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FREFACE

The purpose of this bulletin is to supply useful information to organizations
facing mosquito problems in Washington, Oregon, Idaho, and adjacent States.
This mformation should assist them in determining the magnitude of their mos-
quito problems and the advisability of undertaking a control program. Organiza-
tions already cngaged in mosquito control in these States should also find the
bulletin useful in identifying species of mosquitoes found there.

This publication reports research involving pesticides. Tt does not contain
recommendations for their use, nor does it imply that the uses discussed
here have been registered by appropriate State and/or Federal agencies
before they ean be recommended.

CAUTION: Pesticides can be injurious to humans, domestic animals,
desirable plants, and fish or other wildlife—if they are not handled or applied
properly. Use all pesticides selectively and carefully. Follow recommended
practices for the disposal of surplus pesticides and pesticide containers.

[T TR RE T TE e

Trade names are used in this publication solely to provide specific informa-
tion. Mention of a trade name does not constitute a warranty or an endorse-
ment of the preduct by the U.S. Department of Agriculture to the exclusion
of other products not mentioned.
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THE MOSQUITOES OF
THE NORTHWESTERN UNITED STATES

By €. M. Gaunay and Gaives W 1oy, entomologists. Entomology Resenrch Division, Agrieultiral Research Service!

‘This publication deals with the mosquitoes ve-
corded from Washington, Oregon, and Idaho. A
handbook on the mosquitoes found in these States
(254)* was published in 1952, Since then Ny new
data have been obtained. Widely scatlered infor-
maticn is included here on the species, their biclogy,
taxonomy, distribution, economic importance, and
methods used for control. Seversl sections not In-
cluded in other UUS. Department of Agriculture
publications on mosquitoes have also been added.

Most of the data on species distribution were

compiled from collections made by the Entomology
Research Division during 1930-67. However, some
records were furnished by Washington State Uti-
versity, Oregon State University, the University
of Idaho, and the U.S. Public Health Service, and
some recent records by the Washington and Oregon
State Health Depariinents through the courtesy
of Roy Myklebust and LaVerne Miller, respectively.
Limited records available from literature have also
been included when they provided additional in-
formation.

SPECIES FOUND IN WASHINGTON, OREGON, AND IDAHO

Jix genern and 53 species of mosquitoes have
been recorded from Washington, Oregon, and Idaho.
Forty-one species have been enllected in Washington,
45 in Oregon, and 45 in Idsho. These are listed in
table 1. Distribution of the speeies in these States
is shown on the maps in the appendix, An attempt
has heen made in the table to provide o rating on
the basis of species abundance, distribution, and
importance as pests or disease carriers to man or
animals. Although for many species this cannot be
done with any degree of accuracy, due simply to
lack ol information, the data indicate whether a
species is common, rare, or absent.

Some of the more important pests and disease
earriers are as follows:

Aedes eommunis oceurs in many mountain areas

*The nuthers neknowledge the assistance of the following
persons in this Division: Alan Stoue, Systematic Entomology
Laboratory, for many valuable suggestions and many of
the lurval and terminnlia drawings; L. F. Lewis, A, R. Roth,
Jessipy Johnson, and 1. AL Christenson for information on
distribution abundanee; Mrs. Pameln Warr and Miss Thelma
Ford for muny of the drawings; and W, C. MeDuffie, D, E.
Weidluns, and John A, Flune for their cncouragement and
assistance in preparing this bulletin,

* ltalic numbers in parentheses refer to Literature Cited,
b. 89,

and in some places is a serious handicap to recre-
ational interests, lumbering, and road building.

Aedes dorsalis breeds in both flooded salt- and
fresh-water areas. It is an abundant and trouble-
some pest of man and animals in some coastal and
many inland areas.

Aedes herodonlus is very numerous and annoying
in some mountain areas.

Aedes increpitus occurs in many semiwooded
arcas from sea level to 6,000 feet but is usually most
numernus and annoying in mountain areas.

Aedes melanimon is present in large numbere in
many inland areas and is an important pest. The
larvae develop in irrigation and floodwaters.

Aedes sticticus breeds mainly in Sooded willow and
cottonwood flats bordering river and lake matgins.
It is a severe pest of man and livestock, especially
along the lower Columbia River.

