 :3O and 4 :45 p.m. ;
however, they saw no mating.
OVIPOSITION
Of the various biological aspects
of Alaskan mosquitoes, perhaps
least is known of their oviposition
habits. It is known that the Aedes
species lay their eggs in moist depressions, which are subject to flooding at the time of the spring breakup. Eggs of the Anopheles species
are laid on the surface of the water,
and eggs from each deposition tend
to clump together. The Cu7ex and
Cd&eta species deposit rafts of
eggs. Frohne (34) has shown that
Culiseta alaskaen& and impatiens
females are rather discriminating in
their selection of oviposition sites,
alaskaen& selecting small pockets
in emergent clumps of dead Carex
and impatiens ovipositing on open
water devoid of emergent vegetation. Very likely the Aedes species
are also able to detect and lay their
eggs at sites suitable for the larval
development of their particular
species.
Eggs of some northern A&&s
species remain viable (Gjullin and
Yates 57) for several years. Water
having a low oxygen content is
important as a hatching stimulus
for eggs of these species (Gjullin
et al. 51).
Additional factors must
also play a part, since not all eggs
hatch even though they are sub-
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jetted to apparently
conditions.

identical field

HIBERNATION
According to Bates (IO), there
are four types of sea.son cycles
found among the life histories of
mosquitoes. One of these types includes all the Alaskan species of
LdedeSand is referred to as the A.
cinereus type of cycle, in which
there is but one generation a year
and hibernation is in the egg stage.
With one possible exception, the
remaining Ahaskan species-those
belonging to Anopheles, Gulex, and
C&i-ye&-belong
to a fifth type of
cycle recently described by Frohne
(34) and referred to as the Cd&eta
impatien.9 type. In this cycle fertilized females overwinter and there
is but one generation a year.
CuZi.veta morsitans may overwinter in the la.rval stage and would
thus fall in the AnopheZes clauige~
type of cycle described by Bates.
The type of seasoncycle must have
an importrant bearing on the distribution of mosquitoes in Alaska,
for those species belonging to t,he
C. im.pn.fie?7.9
type are rarely found
beyond the tree line, except in
mounta,inous areas where the tree
line is determined
by altitude.
Proba.bly these species require the
sheltered habitats associated with
trees as hibernating quarters for the
adult. females.

Surveys of the Mosquito Problem
Adequate mosquito surveys and
engineering surveys must be made
if cont.rol measures are to give satisfactory results quickly and economically.
Such ,surveys are often
initiated by a few interested individua,ls who wish to learn whether
their local mosquito problem can be
alleviated or eliminated.
If control appears to be feasible, then
community action is usually required in order to make la,rrange-

ments for operat.ing funds and
proper execution of the control
program.
MOSQUITO

SURVEYS

Bfosquito surveys must, be made
by competent entomologist<s. The
entomologist must determine what
species are present and learn as
much as possible about their biology
and their environment.. He should
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establish which species contribute
to the problem and which are uncommon or do not bite man and his
domestic animals. Surveys should
extend some distance beyond the
boundaries of the community for
which a. control program is being
planned, for some species are known
to disperse several miles. Under
Alaskan conditions surveys need not
be concerned with potential disease
vectors but should concentrate on
the few aggressive and abundant
species.
In order to study biting habits
and flight activity, the entomologist
must be able to identify the adult
mosquitoes and also the larvae, so
as to associla,tet,hem with the type
of water or breeding area in which
they occur. The larvae of some
species live almost exclusively in
permanent water and others only
m temporary water; some prefer
shaded pools and others only pools
well exposed to the sun; some are
found in polluted water or water
with a large amount of decaying organic mat,ter and others only in
clear unpo811utedwater.
Unfortunately one entire mosquito season is not adequate for a complete entomological survey, as the
species composition and abundance
considerably from year to
may va
year. 37everal years are often required before the entomological
data are reliable.
Fairly effective
control operations can be started
before the surveys are completed,
but without reliable data, control
may be erratic and result in the loss
of public confidence.
Mosquito surveys may provide
additional information of value to
the control director.
It is rather
common for critics to maintain that
control procedures are ineffective.
If some reliable figures are available
on the control of species and population densities, these can be used
as proof of results. There is also
a need for standard methods of
observations, so that comparisons
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can be made of progress over the
years in each community.
Mosquito surveys normally include the collection and identification of both adults and larvae.
In
some areas outside Alaska useful
informa,tion has also been obta.ined
from egg surveys.
A&& szcrueys.-Several methods
have been used to collect adult mosquitoes, but usually they include
various types of hand and trap
collections.
Hand collections of biting mosquitoes provide the simplest and
most direct method of determining
which are the troublesome species
and the relative abundance of each.
Such collections are usually made
with a killing bottle.
The most useful procedure for
making hand collections in Alaska
is to select representative locations
in the community where daily,
weekly, or biweekly collections can
be mad.e throughout the season.
A normal procedure is to stand or
sit for 1 or 2 minutes at each location and collect mosquitoes as they
alight to bite. Some standard collection time should be used, so that
all data can be comparable. If mosquitoes are not too abundant, one
person can collect in a killing bottle
all those that land on the front of
If two people are
his trousers.
working together, one can collect
the mosquitoes alighting
on the
back of his companion.
When two or more persons are
to make collections at different
places, they should make some preliminary collections at one place to
determine the relative att,ractiveness and dexterity of the different
collectors.
Care must be taken in selecting
the collection locations, as some
species bite more freely in the
bright sunlight and some in the
shade, and many species bite more
readily at dusk. The numbers will,
of course, vary with the weather
conditions.
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A common hand-collecting method in some areas is to catch the mosquitoes in their daytime resting
laces, such as dark corners of
%uildmgs, under structures, in hollow trees, or in prepared resting
places such as barrels and boxes.
In Alaska the resting-place collections are not very useful.
Traps furnish data with the least
personal bias, and some types of
traps are more likely to capture
rare species and males than are
taken by hand collections. Traps
are not known to be of any value
for control. They serve only as
a. sampling device.
Severa. types of traps have been
used. One of the most common is
It hlas
the New Jersey light trap.
a light to attract the mosquitoes
and an electric fan to suck them into a cyanide jar, where they are
killed, or into a large cage if live
mosquitoes are desired. Such a
trap may be useful in southern
Alaska, but it is of little value in
the northern areas, since the nights
These traps have the
are not dark.
additional disadvantage of capturing many other insects.
In tropical areas it is rather common to use traps baited with some
animal such as a horse or a mule.
Such traps have not been used in
Alaska, but it is thought that they
would be of little value.
A mechanical rotary trap has
been used in Alaska with some success (Chamberlin
and Lawson 19
and Stage and Chamberlin
99).
It can be operated by a gasoline
motor and therefore does not deend on electricity or darkness.
E ince it catches all insects th,at fly
within
its collecting range, the
exact number of insects per cubic
foot of atmosphere per time unit
can be determined.
Another mechanical trap used in Alaska is
made by fastening a screen-wire
cone on the fender of an sautomobile. With such a trap one can
take continuous samples of mos-
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quito populations while traveling
down a road. Both of these mechanical traps have the disadvantage of damaging the specimens so
that identification may be impossible. It may be possible to determine total mosquito counts but not
the species.
In areas where mosquitoes swarm
about people or domestic animals
as they do in Alaska, it is possible
to obtain a good population count
by making a uniform number of
swings with an insect net. For
instance, if a net is swung back
and forth quickly over a uniform
distance and a uniform number of
times, the number caught in each
collection can be used as a population index figure (fig. 17).
A trap that is useful to check
on the total number of mosquitoes
emerging from a given location and
on the species can be made by
placing a cage covered with screen
wire or mosquito netting in each of
several breeding locations to capture the adults as they emerge.

PN-824

FIGURE 17.-Sweepnet
method of obtaining a population count, showing
the first of eight X30-degree sweeps
taken from knee to shoulder height.
Four sweeps are made on each side
of the observer.
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Such a trap gave useful information in Alaska.
Larval slcrueys.-The traditional
way of making a mosquito survey is
to locate the larvae by sampling
various water accumulations with a
white enamel dipper
(fig. 18).
Some workers prefer to insert a 2or S-foot-long stick in the handle.
Considerable skill is required in the
use of a dipper.
Some larvae, especially the Anopheles, may be collected best by skimming the water
surface, whereas other larvae may
be more easily captured by submerging the -dipper deeply and
A little experience is
quickly.
necessary before one can dip successful $.
It is common. fir one
person to collect rather consistently
more than twice as many larvae is
another. With a little effort and
experience, workers can be trained
to-obtain rather uniform numbers
with their dips. Ordinarily larval
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populations are expressed as the
number of larvae per dip or, if the
larvae are not numerous, the number per 10 dips.
Larval surveys serve to determine
not only the species present but,
even more important, the comparative abundance in the various water
They are used to
accumulations.
show which areas should be treated
with larvicides and which areas
have no larvae or too few to justify
the expense.
In larval surveys, records must be
kept of the types of water in which
the larvae are found.
In Slaska
Anopheles, Cdex, and CuZiseta are
typically associated with permanent
water, whereas most of the Aedes
are typically associated with temporary water.
The timing of the larval surveys
For inis extremely important.
stance, nearly all the Alaskan Aedes
eggs hatch as soon as the snow and

PN--825

Fraua~ l&-Using
a dipper to collect mosquito larvae in a semipermanent pool near
Anchorage. Aedes cwnmu?& and punctor larvae developed in marginal areas.
Large numbers of CuZiseta impatiens and alaskaen&
emerged later from pools
where water remained longest.
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ice start to thaw in the spring, and
in central Alaska nearly all larvae
have matured by the first week in
June. Surveys made after the first
of June may show very few larvae
present, and these are more apt to
be the less numerous Anopheles,
Culex, or Cui%eta.
Egg surseys.-Although
no egg
surveys have been made in Alaska,
several methods have been used to
study the dist,ribution of mosquito
eggs in other areas.
The different egg-laying habits
necessitate different types of survey
Anopheles, Cdex, and
methods.
Cdiseta
egg surveys have been
made by skimming the water with
fine strainers such as bolting cloth
or by straining
water through
folded cheesecloth. The Culex and
Culiseta egg rafts can be seen float
ing on the water. Aedes egg surveys have been made by sampling
the soil where the eggs are laid.
Three types of mechanical devices have been used to sample
Aedes mosquito eggs. One method
uses a modified vacuum cleaner
(Husbands 72) to pick up the eggs.
The soil and debris are then removed with screens and the remaining soil is examined for eggs under
a microscope. The other two methods employ a modified grain cleaner
(Gjullin 49) or a series of three
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concentric screen cylinders in a water bath (Horsfall
71) to remove
the bulk of the soil from hand-collected samples.
A simple method to sample Aedes
mosquito eggs is to take soil samples
to the laboratory and flood them
with water. As many eggs may
have a resting state known as diapause, they may not hatch well except in the spring.
ENGINEERING

SURVEYS

Engineering surveys are most effectively made after the entomological information has been assembled,
or they may oft‘en be made concurrently.
The purpose of these surveys is to ascertain from the critical
topographical features of the mosquito-producing areas n-hether control can include such permanent
measures as water removal through
drainage or fills or whether temporary control with insecticides is the
only indicated method. The engineering survey must determine the
extent and nature of the water
accumulations
and whether the
water is permanent or temporary.
It can be made by a sanitary engineer or a mosquito-abatement engineer in cooperation with an entomologist, or by an entomologist who
is familiar
with the engineering
aspects of mosquito control.

Methods of Mosquito Control
Mosquito control in the arctic and
subarctic regions received almost no
attention prior to 1940. Although
the tremendous populations of mosquitoes were known to those who
lived or worked in Alaska, it was
not until 1947 that comprehensive
studies were started by civilian and
military organizations to appraise
the problems and to investigate the
practicability
of controlling these
pests.
As mosquitoes can fly several
miles from their breeding places

(15? IOO), there is often little that
an individual can do to obtain adequate control. The most satisfactory program is provided when
entire communities coordinate their
efforts.
Since the midforties, when the
organic insecticides first came into
general use, mosquito control has
become more and more complicated
but at the same time more effective.
Now, if control with insecticides is
indicated, one must decide which of
several insecticides, which formula-
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tions, and which of the many complicated pieces of equipment to use
(207).
A complete program for mosquito
control today is directed not only
against the larvae but also against
the adults in and around buildings
and in large areas. RTosatisfactory
methods have been developed to control mosquitoes in the egg or pupal
stage.
CONTROL

OF LARVAE

Mosquitoes can usually be controlled most easily and cheaply
while they are in the larval stage.
Two methods have proved usefulenvironmental
control, which is
more permanent, and control with
insecticides, which is temporary

(4).
Environmental

Control

Wherever possible, the water in
which mosquito larvae are found
should be eliminated by drainage,
fills, and manipulation
of water
levels (63). Drainage and fills are
undoubtedly the most certain methods of eliminating mosquitoes, but
the costs of such operations are
Although
these methods
high.
have been used successfully in many
temperate and tropical areas, prospects for general use in Alaska are
not promis+g.
The usually large
and inaccessible breeding areas, t.he
permafrost, and the high water
tables characteristic of much of the
region impose severe limitations on
control by drainage.
The use of
fills is even less practical.
Where
fills are made, care should be taken
that they do not interfere with natural drainage, and all borrow pit,s
should be opened to the natural
drains. Drainage
and fills are
likely to be of use only in or near
well-populated communities.
Drainage is accomplished by digging a series of ditches to remove
the water from locations where
mosquito larvae are found.
For
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this method to be effective, the
water level of the breeding area
must be higher than the natural
drainage systems, such as streams,
lakes, and the sea. If the breeding
area IS high enough, the ditches will
either keep the land free of water
or else carry any larvae into the
natural
draina.ge systems.
In
many communities road fills have
blocked natural drainage, and in
such locations large numbers of
mosquitoes may be produced. The
proper use of drainage culverts
will correct the roadside water
a,ccumulations.
To be effective, ditching systems
must be kept under annual surveillance and must be maint,ained.
Some ditches will need cleaning
every year or so, lest they become
clogged and cause flooding that may
produce more mosquitoes than in
the unaltered breeding areas.
Mosquito control by manipulating water levels has proved satisfactory in many areas and may be
of value in special locations in
Alaska.
A typical procedure is to
construct dams across t,he outlets of
lakes and ponds to hold the water
level constantly high and thereby
limit the area of marshland on
which eggs may be deposited.
Ditches may be dug along the impoundment margins parallel to the
elevat,ion contours to receive seepage and other water accumulations,
which should then be drained into
the main impoundment by way of
secondary ditches. This method is
most effective if the margins of the
impounded area are steep, so that
there is a minimum of shallow
water, and also if they are free of
vegetation.
An import.ant aid to the control
of mosquito larvae in impounded
waters, such as t,he TVA
water
systems, has been the removal of
submerged vegetation along the
shore as well as within the main
water area. Mosquito larvae do
not survive long in open water that
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is deep, free of vegetation, and
subject to considerable wave action.

Control With Insecticides
Where it is not feasible to eliminate mosquito-breeding places, the
larvae may be controlled with insecticides. Although this method
is only temporary, it has a more
lasting effect in Alaska than in
many areas. In warmer climates
there may be several broods each
season, each of which would require
treatment. In Alaska the principal
problem is created by the Aedes
mosquitoes. Since there is only one
brood each year, a single well-timed
application will eliminate most of
the larvae for an entire season (29,
42, 75, 76).
Two methods of applying insecticides have proved satisfactory
in Alaska.
They may be applied
either to the water for direct control of the larvae or to the soil or
snow as a prehatching or preflood
treatment before the eggs hatch.
Hand sprayers of the Flit-gun
type are satisfactory for spraying
small puddles. Areas of an acre or
more can be treated with a 3- to 4gallon compressed-air or knapsack
areas can be
Larger
sprayer.
sprayed by aircraft (3,73).
Application
to zoater.-Fuel
oil
No. 2 and diesel oil have been
widely used to control mosquito
larvae and are still used under some
conditions. From 15 to 50 gallons
per acre usually gives good results
when sprayed on the water.
As
little as 6 gallons per acre has been
effective when 3 to 5 percent of a
spreading agent has been added.
Three satisfactory spreading agents
are sulfonated sperm oil (Nopco
1216)) a phthalic glyceryl alkyl
resin (Triton B-1956)) and an 1%
amine
complex
carbon-chain
(Amine 230X) (82).
The pyrethrum larvicides developed in New Jersey have been successfully used in many regions, par-
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titularly in garden pools containing
valuable aquatic plants or fish (48).
However, the cost is too high to recommend them for use in the extensive mosquito-producing areas of
Rotenone and creosote
*4laska.
have received some publicity from
time to time, but it was not until
DDT became available that control
with insecticides became really feasible. Since then several other insecticides have been developed.
The most practical ones from the
standpoint of effectiveness and cost
are TDE,
BHC,
lindane, toxaphene, hept achlor? dieldrin, malathion, and parathion.
With these,
satisfactory control can be obtained
with strikingly small dosages, from
0.075 to 0.4 pound per acre, depending on the insecticide (50, 56).
An oil solution is one of the most
practical
formulations
of DDT
(103,10.$).
Concentrations of I to
5 percent of DDT in fuel oil No. 2,
diesel oil, or kerosene are the most
widely used for ground equipment,
and 20 to 25 percent prepared with
auxiliary solvents for air spraying.
A goocl auxiliary solvent for a 20percent DDT solution is a methylated naphthalene such as Velsicol
NR-70, Solvesso No. 3, or Shell 42.
The addition of 0.25 to 0.5 percent
of Triton B-1956 increases their effectiveness. Emulsions are also satisfactory, but they are not recommended where fish and wildlife
would be affected. Several emulsifiable formulations are available.
A typical one contains 25 percent of
DDT, 65 percent of xylene or other
solvent, and 10 percent of Triton
X-100 or other emulsifier.
The
dosage for the immediate control of
larvae in Alaska is 0.05 to 0.1 pound
of DDT per acre (103,104).
TDE, which has a low toxicity to
fish, is useful in waters where fish
are present. It may be used in the
same formulations and applied a,t
the samme
rates as DDT.
BHC and lindane usually give results a,bout equal to DDT, but oil
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solutions are difficult to prepare and
these insecticides are not particularly useful in Alaska.
The dosage
should not be more than 0.05 to 0.1
pound of the gamma isomer per
acre, owing to the toxicity of these
insecticides to fish.
Toxaphene can be used either in
oil solution, as described for DDT,
or in emulsion. The dosage should
be 0.2 to 0.4 pound per acre. In
Alaska toxaphene has not given results equal to DDT, and it is much
more toxic to fish. Heptachlor has
not been tested in Alaska but was
effective in Utah when applied in
emulsion at 0.05 pound per acre
(60).
Dieldrin has been used at
about 0.1 pound per acre in oil solution and emulsion. Toxaphene,
dieldrin, and heptachlor are two to
four times as toxic as DDT to mammals and should be handled accordingly.
Use of most of the organic
phosphorus compounds must be
supervised carefully, as several of
them are toxic to man and animals.
They should not be used for routine
control unless resistance to DDT
and the other common insecticides
has been confirmed.
Malathion,
one of the least toxic of these materials, is being used in California
(%?,56, I&?) at 0.4 to 0.5 pound per
acre. Parathion is likewise being
used in California and Utah (102))
but special care must be taken in
handling this material and it must
not be applied over inhabited areas.
The dosage is 0.075 to 0.1 pound per
acre, or 0.02 p.p.m. in water. Dipterex 8 (dimethyl 2, 2, S-trichloroI-hydroxyethylphosphonate)
and
parathion have been added directly
to water in irrigation
ditches in
California (45) and Arkansas (&)
by means of an automatic applicator (4) before the water flowed
over pastures and fields. Control
*The mention of proprietary products
does not imply their endorsement by the
U.S. Department of Agriculture over similar products not named.
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for distances of about one-half mile
has been obtained by this method.
An important recent development
in insect control has been the use of
granulated
insecticides (60, 108,
The granules are
llO? 111, 11q.
easllv distributed
bv airplane,
ground equipment, or hand. -They
have enough weight so that thev are
not so scbject %o wind drift as
sprays or dusts and will penetrate
vegetative canopies and thus reach
mosquito breeding areas.
Prehatching
treat7nents.-Prehatching treatments have been successful m Alaska (105).
The insecticides are applied to the dry or
moist ground in the late summer or
fall or on snow (fig. 19) before the
spring thaw (83, 96, 116)) and
hatching larvae are killed by the
residues. The best results have
been obtained in areas that are dry
in the late summer and early fall
and wet only in the early spring.
Prehatching treatments may be
made with any of the DDT formulations. One to two pounds per
acre will give control for two or
more seasons in all but seepage
areas, where 2 pounds may be meffective
for even one season.
These heavy applications should be
made only in areas where there is
no danger
to wildlife.
Much
lighter dosages of DDT applied as
adulticides have been found to serve
as effective prehatching treatments
for at least two seasons. In Ia lOOsquare-mile plot that had received
a total of 0.3 pound of DDT in
three treatments in 1949, less than
5 percent of the expected number of
larvae were found in 1951 (6).
PROTECTION
AGAINST
ADULTS
The control of adult mosquitoes
is often more expensive than the
control of larvae, as the adults disperse over wider areas. Because of
recent developments
individuals
and communities may now be pro-
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FIarraE: lg.-Applying

DDT dust as a prehatching treatment

vided with fairly satisfactory protection against adults. The two
primary methods used are the personal protective measures and insecticide applications.

Personal Protection
Where mosquito control is not
feasible or when a brood inadvertently emerges in a control area, it
may be cheaper and more practical
to use such personal protective
measures as screens, bed nets, head
nets, and repellents.
Screening of all windows and
doors with screen wire of 16 meshes
to the inch or smaller is a common
practice, and in fact Ia necessity in
most communities (8).
Bed nets
are necessary for campers and
people not living in screened houses,
as well as for those who work, hunt,
or fish outside control
areas.
Under extreme situations gloves
and two thicknesses of clothing
provide adequate protection.
When properly applied to the
neck, faace, and hands, repellents

OXI

snow at Anchorage.

prevent mosquito bites for several
hours, the actual length of time being dependent on the person, the
type of repellent used, the species
of mosquito, and its abundance (tz,
5, 7). Liquid repellents may also
be sprayed lightly on garments to
prevent mosquitoes from biting
through clothing.
The most effective mosquito repellent now available is diethyltoluamide (47, 97). It also provides
protection
from
other common
Alaskan pests such as deer flies,
black flies, and punkies (Czclzcoides). When applied to the skin
or clothing (fig. 20), it lasts longer
than any other material.
It is safe
to use on the skin and clothing
when applied according to instructions. However,
it may cause
slight irritation if it gets into the
eyes. It has desirable cosmetic
properties; it dries quickly on the
skin to an almost invisible film, is
not oily, and is almost odorless.
Diethyltoluamide
is more resistant
to removal by wiping and is more
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FIQUBE 20.-Testing
stockings treated
with repellents against mosquitoes at
Anchorage.

persistent under sweating conditions than other repellents.
It is
also less easily removed when the
skin is rinsed with water.

Insecticid-es

VW9 many sprays may contain
pyrethrum, allethrin, or some of
the thiocyanates.
Malathion is also
being used in aerosols, particularly
in areas
‘
where resistance has developed to the chlorinated hydrocarbons.
Perhaps the most wide1 known
indoor space treatment ot;Ker than
that applied by the hand-pressure
sprayer is that produced by the
aerosol bomb. A few seconds’ application will kill- the mosquitoes
in an ordinary-sized room or tent.
If there is no wind, temporary relief can also be obtained outdoors
by releasing the aerosol as one
walks in swaths over the area. The
directions on the container should
be followed.
Mist blowers and large fog machines are used to control adult
mosquitoes over large areas. Various smaller mobile units for pneumatic spraying or production of
aerosol fog have been found useful
(I.& 15,17;7.4,9,%?,93).
Specialized
mist-producing equipment
built for.
.
.__
use around camps m Alaska is
shown in figures 21 and 22 (113,
114)
The large aerosol machines may
l

Before the newer organic insecticides became available, adult mosquitoes in buildings were destroyed
with pyrethrum space sprays. The
effectiveness of the newer materials and their low cost make it possible to utilize space sprays both
in buildings and over large outdoor
areas. In addition, many of these
newer insecticides will kill insects
when they are applied as residual
treatments to surfaces where the
insects rest.
Space treatments.-Spaca
treatments may be made with sprays
or aerosols (16,59).
Droplets with
diameters up to 40 microns have
been classed as aerosols and those
with diameters ranging from this
size to 400 microns have been considered to be sprays. In addition
to the newer organic materials such
as DDT, methoxychlor, and lindane

be supplemented by smaller equipment attached to the exhaust manifold of motor vehicles (16, 22, %$,
78, 92, 93).
The jeep exhaust
aerosol is relatively simple and inexpensive to build and attach to a
jeep. Temporary relief from mosquitoes can usually be obtained
around campsites and other small
localized areas
‘
with this equipment.
In this unit the oil solution containing the insecticide is introduced
into the exhaust system, where it
is broken up into aerosol pa,rticles.
Five percent of DDT in diesel oil
is commonly used.
The exhaust aerosol, which was
developed L, the National Research
Council (86)) has been modified by
Jones and Holten (78) to reduce
the back pressure on the engine and
increase -the atomization - of the
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PN-828

FIGVRE 21.--TT’envI
trailer w_nip~d with compressor and insecticide tank, releasing
aerosol for protection of personnel at I’niiat.
(Photograph by Charles Wilson.)

I

_---. -.-

~__

_
PN-829

I

FIQURE 22.-Small
encampment, on arctic slope protected by a series of aerosolproducing units consisting of fruit-jar
insecticide containers and nozzles attached
at intervals
to a compressed-air line.
( Photograph ,by Charles Wilson. )

36

AGR.

182,

HANDBOOK

U.S. DEPT.

insecticide solution. The modified
unit is also easier to clean. The
jeep should be operated at a speed
of a.bout 5 miles per hour in compound low gear for most efficient
The following
aerosol production.
illustrations
and instructions for
fabrication and installation of this
unit are given with permission of
the authors :
Commercial bids for the manufacture
of one of the units were about $30.00,
while the cost to construct the unit in
our shop was about, $6.00 for labor land
$5.00 for materials, a total of $11.00.
The list of materials required is as
follows:
One ya” black pipe tee
One l/g" black pipe plug
One brass Y," pipe to I/q" tubing
connection
One piece x" copper tubing 5" long
l/S"

l/4"

I.D.

pipe

pipe to l/4"
connector

coupling

One piece 1%" black pipe 2%" long,
threadedoneend
One ly," black pipe coupling
In addition to these materials for the
venturi unit itself, the following are
needed for completing the <installation
on the jeep:
41/ of srr i.d. copper tubing for feed
line
Four brass y,” pipe to j/,” tubing
connections
One 1%” black pipe nipple 10” long
threaded both ends
One ll/q” black pipe tee
One brass IL” globe valve
One storage tank
The measurements [fig. 231 of this unit
are the same as those given in the National Defense Research Committee report (1945) except for the following :
1. The throat of the venturi was
increased from 7h6’r i.d. to l/2” i.d. to
eliminate excess back pressure. Measured back pressure was obtained at any
engine speed which would allow efficient
plug

J

-

l/4"

tubing

Jeep exhaust venturi
-AerosolOpen end of pipe coupling
is connected to 10" long
1 l/4" pipe nipple extension from 1 l/4" tee
brazed in exhaust pipe
4" below manifold.
Black
areas at joints
indicate
brazing.
All threaded
joints
coated with oilgraphite
flixture
so unit
may be easily
disassembled
for cleaning.
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l/4"
I.D.
copper tubing
from insecticide
tank

l/S?' pipe tee reamed
and tapped at feed
and jet end to l/4"
1 l/4"

pipe

OF

I.D.

/

pipe

nipple

l/4"
I.D. pipe nipple
threaded only (3ne end

l/4"
I.D.
copper tubing to
be cut off to discharge
insecticide
at start
of
venturi
throat

Threaded pipe
brazed on for
purposes

section
capping
PN-830

FIGURE23.-Diagram

of a jeep exhaust, venturi aerosol.

(From Jones and HoXen 78. )
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above the venturi throat. The tank is
normally placed in the rear of the jeep
above the fender well.
In operation [fig. 24, B], the unit may
be controlled to produce a dry fog
(aerosol) or a wet fog (mist) by the
gravity feed line control valve which
controls the volume of insecticide introduced into the venturi. The jeep exhaust
pipe is plugged with a 1%” pipe plug
when the venturi is in operation. A
1%” i.d. pipe coupling is brazed onto
the exhaust pipe to take this plug. When
the venturi is not in use, it is capped
with a 3/q” pipe cap, and the exhaust
pipe unplugged.

PN-831

FICXJBE
24.-Jeep exhaust venturi aerosol :
A, Closeup view of mounted unit; B,
unit in operation.
operation of the exhaust venturi generator.
2. The single-size tube assembly used
[fig. 24, A] was substituted for the
original curved two-size jet tube so that
it could be dismantled and reamed free of
carbon with a minimum of tools and time.
3. The fixed mounting in lieu of the
flexible mounting permits constant availability and ease of operation. The control valve on the driver’s side of the
jeep allows one man to both drive and
operate the venturi.
The convergent and divergent sections
of the venturi can most satisfactorily
be formed on a mandrel turned to proper
size.
When installing the unit, the exhaust
pipe of the vehicle is cut four inches
below the manifold and a section of the
exhaust pipe long enough to allow the
insertion of a tee joint is removed. A
1%” black pipe tee bs then brazed into
this opening. A 1%” pipe nipple 10”
long extends from the tee joint and the
venturi unit is screwed onto this extension. Black pipe i.s used rather than
galvanized for ease of brazing parts.
An oil and graphite mixture is used to
coat all threaded joints so that they may
be broken easily even after heating, when
the unit must be dismantled for cleaning. The supply tank may be of any
size, shape, and capacity, but should be
placed so that it is at least 18” to 24”

Although the aerosol treatments
can reduce mosquito annoyance in
urban or rural communities, the
effect of a single treatment seldom
lasts more than a few hours. The
length of time will depend on the
area treated and the abundance and
flight habits of the mosquitoes, and
best results will always be obtained
when the applications are made by
experienced operators.
Airplane applications of DDT
spray (fig. 25) (-I,$) have proved
the most economical method of controlling adult. mosquitoes in or near
the larger urban centers of Alaska.
The formulation most often used
contains 20 percent of DDT in fuel
oil with at least 20 percent of an
auxiliary solvent. The dosage is
0.1 to 0.2 pound of DDT or 1/ to 1
pint of spray per acre.
Where mosquitoes have become
resistant to DDT, other insecticides
are being used, such as lindane,
chlordane, aldrin,
and dieldrin,
which are especially toxic to fish.
No insecticide sprays should be used
over large bodjes --of water where
thes are hazardous to fish. All aircraft spraying should be directed by
specialists and trained pilots.
ResiduaZ sprays.-Many
of the
including
insecticides,
organic
DDT,
will remain effective for
several months when applied to
the interior surface of buildings
and for a week or more when
applied to the exterior of buildings
or to vegetation.
Mosquitoes that

I
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near Fairbanks with one-half pint of 20-percent DDT
acre. Picture taken at midnight.

rest on the treated surfaces will be
killed by the residues.
DDT residual sprays for use on
buildings should contain 5 percent
of DDT either in oil solution or in
emulsion. The best results are obtained if all the walls and ceilings
are treated. The rate of application
should be about 1 gallon per 1,000
square feet. If the surface is not
particularly
absorptive, reapplication may be necessary. In Alaska
an application at the beginning of
each mosquito season should be
adequate.
Annoyance around buildings can
be further reduced by spraying all
vegetation to a height of about 10
feet (13).
The wider the treated
band, the better the results, for the
mosquitoes will not be killed until
they rest on the sprayed vegetation.
During periods of flight activity
such treatments may provide poor
protection, since infiltrating
mosquitoes may cause considerable annoyance before they are killed.
Good control of the Aedes species
common in Alaska was obtained in

per

the Cascade Range of Oregon for
10 to 45 days with residual treatments of DDT at 2 to 6 pounds per
acre on plots larger than one-half
acre. Lindane at 3 pounds per acre
gave control equal to that obtained
with 4 pounds of DDT (169). In
order to avoid damage to vegetation, wettable powders or oil emulsions should be used rather than oil
solutions.