Aedes vexans develops in floodwater and irrigated
areas. It is one of the most important pest species
and is particularly numercus and annoying along
the lower Columbia River.

Culex pipiens pipiens is present in large aumbers
in some communities in western Washington and
Oregon but is seldom found in Idakn or the eastern
half of Washington and Oregon. It is considered
the most important house pest in most areas where



a

Culex tarsalis is one of the most important known
vectors of St. Louis and western equine encephalitis.
It is also one of the most widely distributed species
‘o the Northwest. Birds ard livestock nre is pre-
ferred hosts, but it will also reacdily attack man
and other mammals. Large numbers of this species
are produced in log ponds as well as in a vasiety
of other permanent and semipermanent waters.

Other important species include Aedes cinereus,
A, filchii, A. nigromaculis, Anopheles  freebornz,
Culiseta incidens, and C. inornate.

Mawpe L.—Distribution and velative fmportance' of
g 'y o T " o
mosquito species tn Northwestern Stales

Washing-
Spocies ton Oregon Tdubo
Anopheles:

earlel oo oo 3 — 3
Jreeborni. L. . 2 2 2
vecidentalis, ... ... 3 3 3
pserulopunetipen iy

franciscanus. . .. _— 3 _—
punclipennts. .. 2 2 3

Aedes:

aboriginis. . .. .- 2 2 3
aloponofunt. ... ... 2 3
con pestris, . 3 3 3
canarfensis

cipmrdensis. 2 -_— 2
cataphylla . ... 3 2 2
cinerens. .. ... 2 2 2
communis, ... 2 2 2
dorsalis. .. .. i H i
erCINCIERS .. .. 2 2 2
fitchit. .. . 2 2 2
Marescens 2 2 2
hendersoni. . - _ 3
hexatfontus .. 2 2 2
fmepiger. ... .. 2 2 2
implicatus ... ... .. 2 2 2
thcreples. oL 2 1 t
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TasLe 1. —Distribution and relalive importance' of
mosquito species tn Norlhweslern States—Continued

Washing-

Specics ton Qregon Idaho
Tadredens. ... ... 2 3 2
melenimon, .. ... .. 2 2 2
wigromenlts . ... 2 2
wiphadopsis, .. ... —_ 3 -
HARIPS. Lo 3 3 3
purllafus . ..o 2 ) 2
praelor. .. 3 — —
sehizopinaz. . . ... — 3 3
sterrepsis. ... 2 2 3
spencerit idehoensts 2 3 2
sticlicus. .. ......- 1 H 2
stimulans. . ... - —— -— 3
frichurus. ... ... - 3 2
{rivittdns. . oo n s _ e 3
ventrovitfis. ... ... 3 3 3
POXAME e e e i 1 i

{ulex:
aptertis. ... ... —_ 3 _—
boharti .. ...... ..« — 3 _—
erythrothoraz. ... .. - _— 3
POHE. e 2 2 —_—
pipiens pipiens... . 2 1 2
restians, ..o 3 2
snlinarius. . ... 3 2
tarsalis, ... .. i i i
ferridans. .. .. 2 2 2
Crliseta:
fmpatiens. . . . 2 3 3
incidens. ... . 2 2 2
snornale. .. ... 2 2 2
aninnesolae ... 3 3 3
parbieeps. ... —_— 3 —
Coquillettidia
perturhans. 3 2 3
Orthopadamyin
stgnifert. . oooooonn — 3 —

t Based on numbers, distribution, and importance 08
posts or disense enrriers: 1| = most important; 2 = less
importint; 3 = uneommon 0T rare; — = not recorded.

MOSQUITO LITERATURE

The litersture on mosquitoes is extensive and
inereases as more mosquito-control operafions are
undertaken in many parts of the world. Probably
no other group of inseets has received so much study.
Some of the more noteworthy publications are

mentioned here. Others are listed ab the end of the
bulletin.

A four-volume monograph by Howard et al, (147)
was the first comprehensive publication on the
mosquitoes of the Western Hemisphere. 1t con-
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tains much i~formation on the biclogy, distribution,
and taxonomy of these species. The taxonomic part
of this work was later extensively revised and con-
densed by Dyar (84).

Matheson’s handbook (7580), revised in 1944,
gives much information on the taxonomy, biology,
and contrel of mosquitoes of North Americ.. Fx-
cellent tavonomic and anatomical illustra’™sns are
meluded. A valuable book on “The Nutural History
of Mosquitoes” has been published by Bates (19).