Insecticides a r e poisonous,
When handling or mixing concentrated insecticides, avoid spilling
them on the skin and keep them
out of the eyes, nose, and mouth.
If any is spilled on the skin, wash
it off immediately. If any is
spilled on the clothing, change it
immediately. Try to keep the
spray away from the eyes, nose,
and mouth when it is being applied. Wash exposed skin surfaces with soap and water and
change the clothing after using
insecticides. Follow the precautions on the container labels.
The extremely poisonous organic
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phosphorus insecticides such as
parathion and methyl parathion
should be handled only by a person who is thoroughly familiar
with their hazards.
CONTROL OF RESISTANT
MOSQUITOES
Resistance to insecticides has
developed in many insects in many
parts of the world.
In some communities
in
California
(5L).
Florida (25, 79), and Oregon (3%) i
mosquitoes have developed a high
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resistance to DDT and other chlorinated
hydrocarbon
insecticides.
Organic
phosphorus insecticides
have given control in these communities (@‘, 53’). Parathion has been
effective in one such area for 8 years,
but partial resistance to malathion
has developed in a similar area in
California (52) after 2l/, years. In
Alaska resistance is expected to develop very slowly, because only one
generation is produced annually by
the Aedes species, which comprise
the major pests.

Technique for Mosquito Collection and Survey
Specimens that are to be prepared for study in the laboratory
or that are to be preserved for a reference collection must receive special attention if they are to serve
their purpose.
Larvae and pupae.-A
white enamel dipper with a smooth stick
about 3 feet long inserted in the
handle (fig. 26, A) is best for collecting larvae and pupae. Remove
t,hem from the dinner with an eve
dropper or pipe&e (fig. 26, d).
14s the tix, of an ordinarv eve
dropper is’ too small for sucking
in full-grown mosquito larvae and
the pupae, break it off to enlarge
the opening.
The larvae and pupae can be
reared in the laboratory.
Since in
general only the mature larvae
(fourt’h instar) can be identified,
rear the young larvae to the fourth
instar. A careful worker will rear
the larvae individually
and will
save the larval and pupal skins so
that they can be associated with the
adults.
In the field, preserve the larvae
in 70- to 8O-percent alcohol. Prevent undue dilution of the alcohol
with water ; as a precautionary
measure change the alcohol after a
few hours. Fill the vials (fig. 26,

B) with

liquid to prevent sloshing
and consequent damage to the larvae. Handle the larvae carefully, as
the spines and hairs necessary for
identification are easily broken off.
Specimens retain their shape better
if killed in hot water (100”--150”
F.) and t,hen transferred to alcohol.
A 4-ounce jar or larger (fig. 26,O)
may be used for carrying live larvae. Injury
to larvae
will be
avoided if the jar is filled to the
brim with water.
To make permanent
preparations of larvae or larval and pupal
skins, remove them from the alcohol in which they have been preserved and mount them on microscope slides. The larval mounts are
more satisfactory if the larvae are
then punctured
with
a needle.
Place the punctured larvae or skins
in Cellosolve for a few minutes
and then in a drop of balsam or
euparal on a slide, orient them, and
cover with a glass coverslip. The
abdomen may be cut before t.he
balsa*m is applied, so that the anal
segment and siphon can be turned
on the side. Such specimens, if
carefully
prepared, will last indefinitely.
A&&s.-The
most useful specimens of adult mosquitoes are pre-
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PN-333

equipment: A, Dipper ; B, vial; 0, wide-mouthed
pipette ; D, jar for carrying live larvae; E, killing bottle; P, paper funnel ; G, live
tube; H, aspirator, straight-tube type ; I, lantern chimney cage ; J, pill boxes; K
and L, aspirator, showing construction details.

FIGURE 26.-Mosquito-collecting
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pared as soon as they are killed or
collected. Do not kill those reared
in the laboratory for 24 hours after
they emerge as adults to allow
them time to harden.
The most useful killing bottle
(fig. 26, E) is a chloroform tube.
Fill a strong glass tube to the depth
of about one-half inch with cut
rubber bands or other small pieces
of rubber. Pour in enough chloroform to cover the rubber pieces and
close the tube tightly with a cork.
When the chloroform has been absorbed by the rubber, tamp in a plug
of cotton. On top of the cotton
place several disks of blotting paper
cut to fit the tube tightly.
Such
a bottle should last several days before it needs recharging with chloroform, provided it is kept tightly
corked when not in use. Place a
few strips of soft paper, 1/4 to 1/2
inch wide, in the tube to prevent the
mosquitoes from
being unduly
rubbed. To increase the number of
mosquitoes that can be caught, place
a short paper funnel (fig. 26, F) in
the mouth of the killing bottle.
This funnel acts as a barrier to prevent the escape of the specimens before they are killed and to reduce
the loss of chloroform fumes.
Another hand-collection device is
a suction tube, or aspirator (fig. 26,
L), made out of a glass or clear
plastic tube about three-fourths
inch in diameter and 5 to 6 inches
long. Intake and outlet tubes inserted through the rubber stopper
should be copper, as glass tubes are
too easily broken. Fasten bolting
cloth or fine mesh copper screening
over the inside ,aperture to the outlet tube. Mosquitoes can then be
sucked into the aspirator tube and
blown into the killing bottle. Another type of aspirator, as shown in
figure 26, E, is better for handling
adults that are to be transferred to
a live jar, or lantern chimney cage
(fig. 26, Z) .
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After collecting a few specimens
in the killing bot.tle, transfer them
to a small container such as a pasteboard pill box. The pill box (fig.
26, J) should contain two pieces
of soft tissue paper between two
layers of cotton. Place the mosquitoes between the layers of tissue.
Without t.he tissue paper the tarsal
claws may cling to the strands of
cotton and may be broken. Handle
the specimens carefully, as scales
and hairs that are important for
identification are easily rubbed off.
In the field, pin the best specimens
as they are caught.
Mosquitoes may be kept alive in
a large-diameter glass tube or a vial
open at both ends (fig. 26, G).
Cover the top with bobbinet and
insert in the bottom a cork, in which
a capillary tube is inserted for furnishing water.
Place a freshly cut
raisin or wad of cotton saturated
v&h sweetened water on top of the
bobbinet for food. A glass lantern
chimney (fig. 26, Z) may be similarlv eouioped as a container for
a l&ge~n;l;?ber of adults. Generally one end is covered with a
sheet of thin rubber. A l/!-inch
slit in the rubber permits the collector to add a.dults to the container
with an aspirator (fig. 26, H).
Adults that are to be retained
in permanent collections are best
mounted on a minuten pin stuck into a small square piece of cork,
through which is passed a larger
pin. Thrust the tip of the minuten
pin through the underside of the
thorax of the mosquito, but not far
enough to protrude through the
mesonotum. The No. 3 entomological pin is generally the best size
for holding the cork.
Label the mounted specimens
carefully and pin them in a tight
insect box. Protect
the stored
specimens from insect pests and
da.mpness. Place flake naphthalene
or paradichlorobenzene in a perforated container and fasten the
container securely in one corner of

42

AGR.

HANDBOOK

182,

U.S.

the insect box to prevent damage
from insect intruders.
Renew t.hese
repel1ent.s occasionally.
Many of the northern Aedes mosquitoes are difficult to identify, and
often only the males can be accu-

Identification
The principal characters distinguishing the different species are
the shape, sizv, coloration, and
scaling of the different body parts.
A binocular dissecting microscope
with magnifications up to about
85 X is necessary for satisfactory
examination.
For examining larval parts and slide mounts of male
terminalia,
a compound microscope with a magnification up to
400 X is necessary. A bright spotlight is required when high magnifications are used.
In the field a good hand lens with
a magnification of 10 or 15X is
satisfactory for provisional identi-
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rately identified.
Mounts of the
male genitalia for study purposes
may be made as described for mosquito larvae. The genitalia should
first be c 1 e a r e d in potassium
hydroxide.

of Species
ficat ions. After
some experience
one will be able to identify so’me of
the species with a hand lens or even
with the naked eye.
Misidentification
of mosquitoes
may cause serious confusion. A
few specimens that have been correctly identified will be helpful for
comparison. If in doubt about the
identity of specimens, send t.hem to
a specialist with the request that
They
they be named and returned.
may be identified if sent to the Entomology Research Division or to
some of the State universities and
agricultural experiment stations.

Keys and Notes for Identification
The 27 species of mosquitoes
found in Alaska belong to 4 genera.
Keys for their determination are
based on characters given in the
litera(ture and on others that have
been added. The characters used
by Vockeroth (199) and by Beckel
(11) in keys to females present in
Canada have been particularly useful in separating species found in
H-v

c

i41aska. The spines on the anal
plate described by Frohne (35)
have sometimes been utilized in the
larval keys. Only the more import ant taxonomic
data for each
species are included here, and only
synonyms of recent date are given.
The chasacters used for identifying
lhe Aedes species are shown in
figures 27 to 32.

SC

.t.... .._....,...6 ._ ._ .......‘.”
PN-834

27.--Wing
of Aerles mosquito, illustrating
venation (modified from Ross and
H-v, humeral cross vein ; C, costa ; Xc, subcosta ; Pt, petiole of vein 2 ;
Roberts 95).
1, 2.1, 2.2, 3, 4.1, 4.2, 5.1, 5.2, and 6, longitudinal
veins and their branches.
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PN-836
FIGURE 28.-Lateral
view of mosquito
head and thorax.
hs, hypostigial
spot of scales
pronotum
; 2, pr@
Sclerites
of thorax : 1, Anterior
and PCS, postcoxal
scale patch.
episternum
; 3, postpronotum
; 4, mesanepisternum;
5, prealar area ; 6, sterno; 9, metasternum
; 10, metepimeron
;
: 8, nietanepisternum
pleuron ; 7, niesepimeron
pronotal ; ps, proepisternal ; ppn,
11, postnotum : 12, meron.
Setae : apt, anterior
postpronotal : sp, spiracular
; psp, postspiracular
; pa, prealar
; stp, sternopleural
;
urne, upper mesepimeral ; Znze, lower mesepimeral.

SP-

sc-

FIGURE 29.--Male
genitalia
of Aedes, dorsal view, showing parts : SP, sidepiece;
SC, scale;
BL, basal lobe; Xes, meso9T,
some ; L9, lobe of ninth terg-ite;
ninth tergite;
S, spine of clasper ; CL,
clasper ; AL, apical lobe ; P, filament
of
claspette;
GZsp, claspette ; 10X, tenth
sternite ; P, paramere
; BP, basal plate.
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showing scaling;

B, Aedes commzLrcis,

same.

TENNAL

WI= T

APN
PPN
LATERAL
ffA/RS--

PBS

ABDOMEN

PMM
PN-838
FIGURE

31.-Ventral

view

of

thorax

of

Aedes.
OC, occiput;
APN,
anterior
pronotum ; PPN, posterior pronotum
PBS,
probasisternum ; SPB,
sternopleural
bridge ; PHM,
postmetasternal

DORSAL

;

membrane.

KEYS

TO

TUFT_\ \ “RECTmi

PN-839
FIGURE 32.-Larval
characters
used in
identifying
mosquito larvae of Alaska.

GENERA

Adults
Scutellum trilobed with marginal setae on lobes only; palpi in females
2
much shorter than proboscis__---____-_---___--_--------_-____
Scutellum crescent shaped with marginal setae evenly distributed;
palpi of males and females almost as long as proboscis_ _ Anopheles (earZei, p. 77)
Aedes
Postspiracular bristles present__-_____------___------_--------__
3
Postspiracular bristles absent___--______----___----_-___-_----__
Culiseta
Spiracular bristles present_______________---_--__---------_-___Spiracular bristles absent_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Culex (territans, p. 79)
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Larvae
1. Eighth segment without dorsal siphon or respiratory tube__ Anopheles (earlei, p. 77)
2
Eighth segment with elongated siphon or respiratory tube___ _ _ _ _ _ _ _
Culiseta
2. Air tube with siphonal tufts at base______________________------3
Air tube with tufts near or beyond middle________---_______-__-3. Air tube with two or more pairs of tufts extending to end of tube
Culex (territans, p. 79)
Air tube with only one pair of tufts_______________--___--------Aedes

GENUS AEDES MEIGEN
KEYS

TO SPECIES

Adults
1. Tarsal segments ringed with white_____________________________
Tarsal segments not ringed with white-_____--__-_________-_-___
2. Tarsi with white rings at both ends of segments_ _ _ _ _ _ _ _ _ _ _ _ _ _ canadensis, p.
Tarsi with white rings at base of segments only- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
3. Abdomen with dull-yellow scales and irregular dark-scaled areas or
completely yellow scaled; tarsal claw as in figure 50, R_ _ _ _ _ _ _ jlavescens, p.
Abdomen dark scaled with white or gray dorsal bands_ _ _ _ _ _ _ _ _ _ _ _
4. Tarsal claw large, sharply bent, and nearly parallel to long tooth
(fig. 46, B)_______________________________________--____
excrucians, p.
Tarsal claw smaller, not sharply bent, and not parallel to shorter
tooth____________________--_-_____________________________
5. Mesepimeral bristles absent; tarsal claw as in figure 66, R_ _ _ _ _ _ _ riparius, p.
Mesepimeral bristles usually present; tarsal claw as in figure 48, R_ _
6. Lower mesepimeral bristles three or more; torus with or without
stimulans, p.
scales on dorsal half_____________________________________
Lower mesepimeral bristles none to four but rarely more than two;
torus with white scales on dorsal half______________---_-_______
Jitchii, p,
7. Abdomen without basal white bands or with some narrow or incompleteones________________----_______--__---_______-------Abdomen with basal white bands___________________________--reddish brown; fore coxae with central area of brown
8. Mesonotum
cinereus, p.
scales____________________-_--------______-__---_-----____
Mesonotum
with narrow median brown stripes; fore coxae with
white scales only__________-____________________________---9. Sternopleuron with 5 to 10 setae, of which a vertical line of one to
four is just anterior to lower edge of mesepimeron;
torus with
decticus, p.
integument dark brown or black____--___________------___-Sternopleuron
with 12 to 20 setae, of which a patch of 7 to 12 is
anterior to and below lower edge of mesepimeron;
torus with
integument of outer side yellow to light brown- _ _ _ _ _ _ _ _ _ _ _ _ _ diantaeus, p.
10. Postcoxal scales present_____________________________________-Postcoxal scales absent_______--________--__---___________-_-with setae scattered over posterior half_ _ _ _ _ _ _ _ _ _ _ _
11. Postpronotum
Postpronotum
with setae in single or irregular
double row along
posterior margin_______________________---_-_________-----12. Tarsal claws sharply bent with slender tooth nearly parallel and onehalf length of claw (fig. 53, R)__________________--------___impiger, p.
Tarsal claw elongate with blunt tooth not parallel with claw (fig.
59, R)____________________________________________---____
nigripes, p.
with many white scales_ _ _ _ _ _ _ _ _ _
13. Posterior part of probasisternum
Posterior part of probasisternum
without or rarely with few white
-----__
scales___________________----------____--___-------14. Mesonotum yellow or rarely gray with dark-brown stripes narrowed
at backandextending
to scutellum____________________________pionips,
p.
Mesonotum
brown or occasionally with faint dark markings
hexodontus (“tundra”
variety),
p.
15. Sternopleuron
with scales extending to frontal border_ _ _ ___ __ _ _ _ _ _
Sternopleuron
with scales not extending to frontal border _ _ __ _ _ _ _ _

2
7
48
3
58
4
55
5
68
6
69
56
1:
50
9
53

54
11
18
12
13
60
64
14
15
65
59
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16. Mesonotum
yellowish
to light golden brown with dark-brown
lines----__--____---___------______---_---punctor, p. 67; aboriginis,
Mesonotum brown or occasionally with faint dark markings
punctor (“tundra”
variety),
17. Wings with scattered line of white scales extending from base of costa
cataphylla,
to humerai cross vein----__________-_-------------------Wings dark scaled or with patch of white scales at base of costa
implicatus,Q
with scales extending to frontal border_ _ _ _ _ _ _ _ communis,
18. Sternopleuron
Sternopleuron with scales not extending to frontal border- _ _ _ _ _ _ _ _ _
19. Mesonotum yellowish brown with median brown stripes.; wings with
pale scales extending from base of costa to humeral vein- _ _ _ _ _ _ _ p&la&s,
Mesonotum
bronzy brown with gray scales around margins and
rarely with darker markings centrally; wings dark scaled or with
small patch of pale scales at base of costa- _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ intrudens,

p. 47
p. 67
p. 49
p. 61
p. 51
19
p. 66

p. 62

Larvae
1. Pecten of air tube with one or more of distal teeth more widely spaced
Pecten teeth of air tube equally spaced-------_-____-__________
102
&gripes, p. 64
2. Anal segment ringed by plate----____--__-------------------Anal segment not ringed by plate_______________-------------_3. Hair tuft of air tube distinctly basal of last pecten tooth_ _ _ _ _ _ _ _ cataphyZIa, p. 4”9
4
Hair tuft of air tube even with or distad of last pecten tooth_ _ _ _ _ _ _ _
4. Antennaelongerthanhead__________________________________
diantaeus, p. 54
5
Antennae shorter than head________________----------------__5. Apical setae of lateral valves (i.e., triangular flaps at apex of tube)
hook shaped, as long as longest pecten tooth_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ excrucians, p. 55
Apical setae of air-tube valves barely discernible, not longer than
6
shortest pecten tooth____--__-----------------------________
7
6. Upper and lower head hairs single or double- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Upper head hairs three or more branched,
lower two or more
8
branched_______________________-----------------__________
7. Antennae
not longer than anal segment_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _riparius, p.
Antennae at least one-fourth longer than anal segment- _ _ _ _ _ _ _ _ _decticus, p.
8. Upper head hairs two or three, lower double- _ _ _ _ _ _ _JEavescens(in part), p. 58
9
Upper head hairs usually four or more, lower two or three_ _ _ _ _ _ _ _ _
9. Tuft of air tube with five to seven hairs____________________
___intrudens, p.
Tuft of air tube with two or three hairs____- _________________cinereus,
p.
10. Anal segment ringed by plate or very narrowly open ventrally- _ _ _ _ _
Anal segment not ringed by plate, broad opening ventrally- _ _ _ _ _ _
11. Comb of eighth segment a row of 5 to 9 or rarely 10 scales; anal
plate clqsed______________---------___-------------____-hexodontus,
p.
Comb of 10 to 19 scales; anal segment narrowly open or closed____punctor, p.
32. Both pairs of head hairs single or occasionally with one or two hairs
double______________-_-------_--_____---------------______
Both pairs of head hairs not single and at least one pair multiple_ _ _ _
13. Comb on eighth segment of 40 or more scales_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _communis, p.
Comb on eighth segment of less than 30 scales- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
14. Comb on eighth segment of 8 to 16 thornlike scales, lateral spinules
less than half as long as apical spine_- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ impiger, p. 60
Comb of 15 to 25 blunt scales, lateral spinules nearly as long as
apical spine_______________-_-______----------------_-___
implicutus, p. ,61
15. Apical setae of air-tube valves hook shaped and as long as lateral
56
valve__________________-----------_____-_-_-------------__
fitchii,p.
Apical setae of air-tube valves inconspicuous, not so long as lateral
16
valve____________________________________________--------_
16. Air tube with pecten teeth on basal one-third or occasionally slightly
farther; anal gills usually twice length of anal segment; (spines
on apex of anal plate long and slender, fig. 63) ___ _ _ _ _ _ _ _ _ _ _ _ _ _ pullatus, p. 66
Air tube with pecten extending nearly one-half length of tube; anal
17
gills seldom twice length of anal segment_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
17. Comb on eighth segment with 60 or more scales; air tube about
2j,< X 1 (spines on apex of anal plate short and slender, fig. 61) _ pionips, p. 65
Comb on eighth segment with less than 40 scales; air tube about
18
3 x l_________________________________________---------___

zi

9 About 10 percent of the females of this species have a few scales extending
frontal border of the sternopleuron.
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18. Comb scales thornlike; apical spine more than twice as long as any
lateral spinule_____________----------___---------_
Jlavescens (in part),
Comb scales acute apically but not thornlike; apical spine less than
twice as long as lateral spinules________________---------___-_19. Upper head hairs six to seven, lower four to five___ _ _ _ _ _ _ _ _ _ _ _ canadensis,
Upper head hairs three to four, lower two to four _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
20. Anal segment longer than wide; mesothoracic hair So. 1 double or
triple__________________------------__----------______-stimulans,
Anal segment about as long as wide; mesothoracic hair So. 1 single
ahoriginis,

47
p. 58
19
p. 48
20
p. 69
p. 47

Male Genitalia
1. Clasper inserted before apex of sidepiece; unequally
bifurcate
at
base______________________-___________--______________-_
cinereus,p.50
Clasper not inserted before apex of sidepiece; not branched at base_
32
2. Basal lobe without spines________________------_-___--------_Basal lobe with spines__--------____--------_--__--_------____
5
canadensis, p. 48
equal width3. Filament of claspette na.rrow and of approximately
4
Filament of claspette expanded along one margin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
4. Filament of claspette with one side roundly expanded at base _ _ _ nigripes, p. 64
Filament of claspette with one side expanded to sharp point at base
excrucians, p. 55
5. Basal lobe with one spine_______________----_--_______-------1:
Basal lobe with two or more spines_________________-----------6. Apical lobe with short appressed setae
aboriginis, p. 47; hexodontus, p. 59; punctor, p. 67
7
Apical lobe with long hairs or nearly bare____________-_-_-_----7. Basal lobe extending almost to apical lobe _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ fiuvescens, p. 58
8
Basal lobe a small area at base of sidepiece___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
8. Apical lobe of sidepiece nearly bare__________-_______---___-____
I:
Apical lobe distinctly setose______________-----_-_______-__---of claspette expanded into sharp projection
near base
9. Filament
implicatus, p. 61
Filament of claspette expanded in gradual curve near base_ _ _ _ cataphylla, p. 49
10. Filament of claspette sickle shaped with small notch at base_-_ _ _ _ _ _ Jitchii, p. 56
I1
Filament of claspette not notched at base- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
12
11. Basal lobe rounded________________________--_-____-________-_
13
Basal lobe cone shaped or wedge shaped___-_----______--__-_--_
12. Filament of claspette expanded to its maximum width at base
communis,10 p. 51; pionips, p. 65
Filament of claspette expanded to its maximum widt,h near middle
stimulans, p. 69
p. 68
13. Basal lobe projecting in cone shape at right angles to sidepiece__ rip&us,
Basal lobe evenly sloped to its maximum width at basal edge_ _ _ _ _ _ impiger, p. yg
14. Apical lobe with dense tuft of long hairs_________________-_----Apical lobe without tuft of hairs____________________----------16
15. Apical lobe conical, well developed; claspette stem with sharp angle
diantaeus,p.54
near apex______________-_----________------__________-_Apical lobe flattened,
oval; claspette stem with rounded shoulder
decticus,p.53
near apex_________________--__________----__________-_-__
ending in stout setae at
16. Claspette with sharp angular projection
middle____________________--__________----___________-intrudens, p. 62
Claspette with rounded angle at middle_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ pullatus, p. 66
lo Postcoxal scale patch present on male pionips and absent on communis.

Aedes aboriginis Dyar
Aedas aboriginis Dyar, Insecutor
tiae Menstruus 5 : 99. 1917.

Insci-

FemnZe.7Mesonotum
yellowish
to light golden brown with paired
dark-brown stripes and posterior
Postpronotum
with
half
lines.
setae in single or irregular double
55d8slOO-614

row along posterior margin.
PostSternoscales present.
coxal
pleuron with scales extending to
Scutellum with
frontal
border.
yellow or bronzy bristles.
Probasisternum without white scales on
posterior part. Lower mesepimera 1
bristles one or two. Abdomen black
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with basal white bands widening at
sides. Wings dark scaled in about
95 percent of specimens.
Legs
black.
Male genitalia
(fig. 33) .-Sidepieces three times as long as broad ;
apical lobe long and rounded with
short curved setae; basal lobe flatly
conical with numerous setae and
long curving spine near base. Claspette pilose, slightly curved, and
expanded near middle;
filament
shorter than stem, slightly
expanded at middle, and terminating
in blunt curved point.
Larva.-Antennae
s p a r s e 1y
spined. Head\ hairs, upper usually
three to four and lower two to four.
Mesothoracic hair No. 1 single. Lateral abdominal hairs one to two
long hairs. Comb on eighth segment with about 30 scales in patch.
Air tube about 3 X 1; pecten fine
and even and not reaching middle,
followed by four to six large hairs;
apical setae not so long as latera,
valve. Anal segment about as long
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PN-841

FIGURE

34.-Aedes

canadensis

male

genitalia.

as wide, anal plate extending to
near ventral line; anal gills pointed
and longer than segment.
Bionomics.--This
species has
been recorded from several localities in the Panhandle
(map 9).
Larvae were collected in May, June,
and July in roadside borrow pits
that were devoid of vegetation
(Frohne and Sleeper 42). Nothing
further is known of the species’
habits or behavior in Alaska:

Aedes canadensis (Theobald)
CuZex canadensis Theobald,
Culicidae

FIGURE 33.-A

edes aboriginis
talia.

male geni-

of World,

Monog. of
v. 2, p. 3. 1901.

PenLaZe.-Mesonotum r e d d i s h
with
pale-yellow
scales
brown
Abdomen black
around margins.
without basal white bands or with
narrow indistinct ones; sides with
triangular
white spots. TV i n g
scales all dark. Legs black; hind
and midtarsal
segments apically
and basally white banded ; fore
t.arsus banded on first and second
segments; last segment of hind leg
entirely white scaled.
Male genita Zia (fig. 34) .-Sidepieces slightly more than twice as
long as wide; apical lobe large,
low, and broadly rounded with short
bladelike setae ; basal lobe long,
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surveyed by the Alaska Insect Control Project in 194'7and studied intensively during the entire spring
and summer of 1948. It is hardly
conceivable that such an easily recognized species could have been
missed; more likely this is further
evidence of the year-to-year instability of the mosquito population in
centralAlaska.
No larvae have been
collected in Alaska.
In the United
States and Canada larvae develop
in temporary
or semipermanent,
shaded, woodland pools containing
fallen leaves.

Aedes cataphyZZaDyar
Aedes cataphylla Dyar, Iusecutor Inscitiae Menstruus 4 : 86. 1916.
PN-842

FIGURE 35.--Be&es canadensis larva.

with mang short setae. Claspette
cylindricai and setose, larger& seta
before apex ; filament narrow, linear, pointed’, and slightly shorter
than stem.
Larva
(fig. 35) .-Antennae
spinose. Upper head hairs six to
seven, lo%& four to five. Lateral
abdomen hairs usually double on
first to fifth segments and single on
sixth. Comb on eighth segment
with 25 to 40 scales in irregular
patch. Air tube 3 X 1; pecten even,
reaching beyond one-third of tube,
followed closely by tuft of four to
six medium hairs;
apical setae
shorter than lateral valve. Anal
segment longer than wide, not
ringed by plate; anal gills pointed
and about as long as segment.
Riono&cs.-Craig
and Pienkowski (21) found canadensis near
Circle, and also they reported it to
be the dominant pest mosquito in
late July of 1955 at a locality near
Eielson Air Force Base. These are
the only records for the species from
Slaska
(map 9). They are of
special interest since the area between Eielson and Fairbanks was

Female.-M
e s o n o t u m ,gray
around sides with golden-brown
scales in middle, which sometimes
show faint dark lines. Postpronoturn with setae in single or irregular
double row along posterior margin.
Postcoxal scales present. Sternopleuron with scales not extending to
frontal b o r d e r. Probasisternum
without white scales on posterior
part. Lower mesepimeral bristles
two to seven. Hypostigial spot of
scales usually present. Abdomen
black with basal segmental white
bands. Wing
scales dark with
scattered pale scales extending from
base of costa to humeral cross vein.
Legs black lvith mixture of pale
scales; tarsi mostly black.
AlaZe genitalia
(fig. 36) .-Sidepieces about three times as long as
wide; apical lobe small, elongated,
and narrowly attached with few
short spines ; basal lobe small, elevated into transverse ridge at base
with row of long setae and slender
spine at margin.
Claspette lightly
hirsute except at apex; filament expanded in gradual
curve near
middle.
Larva
(fig. 3'7).-Both
pairs of
hea.d hairs single. Comb on eighth
segment in two irregular
rows.
Air tube about 3 X 1; evenly spaced
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PN-343

FIGURE

36.-Aedes
cataphglla
genitalia.

male

pecten teeth to hair tuft and three
to five widely spaced teeth beyond.
Anal segment with plate extending
well down sides; anal gills as long
or longer than segment.
Bionomics.-This
is a less common species found in central Alaska
from Anchorage north to Fairbanks and west to Teller (map 7).
‘
Larvae occur in shallow temporary
or semipermanent pools in Carex or
Calamagrostis
marshes.
During
1948 la,rvae were collected at nine
localities during the last week of
May and at one locality near Anchorage on September 15.

PN-a44

FIGURE 37.-Aedes

cataphylla larva.

scales and central patch of brown
scales on anterior surf ace.
(fig.
38) .-SideMale genitalia
pieces twice as
‘ long as wide, broad,
and sharply tapered to densely
spined apex. Clasper subapically
forked
arms of
inserted, with
unequal
length.
Claspette
two

Aedes cinereus Meigen
Aedes cinerms Me&en, System. Beschr.
Eur. Zweifl. Ins., v. 1, p. 13. 1818.

clothed
Female.-Mesonotum
with reddish-brown scales. postcoxal scale patch present. Probasisternum bare. Lower mesepimeral
bristles absent. Abdomen
black
without white bands or with narrow partial
or complete ones;
lateral spots usually joined to form
line. Wing scales dark. Legs dark
brown; coxa of front leg with white

PN-846

cinereus male genitalia.

FIGURE 38.-Aedes

THE
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branched with three spines at. apex
of each branch.
Larva
(fig.
39) .-Antennae
shorter than head. Upper head
hairs three to seven, lower two to
five, tufts
set close together.
Lateral abdominal hairs double on
first and second segment, single and
long on third to sixth. Comb on
10 to 12
eighth segment with
slender pointed scales. Air tube
about 3 X 1; pec.ten extending past,
middle of tube, last three or four
teeth detached! tuft with two or
three hairs; apical setae very short.
Anal segment longer than wide,
not ringed by plate; gills very long
and lanceolate.
Bionom&s.-This
species has
been taken in largest numbers near
Fairbanks,
but larvae have also
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been collected at Anchorage and
Valdez.
The species has also been
taken in the tundra zone at, Nome
;;:d.yzebue
(map 4).
Partially
shallow
semipermanent
pools in Carex and Calamagrostis
marshes are favored habitats for
the larvae.
At Fairbanks in 1948
fourth-stage larvae were collected
from May 26 through July 15 and
were most nmnerous about June 3.
Ko fourth-stage larvae were taken
at Anchorage until June 20, but
t.hey pe.rsisted until October 8 and
were most numerous on September
15. The species is easily recognized in the adult stage and has not
been observed to be a serious pest
in Alaska.

Aedes communis (DeGeer)
Culex communis
DeGeer, Jfem. Servir
Hist. Insectes, v. 6, p. 316, figs. 2
and 5. 1776.
Aedes prolixus Dyar, Insecutor Inscitiae
IkIenstruus 10: 2. 1922.

A-------

PN-646

FIGURE 39.-Aedes

OF

cinereu8 larva.

Female.-Mesonotum
dull yellovv
or gray scaled with narrow pale
median line separating paired darkbrown lines and with posterior
brown half lines. Coloration variable and may be brolvn scaled ten-.
trally with mixture of pale scales
and border of grayish-yello\v scales.
Postpronotum with setae in single
or irregular double row. Postcoxal
scale patch absent. Sternopleuron
with scales extending to frontal
border (fig. 30, B, p. 44). Probasisternum with posterior part bare.
Lower mesepimeral bristles two to
five. Abdomen dark brown with
basal white bands. Wings dark
scaled with patch of two or three to
many pale scales at base of costa.
Legs dark with femora partially
pale.
Male genita7ia (fig. 40) .-Sidepieces about three times as long as
wide ; apical lobe large, rounded.
with many long spinelike setae :
basal lobe small, quadrilateral
in
outline, partially detached at base,
surface with some small setae,
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Umiat, Kotzebue, and Teller. Larvae have been found in a wide variety of pools and appear to be able
to live in practically all shallow
pools that are temporary but last,
long enough for adult emergence.
Larval population density is often
as high as 500 per dip in Xphagnum-heath bog pools. At Anchorage in 1948 peak adult emergence
occurred about May 26 and in reduced numbers continued until the
last of June.
Some fourth-stage
larvae were found as late as September 15.
At Fairbanks
peak
adult emergence was reached about
June 6, and no larvae were found
after June 15.
The frequency of collection and
high population density of pools
producing communk may exaggerate the real importance of this spe-

PN-a47
E‘IGUTtE

40.-Aedes

communia

male

genitalia.

several larger curved ones and stout
spine on margin.
Claspette lightly
hirsute on basal half, apical half
more slender ; filament angularly
expanded to its maximum width
near base.
Larva
(fig. 41) .-Both
pairs of
head hairs single. Lateral abdominal hairs double on first to fifth
segment and single on sixth. Comb
on eighth segment with 50 to 60
scales in triangular
patch. Air
tube stout and about Sl/, X 1; pecten evenly spaced to near middle of
tube, tuft, of four to six hairs. ,4nal
segment longer than wide, plate extending only about two-thirds distance down sides, anal gills one to
three times length of anal segment.
Bionomics.--This
species is one
of the most common and widely distributed species in Alaska (map 1).
Although
it is predominantly
a
forest species, it has been taken at

PN-848
FIGURE 41.-Aedes

communis larva.
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ties. The high population density
tempts the collector to sample such
pools and pay relatively less attention to the vastly more numerous
pools where larvae are often hard to
find and where species other than
communis predominate.
This fact
combined with some evidence that
communis may not attack man to
any great extent (Hocking
65)
raises a serious doubt as to the
actual pest importance of the species in Alaska.

Aedes decticus Howard, Dyar,
and Knab
Aedes decticus Howard, Dyar, and Knab,
Mosquitoes of No. and Cent. Amer.,
v. 4, p. 737. 1917.
AecEespseudodiuntaeus Smith, Brooklyn
Ent. Sot. Bul. 47 :lY. 1952.

Fern&e.-Torus
with integument
dark brown or black. Occiput wit>11
white and pale-yellow scales, subdorsal patches of dark brown, and
scattered erect dark scales. Mesonotum with median brown stripes
separated by line of pale-yellow
scales; posterior half stripes usually distinct. Postcoxal scale patch
absent. Sternopleuron with 5 to 10
setae, of which a vertical line of 1
to 4 1sjust anterior to lower edge of
mesepimeron. Lower mesepimeral
bristles absent. Abdomen without
basal white bands or occasionally
with narrow bands on some seg.ments. Wing scales dark.
Legs
black with femora partially
pale
scaled.
nlnle genitalia (fig. 42) .-Sidepieces more than twice as long as
wide; apical lobe a flattened elongated oval extending almost to
basal lobe, ventral side with large
dense tuft of fine setae; basal lobe
with long spine at its base and two
curved spines on its apical projection. Claspette stout basally and
narrowed beyond curved shoulder
near apex, shoulder bearing small
setae; filament of claspette slender
at base, greatly expanded and ending in two small points.

PN-849
FIGURE

42.-Aedes

decticus

male geni-

talia.

Larva (fig. 43) .-Antennae
almost as long as head with one long
and two short setae at apex, antennae tuft just before middle. Upper and lower head hairs single or
double. Comb on eighth segment of
five to seven scales, each scale with
long median spine and fringe of
basal latera. spinules. Air tube 3 or
4 X 1; pecten extending to about
middle with one to three detached
teeth, hair tuft even with last
pecten tooth. Anal segment longer
than wide and nearly ringed by
plate.
Bionomics.-This
is a forest species recorded from larvae collected
in black spruce bog pools near Fairbanks and from quaking bog pools
in the Copper River Valley near
Chitina (map 9). Larvae taken at
the latter locality were reported by
Frohne and Frohne (40) to be associated with
Cd&eta
morsitarw,
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anterior to and below lower edge of
mesepimeron. Lower mesepimeral
bristles absent. Abdomen without
basal white bands or occasionally
with narrow bands on some of segments. Wing scales dark. Legs
black with femora partially
pale
scaled.
Male gerzitalia (fig. 44) .-Sidepieces more than twice as long as
wide; apical lobe conical, well developed, projecting mesally, ventral side at base with dense group
of fine long setae; basal lobe with
long stout spine at its base and two
broad stout spines on its apical proClaspette broad basally
jection.
and constricted beyond middle to
projection
form
sharp angular
bearing several small setae; filament greatly expanded and ending
in recurved point.
Larva (fig. 45) .-Antenna longer
than head with three setae of equal
length at apex, antenna1 tuft with
few hairs near middle.
Upper
head hairs two to five; lower two
to three. Comb on eighth segment

43.-Aedes decticzcslarva.

Czc2exterritans, and several species
of Aedes. At Fairbanks fourthstage larvae were taken on May
29. Adults believed to be decticus
were collected at Fort Yukon on
July 5.

Aedes diantaeus Howard, Dyar,
and Knab
Aedes diantaeus Howard, Dyar, and
Knab, Mosquitoes of No. and Cent.
Amer., v. 4, p. 758. 1917.

Female.-Torus
with integument
of outer side yellow to light brown.
Occiput with pale-yellow
scales.
Mesonotum with narrow median
brown stripes separated by faint
line of yellow scales; posterior half
lines indistinct; sides pale yellowish. Postcoxal scale patch absent.
Sternopleuron with 12 to 20 setae,
of which a patch of 7 to 12 is just

PN-861
FIGUBE

44.-Aedes
diantaeus
genitalia.

male
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June 10 and at Anchorage
May 10 until October 8.

from

Aedes excrucians (Walker)
CuZex excrucians Walker, Insecta Saundersiana. Diptera, v. I, p. 429. 1856.
.-ledes alopomotunt Dyar,
Insecutor
Inscitiae Menstruus 5 : 98. 1917.

:
PN--862
FIGURE

45.-Aedes

diantaeus

larva.

with about 6 to 13 scales, each scale
a long median spine without lateral
fringe of spinules. Air tube about
1 X 3 ; pecten extending to about
middle with one to three detached
teeth followed by tuft of long hairs.
Anal segment longer than wide,
nearly ringed by plate.
BiorLomics.-This is a forest species, of which small numbers of larvae have been collected near ,4nchorage, Big Timber, Chitina, and
Fairbanks (map 4).
Larvae tend
to be associated with iledes pwnctor
in semipeimanent pools or along
the shallow marshy margins of permanent pools and ponds. Fourthstage larvae have been taken at
Fairbanks
from May
26 until

FemnZe.-Torus
with inner surface predominantly
white scaled.
Mesonotum yellowish white with
median brown stripe, varied pattern of brown and white scales or
completely reddish-brown
scaled.
Mesepimeral
bristles
absent or
rarely there may be one. Abdomen
black with basal segmental white
bands and frequently with scattered white scales. Wings predominantly dark scaled with pale scales
intermixed.
Legs black with tarsal white bands broad on hind legs
and usually absent on last segment
of midtarsus and last two segments
of fore tarsus; tarsal claw large
with tooth long and parallel (fig.
46, B).
Male gen.itdia (fig. 46, A) .Sidepieces about three times as
long as wide; apical lobe prominent
with small setae; basal lobe slightly
raised, rugose, and extending to
base of apical lobe, surface covered
with short setae. Claspette hirsute
except at apex; filament angularly
expanded to sharp point near base.
Lartqa (fig. 47) .-,4 n t e n n a e
shorter than head.
IJpper head
hairs triple, lower usually double.
Lateral
abdominal hairs usually
double on first and second or third
segment and single on rest. Comb
on eighth segment of about 20 to 25
scales in triangular patch. Air tube
slender? abut 4 X 1; pecten not
reaching middle with last two or
three teeth detached, tuft even with
last pecten tooth; lateral valve with
hook-shaped setae at, apex. Anal
segment, longer than wide, plate
extending well down side; anal gills
slightly longer than segment.
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merous and troublesome.
The
habit of biting during warm sunny
afternoons when few other mosquitoes are active increases the pest
importance of this species. Populations are more localized than those
of the dark-legged species, at least
during years when mosquitoes are
exceptionally numerous. They are

PN-853
FIGURE 46.-Ae&es escruciarts: A, Male
genitalia; B, claw of female.

Bionomics.-This
species
is
widely distributed through low forested areas from Wrangell north to
Fort Yukon a.nd west to Naknek.
In the northwest it has been collected at Kotzebue and Noatak
(map 5). Larvae are prevalent in
semipermanent pools containing an
emergent cover of Carex rostrata
and Equisetum y%uviatile or in tidal
A waflats containing Triglochin.
ter depth of 8 to 12 inches is favored. Peak adult emergence occurs at Anchorage near the first of
June and about 2 weeks later at
Fairbanks.
The species is thus near
the end of the Aedes species succession series. Of the five band-legged
species, it appears to be the most nu-

PN-864

FIGURE 47.--Be&es excrucians larva.

most numerous near rivers in areas
where there are extensive marshlands.
Aedes #it&ii

(Felt

and Young)

Culex fitchii Felt and Young, Science
( ILS.) 20 : 312. 1904.

Female.-Torus
with white scales
on dorsal half. Mesonotum yellowish white to light brown with broad
median brown stripe or variable
pattern of brown and light scales.
Lower mesepimeral bristles none t,o
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two, rarely three or four. Abdomen black with basal white bands,
sometimes with apical white scales
that may extend into median white
line. Wings dark scaled, usually
with admixture
of white scales
along costa. Legs black; tarsi with
basal white bands on all except last
two segments of fore tarsus and
first segment of midtarsus, white
bands broader on hind legs; tarsal
claw with short tooth not parallel
with claw (fig. 48, B) .
Male genitalia
(fig. 48, A) .Sidepieces about three times as long
as wide; apical lobe prominent and
slightly elongated, surf ace clothed
with long setae bordered by number
of short ones ; basal lobe triangular,
densely tubercular with many setae,
those at margin of base longer and
preceded by
spine.
Claspet te
lightly hirsute except at apex; filament short and sickle shaped with
notch at base.
Larva
(fig. 49) .-Upper
head
hairs two to four, lower two to
three. Lateral
abdominal
hairs

PN-856
FIGURE 49.-Aedes

PN-855
FIGURE 48.-Aedes fit&ii: A, Male
talia; B, claw of female.

geni-

fit&i

larva.

usually double. Comb on eighth
segment with many scales in triangular patch. 4ir tube slender
and tapering, four or more times
longer than wide; closely set pecten
teeth to middle of tube, occasionally
with one or more teeth slightly detached, tuft of three to five long
hairs set close to end of pecten;
apical setae as long as lateral valve.
Anal segment longer than wide,
plate extending well down sides at
base; anal gills long and pointed.
Bionom&.-This
species has
been collected at scattered localities
from Cook Inlet north to Fort
Yukon, west to Naknek, and in the
northwest at Kotzebue and Kivalina, but it appears to be most
numerous south of the Alaska
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R,ange (map 8). Larvae occur in
semipermanent
pools overgrown
with Carex rostrn.tlx or l7guisetum
fthviatile and are usually found in
association with larvae of 2lede.s
exc?Wciccns. Fourth
instars have
been collected at Fairbanks from
May 19 to June 15 and at Anchorage between May 17 and June 3.
Nowhere does the species appear to
be as common as ex:cmccicm~.

Aedes Ravescens (Miiller)
CuZe;z: flauescen,s Miiller,
Fauna Insect.
Fridrichsdalina,
p. 87. 1764.

Fern&e.-Torus
with dark and
light scales. Mesonotum with golden-brown scales. Lower mesepimera1 bristles usually absent. Abdomen completely covered with
dull-yellow
scales or interspersed
with irregular areas of dark scales.
Wing with mixture of black and
pale-yellowish
scales, pale scales

PN-858

FIGURE 51.--Belles
predominating

PN-857
FIGURE SO.--Cedes
fiavescens:
A,
genitalia ; B, claw of female.

Male

from

flavescens

larva.

base of costa to

humeral cross vein. Legs brown
with mixture
of yellow scales;
tarsi with broad basal white bands;
tarsal claw elongate with short
blunt tooth (fig. 50, B).
Male genital&z (fig. 50, A) .Sidepieces more than two times as
long as wide; apical lobe prominently rounded with many setae;
basal lobe a rugose slightly elevated
area with many setae, stout spine,
and several long setae near base, lobe
ext,ending nearly to base of apical
lobe. Claspette
lightly
hirsute
with three stout setae on inner margin of base; filament angularly expanded to rounded point near base.
Lcrrvu (fig. 61) .-Upper
head
hairs usually three to four, lower
usually double. Comb on eighth
se’gment with about 20 to 28 scales,
eac.11scale with long central spine
and small basal spinules. Air tube
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tapering, about 3 X 1; pecten reaching nearly to middle with or without one or two detached teeth.
,4nal segment slightly longer than
wide; anal gills about as long as
segment.
Bion,omics.-In
Alaska this species is known only from the Cook
Inlet area, whe,re it may be locally
abundant on or near tidal flats
(map 7).
Larvae occur in shallow
pools containing emergent TGg70The pools orichin and Scirpus.
ginate from melting snow and ice
but may be maintained by seepage
and may be covered by the highest
summer tides. In 19-28 fourtlistage larvae were most numerous
about June 8. ,4dults lvere prevalent from June 14 through July 31
and persisted in reduced numbers
through i4ugust 18.

Aedes hexodontus Dyar
Aecteshexodontus Dyar, Insecutor
tiae Menstruus

4

Insci-

: 83. 1916.

Few&e.-Mesonotum
yellowish
to light golden brown with paired
dark-brown lines and posterior half
lines. Postpronotum with seta”ein
single or irregular double row along
posterior margin.
Postcoxal sca1e.s
present. Sternopleuron with scales
extending to frontal border.
scutellum with yellow or bronzy bristles. Probasisternum
Kith white
scales on posterior part.
Lower
mesepimeral bristles two or three.
Abdomen black with basal segmental white bands. Wings dark
scaled with pa,tch of two or three
to many pale scales a.t base of costa.
Legs black with femora partially
pale scaled.
Aedes hexodontus as described
above has not been found in Alaska
but has been take.11as far north as
Prince Kupert, British Columbia.
Knight (80) stated that hexodontus
“appears to have at least two general varieties that are based on both
adult (female) and larval characters,” but concludes that more lar-

OF

ALASKA

val associated females will
be
needed to esta.blish the validity of
these two forms.
In the “tundra” variety taken at
Umiat the mesonotum is brown and
the “darker markings are absent or
poorly demarcated.”
The wings
usually have a patch of white scales
on the costa. Other characters are
the same as described above.
Male genita7k
(fig. 64, p. 67) .Sidepieces three times as long as
broad; apical lobe long and ro&ded with short curved setae; basal
lobe flatly conic,al with numerous
set,ae and long curving spine near
base. Claspette
pilose,
slightly
curved, and exnanded near middle:
filament slio&r than . stem, slightly
exnanded at middle. and terminating in curved point. The characters of the male genitalia of this
species are the same as those of
A. punctor.
L&vu.
(fig.
52) .-Upper
and
lower head hairs single to triple.
Lateral abdominal hairs single to
triple on first to sixth segment or
rarely four to six branched on

PN-869
FIGURE

52.-Aedes

hexodontus larva.
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second segment. Comb on eighth
segment with 5 to 9 or rarely 10
scales in row. Air
tube 3x1;
pecten not quite reaching middle of
tube. Anal
segment ringed by
plate or very narrowly open ventrally.
Bionornics.-This
is typically a
tundra species, which is common
in northern and northwestern Alaska and south along the Bering Sea
to Naknek (map 7).
‘
It is also present in the Alaska
Range and
Chugach Mountains above or at
least near the tree line. Larvae
prefer
semipermanent
pools in
Carex or CaZamagrost& marshes
and are often taken in association
with larvae of Aedes pullatus, communis, and occasionally impiger or
pun&or.
Larvae
‘
of hexodontus
resemble punctor very closely, but
whenever the two were collected
together, hexodontu.s was always
more nearly mature.
At Umiat,
hexodontzcs larvae
were always
found in pure culture (Knight 81).
The adults are strong fliers and
remain active at wind speeds up
to 10 miles an hour. This species
is responsible for much of the severe
mosquito annoyance prevalent in
the t,undra-covered areas of Alaska.

Aedes impiger (Walker)
GuZes impiger Walker, List of Dipterous Insects in Brit. Mus., pt. I, p. 6.
1848.
Aedes near&b8
Dyar, Canad. Arctic
Exped. Rpt. 3(C), p. 32. 1919.
Aedes impiger, Vockeroth, Canad. Ent.
86: 109. 1954.
Xot impiger of authors.

Fern&e.-Mesonotum
black and
sparsely covered with bronzy-brown
scales with or without mixture of
yellowish-white scales around sides,
entire surface with many black
bristles. Postpronotum with scales
scattered over posterior half. Postcoxal scale patch present. Lower
mesepimeral bristles three to eight.
Abdomen black with basal segmental white bands. lying scales
dark with pale scales extending

FICXJRE 53.-A&es

impiger:

A,

Male

genitalia; B, claw of female.

from base of costa to humeral
cross vein. Leps black wi th femora
and tibiae pa&ally
pale scaled;
tarsal claw sharply bent with slender tooth (fig. 53, B) .
Male
genitalia
(fig. 53, A) .Sidepieces about 3$4 times as long
as wide; apical lobe rounded. surface with &few small setae : basal
‘
lobe conically sloped to basil edge
with long setae and spine at margin,
rest of surface bare or with few
small setae. Claspette hirsute on
basal half; filament angularly expanded to its maximum width near
base.
Males of impiqey and aedes nigripes may b6 separated by the
shape of the hind tarsal claw, which
is the same in the males as’in the
females.
Lawn
(fig. 54) .-Both
pairs of
head hairs single. Lateral abdominal hairs multiple on first segment
and double on second to fifth. Comb
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Where irn@ger occurs, it is the first
species to emerge. In 1947 emergence at, Umiat started about June
22 and continued until July 7
(Jachowski and Schultz 75).

Aedes implicatus Vockeroth
Vockeroth, Canad. Ent.
86: 110. 1954.
Aedes impiger of authors, not Walker.
Aedes implicates

PN-861

FIGUBE 54.--Be&es irnpiger larva.

on eighth segment of 8 to 16 scales,
each scale with long central spine
and series of smaller basal lateral
spines. Air tube about 21/2 X 1;
pecten equally spaced on basal third
and followed by multiple
tuft.
Anal segment as long as wide ; anal
gills stout and several times length
of segment.
Bio~omics.---This
is typically a
tundra species common in northwestern and northern Alaska (map
8). Larvae have been collected at
localities in the Alaska Range and
Chugach Mountains well below the
tree line, but it is doubtful that the
species is abundant except at higher
elevations. At Umiat larvae have
been taken from pools in Xphagnurn-heath bogs. Farther
south
collections have been made f,rom
temporary pools in Carex marshes.

Female.-Mesonotum
with median oblong area of brown scales,
usually in form of broad stripe or
paired stripes ; margins I grayish
white. Postpronotum
with setae
in single or irregular double row
along posterior margin.
Postcoxal
scales present. Sternopleuron with
scales not extending to frontal
border (fig. 30, A, p. 44). Probasisternum without white scales on
posterior part. Lower mesepimeral
bristles one to three, or rarely with
none. Hypostigial
spot with or
without white scales. Abdomen
with basal white bands.
Wing
scales dark with patch of two or
three to many pale scales at base
of costa. Legs black with femora
pale beneath.
Male genitalia (fig. 55) .-Sidepieces about four times as long as
wide. Filament of claspette angularly expanded to sharp point at
base. Other characters as in Aedes
cataphylla, page 49.
Larva (fig. 56) .-Antennae
short
and spined. Upper and lower head
hairs single. Lateral
abdominal
hairs double on first to fourth segment and single on fifth and sixt,h.
Comb on eighth segment with 15
to 25 scales, each scale with median
spine and lateral basal fringe of
slightly
smaller ones. Air tube
about Sl/, X 1; closely set pecten
teeth not reaching middle and followed by tuft of three or four hairs.
Anal segment longer than wide,
plate extending well down sides
an d covered with minute spines;
anal gills one to two times as long
as segment.
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Bionomics.--This
species is common in central Alaska (map 3).
It has been recorded from as far
south as Juneau and from Kotzebue
in the northwest.
It breeds in a
variety of temporary pools, and it
appears to be the first species in
the succession series. Adult’ emergence reaches a peak at Fairbanks
near the end of May and 2 to 3
weeks earlier at Anchorage.
During 1948 it was thought to be the
fourth most numerous species at
Fairbanks, where it was observed
to be active and biting when the
sun was bright and the temperature
above 80” F. At such times it was
frequently. the only dark-legged
Aedes in flight.

Aedes intrudens Dyar
Aedes intrudens Dyar, Insecutor Inscitiae Menstruus 7: 23. 1919.

Fern&e.-Flagellum
without
white scales on ventral side of first
Mesonotum
segment.
bronzy
brown with gray scales around margins and rarely with indications of
median brown stripes. Postcoxal
scale patch a.bsent. Sternopleuron
with scales not extending to frontal
border. Posterior part of probasisternum bare. Lower mesepimeral
bristles none to four.
Hypostigial
spot of scales present or absent.
Abdomen black with broad basal
white bands. Wing
scales dark
with or without small pa,tch of pale
scales at base of costa. Legs with
mixture of pale and dark scales;
tarsi mostly black.
Male genitalia (fig. 57) .-Sidepieces about three times as long as
lobe prominently
wide ; apical
rounded with numerous rather long
setae ; basal lobe represented by
large spine at base of one side and
two spines on raised projection on
other. Claspette with basal half
hirsute and forming sharp projection ending in stout setae at middle,
apical half slender; filament angu-
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shortest duration of the pools in
which mosquito larvae
can be
found. At Fairbanks in 1948 peak
abundance of fourth-stage larvae
was reached about May 26, and the
pools were dry in advance elf peak
emergence for either Aedes communis or punctor. Larval population density seldom exceeded two
per selected dip, but t-he vast number of pools in which larva could
develop suggested that the adult
population of intrudens might exceed that of comnmnis or punctor.
which originated from more con:
gested larval populations restricted
to the relativelv small number of
pools that persisted after June 5.
14dult collections made in 1948 and
subsequent years when the pools
that produce intruders were dry
before the end of May confirmed
the relatively greater abundance of
in trudens in 1948.
1

larly expanded to sharp point at
middle.
Larva (fig. 58) .-Antennae shorter than head. Upper head hairs
usually four, lower two or three.
Lateral abdominal hairs double on
first segment and single on second
to sixth. Comb on eighth segment
of IO to 16 scales, each scale with
long median spine. Air tube 21/2
X 1; pecten reaching middle with
two or three detached teeth followed by tuft of five to seven hairs;
apical
setae barely
discernible.
14nal segment longer than wide,
plate extending to near ventral line
and ventral margin deeply incised;
anal gills short and bluntly pointed.
Bimomics.-This
is believed to
be an important pest species in the
Tanana watershed of central Alaska (map 5). Only a few larvae
have been found near Anchorage.
Temporary snowmelt pools in the
more open areas of black spruce
muskeg are. preferred larval habitats. Such pools are usually overgrown with Carex or Calamagrostis
and are the most shallow and of
53518100-61-5

F1aus~

58.--Be&es intrudens

larva.
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Aedes &gripes (Zetterstedt)
CuZea: nigripes Zetterstedt,
Insecta Lapponica, p. 807. 1838.
Aedes alpinus of authors (not Linnaeus) .

Female.-Mesonotum
b 1a c k ,
sparsely covered with bronzy-brown
scales or rarely with indications of
median dark lines, sides with or
without yellowish-white scales, entire surface covered with many
black bristles.
Postcoxal scale
patch present. Lower mesepimeral
bristles one to five. Abdomen
black with basal segmental white
bands. Wing
scales dark with
pale scales extending from base of
costa to humeral cross vein. Legs
black with femora and tibia partially pale scaled ; fore tarsal claw
with tooth about one-fourth as long
as claw and not parallel (fig. 59, B) .

PN-867

FIGURE 60.-Aedes

PN-866

FIG~TRE 59.-Aedes
nigripes : A, Male
genitalia ; B, claw of female.

nigripes larva.

Male genitalia
(fig. 59, A) .Sidepieces over three times as long
as wide; apical lobe small with few
short fine setae; basal lobe conically
sloped to basal edge with large
spinelike setae on outer margin and
smaller ones on inner part.
Claspette hirsute except on curved
apex; filament about same length
as stem, roundly expanded and ending in curved point.
Lama
(fig. 60) .-Upper
and
lower head hairs single. Lateral abdominal hairs multiple on first and
second segments and double on
third to seventh. Comb on eighth
segment with 15 to 18 scales. Air
tube about 21, X 1; pecten reaching
beyond middle, last three teeth detached, hair tuft bas#adof last pecten
tooth. Anal segment ringed by
plate;
anal
gills
longer
than
segment.
Bionon&s.-This
is a typical
tundra species, common along the
coast from Teller north to Point
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Barrow and on the arctic side of
the Brooks Range (map 9). It is
the only species so far known from
Point Barrow.
Larvae have been
collected near Summit Lake in the
Alaska Range and at Thompson’s
Pass in the Chugach Mountains.
From these records it appears likely
that nigr+pes occurs rather generally in mountain localities above
the tree line. It is one of the three
or four species that contribute to
the mosquito problem in northern
Alaska.

Aedes pionips Dyar
Dyar, Insecutor Irwcitiae
Menstruus 7‘ : 19. 1919.

Aedes pimipa

Female.-Mesonotum
with dullyellow or white scales, two broad
well-defined dark-brown stripes sand
posterior half lines, median stripes
separated by line of pale scales.
Postpronotum with setae in single
or irregular double row along posterior
margin.
Postcoxal
scales
present. Scutellum with both dark
FIGURE 61.--Bedes pionips larva.
and light-colored
bristles. Probasisternum with white scales on
pecten evenly spaced, not reaching
posterior
part.
Lower
mesepimiddle and followed by large multimeral bristles one to four, or rarely
ple tuft.
Anal segment about as
with none. Abd omen with or withlong as wide, with plate reaching
out narrow basal white bands.
Wing scales dark with small pa,tch only about half distance down
of pale scales at base of costa. sides and with notched lateral
edges, spines on apex of anal plate
Legs black with femora partially
short and slender; anal gills longer
pale scaled.
than segment.
J1aZe genitalia.-The
sidepieces
Bionomics.-This
species is wideare slight,ly longer than those of
ly
distributed
throughout
t,he
Aedes communis (fig. 40, p. 52).
forested lowlands from Cook Inlet
There are no other taxonomic difnorth to the Yukon River (map 6).
ferences in the genitalia of these
In the northwest it has been coltwo species.
lected beyond the tree line at KivaThe presence of the postcoxal
lina. Larvae have be,enfound often
scale patch in pionips males may
in temporary
or semipermanent
be used to separate them from the
pools in sphagnum-heath
bogs
communis males in which the patch
roadside ditches, tractor tracks, Iand
is absent.
other small shallow bodies o,f water
Larva (fig. 61) .-Antennae
long
in
recently
disturbed
ground.
and well spmed. Upper head hairs
usually five, lower four.
Comb on The species is rat,her common near
eighth segment with 60 to 'r0 scales, Anchorage but rare north of the
each scale with even fringe of
Alaska Range. Fourt,h-stage larvae
spinules. Air tube about 21;/,X 1;
have been collected at Fairbanks be-
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tween May 28 and June 13 and at
Anchorage from May 15 to July 27.
Peak adult emergence occurs from
8 to 10 days later than that of
communis.

Aedes pullatus

(Coquillett)

Culex pullatus Coquillett,
Sot. Proc. 6: 168.

Wash.

Ent

1904.

Female.-Mesonotum
with paleyellowish to yellowish-blrown scales,
two median stripes being sometimes
indistinct
or absent. Postpronotum with setae in single or irregular
double row. Postcoxal scale patch
absent. Sternopleuron with scales
not extending to frontal border.
Probasisternum bare. Lower messpimeral bristles one to five. Hypostigial spot of many white scales.
Abdomen black with basal white
bands. Wings dark scaled with
line of pale scales extending from
base of co&a to humeral cross vein.
Legs black with femora and tibiae
partially pale scaled.
Ma2e genitalia (fig. 62) .-Sidepieces about 31/ times as long as
wide; apical lobe prominent and

PN-870
FIGURE

PN-869
FIGHT

62.--Ae&es

puRatu8 male

genitalia.

63.-de&es pzcllatuslarva.

somewhat elongated, ventral surface covered with numerous setae ;
basal lobe represented by large
spine at margin and two a,djacent
smaller spines. Claspette with basal half large, hirsute, and forming rounded projection at middle,
apical half slender; filament angularly expanded to roanded point
near middle.
Larva
(fig. 63) .-Upper
head
hairs three to six, lower two to four,
hairs short and tufts set close together. Latera.
abdominal hairs
long and double or triple on first to
fifth segment and single on sixth.
Comb on eighth segment wit.1~many
scales in triangular
patch. Air
tube 3 X 1; pecten teeth closely set,
not reaching middle, closely fol-
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owed by large 6- to I-haired
‘
tuft;
apical setae shorter than lateral
valve. Anal segment longer than
wide, not ringed by plate, spines on
apex of anal pla.te long and slender ;
anal gills usually two or three times
longer than anal segment.
%ionomics.-This
s p e c i e s is
found throughout Alaska in areas
near the tree line; however, larvae
have been collected at Wrangell and
Valdez at near sea level (map 4).
Small clear snowmelt pools in
Carex meadows produce larvae in
greatest numbers. The degree of
development shown by associated
larvae, and Frohne’s
observation
(38) that larvae were abundant in
pools in McKinley
Park when
swarms of male Aedes communis
and impiger were already present,
pullatus
indicate
that
emerges
somewhat later than hexodontus,
punctor, impiger, and communis.
Records suggest that pullatus is
one of the most important pest species in the Chugach Mountains and
Alaska Range at elevations above
2,000 feet.
Aedes punctor (Kirby)
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The taxonomic status of punctor
is confused by the existence of a
remarkable varia&tion of structure
in the larvae and of color and scale
pattern in the adults. Larvae of
the form prevalent along the southern coast are smaller, the anal plate
does not form a complete ring, and
the anal gills are short. This form
has been treated by Knight
(81)
and Frohne
(31) as a distinct
species, pt.vwtodes Dyar.
However, there is so much intergradation of the distinguishing characters that we have chosen to treat
pun&odes as a synonym of pun&or.
Among the adults there is #also an
apparent difference, which distinguishes the tundra
populations
from those of the forested areas.
The “tundra” variety has the torus
all dark and the mesonotum brown
scaled, with darker markings absent
or nearly so. The form from the
forested area as described above has
the torus paler laterally and the
yellowish mesonotum marked with
paired brown stripes.
Male genitaZia (fig. 64) .-The
characters of the male genitalia of

punctor
Kirby, Fauna BorealiAmer., pt. 4, p. 309. 1837.
Aedes
cyclocerclulus
Dyar, Insecutor
Inscitiae Menstruus 8: 23. 1920.
ibid 8: 24.
Be&es Zeuconotips Dyar,
1920.
Aedes punctodes Dyar, ibid 10: 2. 1922.
Culex

Fenzccle.-Torus light brown to
black. Mesonotum pale yellow to
yellowish brown with paired darkbrown stripes and posterior submedian half stripes present or absent.
Postpronotum with setae in single
or irregular double row along posterior
margin.
Postcoxal
scales
present. Sternopleuron with scales
extending to frontal border. Probasisternum with few or no scales.
Abdomen black with basal segmental white bands. Wings completely dark sealed or with few
pale scales at base of co&a. Legs
black, femora and tibia with or
without scattered pale scales.
551810 o-61-6

FIGURE

64.-Aedes

punctor

talia.

male geni-
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this species are the same as those
of Aedes hexodontus, page 59.
Larva (fig. 65) .--14ntennae short
and spined. Upper and lower head
hairs single or double. Lateral abdominal hairs usually single or
double on first to sixth segments.
Comb on eighth segment with IO
to 19 stout scales in irregular row.
Air tube 21/2 X 1; pecten fine and
not reaching middle of tube, tuft
centrally
placed. Anal
segment
ringed by plate or narrowly open
ventrally; anal gills 11/s to 3 times
as long as ana. plate.
Bionomics.-The
typical variety
of pun&or is common throughout
the forested areas of central Alaska,
and the “tundra” variety has been
taken at Umiat,
Kotzebue, and
Naknek (map 2). The pwnctodes
form is abundant in the coastal area
from Cook Inlet southeastward at
least as far as Juneau. Over most
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of central Alaska pun&or is one of
the species most frequently encountered in larval collections. Shallow semipermanent pools in Sphagnum-heath
bogs and Carex or
Calamagrostis marshes are favored
larval habitats.
Population densities are often as high as 300 per
dip. In southern and central Alaska larvae
were usually found
associated with those of Aedes
communis and pionips.
At Umiat,
Knight
(81) found larvae of the
“tundra”
variety
in Sphagnumheath pools, which otherwise contained
only
Aedes
nearctkus.
Frohne (36) reported that larvae
of the “tundra” variety of punctor
were more numerous than those of
any of the other species found at
Naknek during May and June of
1954 and that hatching started on
April
23. In 1948 fourth-stage
larvae of the typical variety were
collected from May IO through
September 15, with peak abundance
during the first half of June. At
Fairbanks fourth-stage larvae were
found from May 24 through July 19,
with peak abundance about June 5.
At Umiat, Knight
(81) observed
peak abundance near the end of
June.

Aedes ripurius Dyar and Knab
riparius
Dyar and Knab, N.Y.
Ent. Sot. Jour. 15 : 213. 1907.

Aedes

!

PN-872

FIWRE 65.-_4edes pun&or larva.

Female.-Torus
with inner surface predominantly
dark scale,d.
Mesonotum
with
golden-brown
scales and few yellowish-white
scales around margins.
Mesepimeral bristles absent. Abdomen
usually with evenly intermingled
dark and white scales with or without partial
basal white bands;
venter white scaled or with inregular
dark-scaled
medium
areas.
Wings predominantly dark scaled
with pale scales intermixed.
Femora, tibiae, and first tarsal segments
largely pale scaled, tarsi with basal
white bands, which are broader on
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hind legs; tarsal claw with short
tooth not parallel with claw (fig.
66, 23).
Male genitazia (fig. 66, A) .Sidepieces about three times as long
as wide; apical lobe prominent and
rounded with many curved setae;
basal lobe projected in long cone
shape at right angles to sidepiece,
surface with many setae apically
and stout spine at margin with long
setae adjacent to it. Claspette
lightly hirsute.; filament angularly
expanded to its maximum width
near base.
Larva (fig. 6’7) .-Antennae shorter than headd. Both pairs of head
hairs usually double. Comb on
eighth segment with seven or eight
thornlike scales in irregular row.
Air tube about 3 X 1; pecten reaching nearly to middle with last two
t,eeth detached a.nd followed by
three-haired
tuft ; a,pical setae
barely discernible. Anal segment
with plate nearly reaching ventral
line near base; anal gills short and
pointed.
FIQUBE 6’7.-Aedes

ripam% larva.

Bionomics.-Records
for
this
species are based on adults
‘
collected
at several localities in the Yukon
basin of central Alaska (map 7).
It appears to be a rare species
found in the vicinity
of black
spruce muskeg. Its large size and
golden color make it conspicuous
among the innumerable
smaller
dark Aedes.

Aedes stimulans (Walker)
Culex stirnuihns Walker, List of Dipterous Insects in Brit. Mus., pt. I,
p. 4. 1848.

PN-373

FIQURE

66.-de&es riparhs:
A, Male
genitalia ; B, female claw.

PemaZe.-Torus
with or without
white scales on dorsal half.
Mesonotum yellowish white to light
brown with broad median brown
stripe of variable pattern of brown
scales. Lower
mesand light
epimeral bristles three or four,
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PN-876
FIGURE

68.--Be&es

stimulans

male

genitalia.

rarely one or two. Abdomen black
with basal segmental white bands.
Wings completely dark scaled or
with admixture of white oneS along
costa. Legs black, tarsi with basal
white bands on all except last two
segments of fore tarsus and first
segment of midtarsus, white bands
broader on hind legs; tarsal claw
with short tooth not parallel to
claw.
Male genitdia
(fig. 68) .-Sidepieces about three times as long as
wide; apical lobe with rather long
setae; basal lobe low rounded with
many short setae and stout marginal spine. Claspette hirsute except at apex; filament thin and angularly expanded to sharp point at
middle.
Larva
(fig. 69) .-Upper
head
hairs three or four, lower two or
three. Mesothoracic hair No. 1
double or triple.
Comb on eighth
segment with about 22 to 35 scales,
each scale with median spine and
series of smaller lateral ones. Air
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tube about 3 X 1; pecten teeth extending nearly to middle; apical
setae shorter than lateral valve.
Anal segment longer than wide with
plate extending well down sides;
anal gills about as long as segment.
Aedes stimzdans larvae taken in
Alaska have three or four upper
and two lo,wer head hairs instead of
two upper and one lower as in stimduns larvae taken farther south.
Dyar described larvae having the
larger number of head hairs as
Aedes mercurator, but this species
has since been considered a synonym
of stinxdans by Dyar and other
authors.
Bionomics.--This
species is rather common near Fairbanks and has
been taken at several localities between the Chugach Mountains and
Alaska Range (map 6). Larvae are
found in semipermanent pools overgrown with Equivetum fEwviat& or
Potentilla palustrk
Fourth-stage
larvae have been collected at Fair-

PN-876
FIGURE 69.-Aedes

stimul&lts larva.
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banks between June 3 and 12. The
development period coincides with
that of Aedes pun&or, and data obtained in 1948 indicate that adult
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emergence is virtually complete before the two other band-leg ed
species, Aedes excrv.ham and fitc%ii,
reach peak emergence.

CULISETA

KEYS

TO

71

ALASKA

FELT

SPECIES

Adults
1. Femora with distinct subapical white rings_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ purticeps, p.
Femora without subapical white rings____________-_______-------2. Sternopleuron with scales extending to frontal border; torus with white
scales________________________-_____________-_____--------__
Sternopleuron with white scales not extending to frontal border; torus
without white scales_______________________________
__________
3. Tarsi with narrow white rings on some segments; cross veins without
incidens,p.74
scales__________________-----_________-----_____-_-_-----_
Tarsi with broad white rings; cross veins with scales___ _ _ _ _ _ _ _ _ alaskaensis, p.
4. Tarsi with pale-white rings at both ends of tarsal joints; wings without
spots____________________----______--------_____----_---morsituns, p.
Tarsi without white rings; wings with faint spots-._ _ _ _ _ _ _ _ _ _ _ _ _ _ imputiens, p.

75
2
3
4
72
76
73

Larvae
1. Air tube with normal pecten teeth on basal fourth not followed by long
morsituns,
hairs___________________________----__________--------___
Air tube with normal pecten teeth near base followed by series of long
hairs extending beyond middle_____________________----------2. Upper and lower head hairs multiple and about equal in number and
length____________________________---___________------___
imputiens,
Upper head hairs short and multiple, lower longer and less numerous _ _
3. Postclypeal hairs four to five branched and about as large as head
hairs; posterior margin of anal plate with short spines at apex near
dorsal brush__________________________________________-___
purticeps,
Postclypeal
hairs smaller and more delicate than head hairs; anal
plate without spines_______________-_----________-----_--_-__
4. Antennae pigmented and prominently
spined; anal plate pierced by
two or three tufts_______________________________-------_
ulaskuensis,
Antennae not pigmented and not prominently spined; anal plate either
without or pierced by one or two tufts_______________--_______
in&dens,

p. 76
2
p. 73
3

p. 75
4
p. 72
p. 74

Male Genitalia
1. Apical lobe absent__________________________________________
morsituns,
Apical lobe present_____________----_----____------______-----2. Eighth segment with row of 20 to 40 short spines on basal margin;
basal lobe large with single spinelike setae___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ impatiens,
Eighth segment with less than 12 spines on basal margin; basal lobe
with2or3spines_____________________--__-_-__________--_-3. Apical lobe with many setae and one spine_--- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ in&dens,
Apical lobe with setae only________________---------____-------4. Eighth segment without spines or with single short spine at center of
basal margin______________________________________________
particeps,
Eighth segment with about eight stout spines _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ alaskaensis,

p. 76
2
p. 73
3
p. 74
4
p. 75
p. 72
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Culiseta alaskaensis (Ludlow)
Theobaldia alaskaensia Ludlow,
Ent.

38: 326.

Canad.

1906.

Fern/ale
( frontispiece) .-Torus
white scaled. Flagellum with first
segment white scaled ventrally.
Mesonotum with even mixture of
brown and white scales, sometimes
ma.rked with pair of median white
spots. Sternopleuron
with scales
extending to frontal border. Abdomen black with basal segmental
white bands. Wing scales dark,
scales forming spots at base and
fork of second vein, along cross
veins, at base and fork of fourth,
upper fork of fifth, and middle of
sixth veins. Legs black with wide
basal white bands that are broadest
on hind legs.
Male gerdalia
(fig. 70) .-Sidepieces more than twice as long as
wide; apical lobe a low rounded
area densely covered with small
setae; basal lobe large, conical, covered with small setae, apex with two
PN-878
FIGURE

PN-877

FIGURE

70.-CuEiseta

aEaskaensis male

genitalia.

71.-Culiseta

alaskaen& larva.

stout spines. Lobes of ninth tergite
broad, rounded, and bearing 7 to 10.
slender setae. Eighth segment with
about eight stout spines.
Larva
(fig. 71) .-Antennae
pigmented, distinctly spined, and equal
to or slightly shorter than distance
between two antennae.
UPPer
head hairs five or six, lower three
or four. Postclypeal hairs smaller
and more delicate than head hairs.
Air tube 2 X 1; 8 to 12 pecten teeth
on basal fourth followed by long
hairs that extend nearly to apex,
paired tufts arising close to base
between pecten rows. Anal segment about as long as wide, ringed
by plate with two or three tufts
piercing plate.
Biono&cs.-This
species is common in forested lowland areas from
Haines north to t,he Yukon River
a!nd west to Naknek (map 12).
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Larvae develop in shallow semipermanent or permanent pools that
are clogged with debris and vegetat ion, often in association with
AnopheZes earl&, Culex territam,
and in the more southern part of
its range with Cu7iseta impatiens.
Overwintering
adults appear during early -4pril near Anchorage
an d in early May at Fairbanks.
Activity is greatest during May and
the first half of June. During 1948
fourth-stage larvae were found at
both Fairbanks
and Anchorage
from the middle of June until midSeptember. Peak abundance at
both localities occurred about the
second week in July.
Adults
emerge from late June until fall,
and studies by Frohne (33) have
shown that the females do not take
blood meals until the following
spring.
In some localities alaskaen& is
sufficiently numerous to cause serious annoyance for a full month or
even 6 weeks in advance of Aedes
emergence. Its habit of emerging
from hibernation while much of
the winter snow still covers the
ground has caused it, together with
impatiem, to be known locally as
“the snow mosquito.”
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Male genitalia (fig. 72) .-Sidepieces stout conical, about twice as
long as wide; apical lobe a small
slightly elevated chitinized
area
with long setae; basal lobe large
and conical in outline, apex rounded with one large spinelike seta
and several smaller ones. Lobes of
ninth tergite only slightly separated and each bearing about 10
long setae. Eighth segment with
row of 20 to 40 short stout spines on
basal margin.
Larva (fig. 73) .-Antennae slightly longer than distance between
two antennae. Both pairs of head
hairs multiple and long. Lateral
abdominal hairs multiple on first
to fifth segment, and double on
sixth. Air tube stout, 2 X 1;
pecten of 10 to 15 teeth on basal
fourth followed by long hairs that
nearly reach apex of tube, paired
tufts large and arising close to base
between rows of pecten. Anal segment wider than long, ringed by
plate with two to three anterior

Culiseta impatiens (Walker)
CuZex impatiens Walker,
ous Insects in Brit.
1848.

List of DipterMus., pt. I, p. 5.

Female.-Torus
and first segment of flagellum without white
scales. Mesonotum
with
brown
and yellowish scales, two fine pale
lines extending posteriorly from
median pale patches land variable
pattern
of
other
pale
scales.
St.ernopleuron with scales not extending to frontal border. abdomen black with basal segmental
white ba,nds. Wing scales brown
and aggregated t.o form faint spots
atI forks of second and fourth veins
and bases of second and third veins.
Legs black, femora white tipped.

PN-879
FIGURE

72.-Culise

ta

genitalia.

impatiens

male
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or permanent pools of the same
kind
as those
described
for
alaskaens&. In fact, larvae of the
two species tare usually taken from
the same pools, at least in the Cook
Inlet area. During 1948 the peak
abundance was not reached until
the second week in August or almost a month later than that of
alaskaen&.
Also during 1948 no
inapatiens adults
‘
were seen prior to
May 1, but they were more numerous than alaskaen& after May 19.
Few adults were seen after the
middle of June.

Culiseta incidens (Thomson)
CuZea: i&&ens
Thomson, Kongl.
Freg. Resa, Dipt., v. 6, p. 443.

PN--880

FIGURE

73.-Culiseta

impatient

larva.

tufts of ventral brush puncturing plate and with tuft of small
hairs near posterior margin; anal
gills longer than segment.
Bionomics.-This
species occurs
in the Panhandle northward to the
Cook Inlet area, where it seems to
be more numerous than C&&eta
aZmkaer&s.
In the west it has been
reported from Naknek (36) and
Unalakleet, and one adult has been
taken at Nome (map 11). Although it occurs at Fairbanks, the
species appears to be quite uncommon north of the Coast Ranges.
Larvae are found in semipermanent

Sven.
1868.

Female.-Torus
white
scaled.
Flagellum with first segment white
scaled ventrally.
Mesonotum with
dark-brown scales and mixture of
yellowish scales, some of which
form partial longitudinal lines or
spots. Sternopleuron with scales
extending to frontal border. Abdomen black with basal segmental
white bands. Wing scales dark,
aggregated into patches on fork
and base of second vein, fork of
second and fourth veins, upper folrk
of fifth and middle of sixth veins.
Legs dark brown with nasrow
faint-white rings on bases of some
of tarsal joints, femora and tibia
with narrow white rings at their
apices.
‘
.-SideiWaZe genitalia (fig. 74)
pieces more than twice as long as
wide; apical lobe a small elevated
area with a number of smadl setae
and long spine; basal lobe small
and conical with small setae, apex
with two stout spines. Lobes of
ninth tergite slightly
sepazated,
each bearing five to eight rather
long setae. Eighth segment with
five to eight spines on basal ma.rgin.
Larva (fig. 75) .-Antennae
not
pigmented and not prominently
spined. Both pairs of head hairs
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multiple, lower tufts longer and
fewer 111 number
than upper.
Postclypeal hairs smaller and more
delicate than head hairs. L&era1
abdominal hairs multiple on first
and second segments and double on
third to sixth. Air tube stout,
about 2 X 1; pecten with few basal
teeth that ha#ve one or tlvo minute
denticles, teeth followed by long
hairs to apical third of tube, multiple tuft near base between rows of
pecten. Anal segment rin,ged by
plate; tufts of ventral brush absent
or with one to two puncturing plate
and a small one- to ihree-haired tuft
on lateral posterior margin; anal1
gills slightly longer than sejgment.
Bionomics.-Larvae
of this species and one Iadult have been colF;rd at Junelau (Frohne 30) (map
Records from
Matanuska
(St’age and Chamberlin 99) are believed to have been in error and
probably
refer
to Cd&eta
alasEaensis.

PN-882

FIGURE 75.-Culiseta

incidens larva.

Culiseta particeps (Adams)
Culex particeps Adams, Kans. Univ.
Bul. 2, p. 26.

Culiseta maccrackenae Dyar
Wash.
1906.

PN--881

FIGURE

74.-Culiseta
genitalia.

incidens

male

Biol.

Sci.

1903.
Sot.

Pro?.

afid Knab,
19: 133.

dark
Fem.aZe.-M e s o n o t u m
brown with light-brown
median
stripe and narrow white posterior
half lines; sides, anterior margin,
and margins of antescutellar space
with mixture of white scales. Abdomen black with basal segmental
white bands and few scattered
white scales. Wing scales b1ac.k
with few pale scales on costal veins,
dark scales forming spots at base
of second vein, forks of second and
fourth veins, upper fork of fifth
vein, and on cross veins. Legs
black with part of inner side white
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scaled, femora with subapical white
ring followed by black ring, apical
segments of tarsi without rings and
succeeding tarsi with gradually
broadening white rings.
Male genitaZia.-Sidepieces
about
three times as long as wide; apical
lobe a small elevated area with
number of long setae; basal lobe
small and conical with many small
setae, apex with two or three stout
spines. Lobes of ninth tergite not
separated but indicated by two
large
groups of small spines.
Eighth segment without spines or
with one spine at center of basal
margin.
LcFpva.-Both pairs of head hairs
multiple, lower with about three
long hairs, upper more numerous
hairs
and shorter. Postclypeal
four to five branched and about as
long as head hairs. Mesothoracic
hair No. 3 less than six times prothoracic hair No. 0. Air tube stout,
about 2 X 1; pecten with few basal
teeth followed by long hairs that
extend nearly to apex of tube,
paired tuft near base of tube between rows of pecten. Anal segment ringed by plate with two
anterior tufts of ventral brush arising from cleft in plate and small
patch of short bristles near apex of
plate ; anal gills slightly longer than
segment.
Bionomics.-Larvae
believed to
belong to this species were collected
from a roadside ditch at Wrangell
(Frohne and Sleeper _&8) (map 12).
If they are correctly identified, this
is the only record for the species
north of southwest,ern Oregon.
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white half lines. Sternopleuron
with scales not extending to frontal
border. Abdomen
brown scaled
scattered
yellowish-white
with
scales, mostly heavily concentrated
along apices and bases of segments,
or these may occasionally form
basal pale bands only. Wing scales
dark with pale scales at base of
costa. Legs dark with faint-white
rings at both ends of tarsal ioints.
#ale genitalia (fig. 76) .--%3idenieces conical. more than twice as
tong as wide f apical lobe absent;
basal lobe promment and conical
with three to five spines on apex
and small setae on sides. Lobes of
ninth tergite with broad projections, eachwith 6 to 12 slender setae.
Eighth segment with group of small
spines centrally on basal margin.
Larva
(fig. 77) .-Upper
head
hairs multiple, lower double. Lat-

Culiseta morsitans (Theobald)
CuZelr:

Theobald,
Monog. of
of World, v. II, p. 8. 1901.

morsitans

Culicidae

Female.-Torus
and first segment
of flagellum
not, white scaled.
Mesonotum brown with mixture of
yellowish scales around margins,
pair of faint nearly bare median
stripes, and posterior yellowish-

PN-883
FIGURE

76.-CuZiseta

genitalia.

(Courtesy

male
A. R. Barr. )

mmsitan.8
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ANOPHELES
MEIGEN

Anopheles earlei Vargas
Anopheles earl& Vargas, Pan Amer.
Union Bol. de la Ofic. Sanit. !22:8.
1943.

PN-884

FIGUBE 77.-Culiseta

moraitans larva.

era1 abdominal hairs multiple on
first and second segments, single
and long on third to sixth. Air
tube about 6 X 1; pecten with six
to nine teeth on basal fourth, paired
tuft at base between rows of pecten.
Anal segment longer than wide and
ringed by plate; anal gills slender
and longer. than segment.
BionomicB.--This
infrequently
collected species has been recorded
from scattered localities within the
forest zone from Anchorage north
to Fairbanks and in the southwest
at Naknek (map 10). Larvae are
often found associated with Aedes
exc&ns
in semipermanent and
permanent pools that are overIn the
grown with Carex rostrata.
Anchorage area Frohne (a) found
larvae associated with Cdiseta aZmkaemii and impatiens
in My&aSphagnum bogs. In 1948 fourth
instars were found at Fairbanks
from June 15 to July 19 and at
Anchorage from May 31 to August 16. Little is known concerning the biology of this species. It
is not known to bite man.

Female.--Palpi
as long as proboscis, dark brown.
Mesonotum
with pruinose gray stripe bordered
by dark bands, median stripe with
hairlike
yellowish scales. Wing
scales dark brown and aggregated
into spots at base of second vein, at
forks of second and fourth veins,
and at cross veins, second vein between cross veins and fork with
numerous dark scales, spot of pale
scales at apex of wing. Legs black,
apices of femora and tibiae with
pale-yellowish scales.
Male genitalia (fig. 18) .-Claspettes bilobed, with two (sometimes
three) spines on ventral lobe and
usually with two spines on dorsal
lobe. Claspers with bases covered
with dense patch of nonpapillated
hairs. Mesosome with four pairs of
nonserrated leaflets. Ninth tergite

PN--885
FIGURE

?8.-Anopheles earki male genitalia.
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with lobes usually short and with
apex broadened or obliquely truncate.
Larva (fig. 79) .-Hea.d
longer
t,han wide. Postclypeal hairs two to
five branched, branching usually
short dist,ance from base. Inner
clypeal hairs bifurcate near middle
or with felw additional fine branches
and set &se together. Frontoclypeal sclerite pale banded. Abdomen
with palmate tufts on third to
seventh segments, a.ntepalmate ha.irs
on fourth and fifth segments with
two to four brancheNs. Anal segment longer than wide, dorsal plate
with long single lateral hair; anal
gills as long a8 segment and bluntly
pointed.
Bionomics.-This
rather uncummon species is widely distributed
throughout the forested lowlands
from Cook Inlet north to the Yukon
River (ma’p 10).
Larvae live in
pools and ponds or along lake shores
that are permanent or dry for only
a short time during the late summer. These habitats usually support an emergent cover of Equisetm, Typha, or Carex rostrata, and
larvae are always aassociated with
floating or partly submerged plants
such as Lemna, Ranuncdus, and
Utricdaria.
Ove#rwintering adults
appear in elarly May and disappear
during ea.rly June. In 1948 fourth
instars were most numerous about
July 1 at FFairbanks and July 7 at
Anchorage.
Few larvae were collected after July 10. Although the
adult felmales bite readily, they ha.ve
not been observe*d in numbe,rs sufficient to cause serious annoyance.
Alaskan
records for Anopheles
mactdipemis and occk?m,taZisrefer
to eadei. Frohne (37) has reported
that although Alaskan earlei appears structurally similar to enrlei
of Montana, there are pronounced
physiologicsal and beha,vioral differences between the two populations.
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Culex territans Walker
territans
Walker, Insecta Saundersiana, Diptera, v. I, p. 42.8. 1856.
Culex apicalis adams (of Dyar and other
authors, not Adams).
Culex

Female.-M
e s o n o t u m brown
indistinct
scaled with
median
nearly bare lines and usually with
two me.dian spots elf yellowish
SC&S. Abdomen black scaled with
apical
selgrnentad white
bands.
Wing scales all black. Legs black,
undersurf ace part,ially white scaled.
illale genita.Zia (fig,. SO) .-Sidepieces more than twice as long as
wide ; subapical lobe -4th
two
large rods, spine, and five hooked

FIGURE SO.---Culex

territans

talia.

male

PN--887
geni-
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filaments, first three pa,rtially serrated.
Tenth sternite prominent,
apex broa)d, extending beyond mesosome and terminating
in row of
short setae. Mesosome halves with
relatively evea oblong outlines terminat’ing a,pically in rounded serrated margin, halves joined by
sclerotized band ne,ar apex.
Lama (fig. 81) .-Antennae large,
cylindrical, and spined. Head hairs
single or double. Lateral abdominal hairs multiple on first and second segments and double on third
to sixth, secondary hairs numerous
and well developed.
Comb on
eighth
segment with
numerous
scales in t,riangular patch. Air tube
long and tapering, about 7‘ X 1;
pecten of 12 to 14 teeth on basal
third of tube wit.h four pairs of
prominent tufts beyond pecten and
also sometimes small fifth pair near
apex.
Anal segment ringed by
plat’e, longer than wide.
Bionomics.-This
species is distributed t,hroughout t,he f olrested
lowlands from Va.ldez and the Cook
Inlet area north to the Yukon River
(map 9). Larvae live in permanent
or almost permanent pools and
ponds as well as along lake shores.
Favored habita.ts support an emergent cover of Eptzcisebrh, Carex
rostrata, or S&pus valtius, cont,ain
RanumuZw, and oft’en have a floating cover of Lemna.
In 1948
fourth-stage larvae were found at
Anchorage from June 16 through
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Sugust 20 and were most numerous
about July 27. at Fairbanks they
were taken from June 9 through
September 7, with a peak abundance
about July 3. Larvae are able to
survive in pools c,onta’ining such
high populations of insect predators that all Aedes and Culiseta
larvae are eliminated.
Adults are
seldom seen. Thev are known to
feed on frogs.

FIGURE

81.-Culew territana larva.
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Aedes cinereus, diantaeus,

and

pullatus.
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.

Aedes

excrucians
intrudens

PN-893

MAP 5.-Distribution

of Aedes excmoians and intrudens.
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l
l

MAP 6.-Distribution

Aedes pionips
stimulans

of Aedes pionips and stimulant.

PN--894
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8
A
X

Aedes

cataphylla
flavescens
hexodontus
riparius

PN-895

MAP I.-Distribution
‘

of Aedes cataphylta,

flauescena, hexodontus, and ripariua.
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fitchii and impiger.

PX-896
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Aedes aboriginis
canadensis
z
decticus
0
nigripes
A Culex territans

0

PN-997

9.-Distribution

of Aede8

abm-iginit?, canadenai.8,
Culea: tewitan-s.

deatious,

&gripes,

and
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l
Anopheles earlei
A Culiseta
morsitans

PN-898

MAP lo.-Distribution

of BrcopheZea ear&

and CuZCseta moruitan.8.
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PN-900

MAP 12.-Distribution

of Culiseta alaskaensis, incidens, and particeps.
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