The taxonomy, biclogy, distribution, and medi-
cal importance of North American mosiuitoes are
covered in an authoritative, wellillustrated book
by Carpenter and TaCussc {567}, which appeared
in 1955,

An illustrated monograph with dingnostic char-
acters of the medically important mosquito species
of the world has been published by Foote and
Cook (93).

A catalog of the mosquitoes of the world, pub-
lished in 1959 by Stone et al. (261), and its supple-
ments (258-260) provide a standard reference on
nomenclatiure and eclassification.

Carpenter {56) also reviewed the literature on the
taxonomy, distribution, and bionomics of North
American  mosquitoes from 1855 through 1967,
starting with the publieation of “AMosquitoes of
North Awmeriea (North of Mexieo)” by Carpenter
and LaCasse (573,

A book on the physiclogy of mosquitoes by
Clements (73) includes much information on this
subject. The anatomy of the mosquito is described
and Hiustrated in & publication by Snodgrass (250).

“A Handbook of the Mosquitoes of the South-
eastern United States” by Wing et al. (I70) contains
information on some of the specics found in the
Norlhwest,

US. Department of Agriculture Handbook 46
(25, now out of print, was the most useful publi-
cation concerned with the species found in the
Northwest. The present bulletin updates  this
earlier publication and adds mueh new information.,

A book of historical intevest by Herms and Gray
(141) deals with all phases of organizing and op-
crating mosquito-abatement districts. It includes
information on laws and agencies, education of the
public, and methods of mosquito abatement.

A publieation by the American Mosquito Control
Associalion (7) gives information on methods of
organizing, type of personnel, and methods of fi-

nancing mosquito-control districts. It also contains
information on types of statewide enabling legisla-
tion and the type of assistance available from re-
search agencies.

Engineering aspects of mosquito control are dis-
cussed in the “Engineering News-Record” (89)
and in @ paper by the Naticnal Malaria Committec
(200).

Information on ground equipment and insecti-
cides for mosquito control (8) and for aircraft an-
plication of insceticides (6) is available in two pub-
lications by the American Mosquito Control As-
sociation. U8, Departiment of Agriculture Cireular
977 (272) also contains much information on mos-
quito repellents, insecticides, formulatons, and
application equipment. The results of screening
more than 19,700 organic chemicals as mosquito
tarvicides, adutt sprays, and repeilents are reported
in Agriculture Handbooks 69 (169) and 340 (274).

Several State bulletins and Canadian reports
will be found useful in a study of the rmosquitoes
of the Northwest: California: Freeborn (24) and
Freeborn and Bobart (95); Montana: Mail (187);
Ulah: Nielson and Rees (205); Onlario: Steward
and McWade (257); lower Fraser Valley of British
Columbia: Hearle (138); western Canada: Rempel
(230); and Alaska: Gjullin et al. (114). State bulle-
tins on mosquitoes have also been issued by Arkansas
(50), 1llinois {235), Minnesota (16}, Nevada (68),
Oklahoma (287), Wisconsin (82), and Wyoming
(207).

The following serial publications will be of interest
to students of Culicidae: “Mosquito News,” pub-
lished quarterly by the Ameriean AMosquito Control
Association at Albany, N.Y ., and the “Proceedings,”
published each year by the New Jersey Mosquito
Extermination Association, the Californig Mosquito
Control Association, the Florida Anti-Mosquito
Assoeiation, and the Utah Mosquite Abatement
Association. The ""Proccedings” of the Northwest
Mosquito and Vector Control Association covers
many subjects pertaining to pests of man and
animals.

Articles on mosquitoes also appear in many other
entomological, medical, and scientific journals and
m the “US. Public Health Reports.” Abstracts
of the mosquito literature of the world are published
in “The Review of Applied Entomology, Series B,
Medical and Veterinary.” A quarterly list of current
mosquito literature appears in each issue of “Alos-
quite News.”
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MOSQUITO-CONTROL ORGANIZATIONS

There are & number of State or regional mosquito-
control associations in the United States, but of
most interest to those in the Northwest is the North-
west Mosquito and Vector Control Association orga-
nized in 1960.

There is also the American Mosquito Control
Association, which is international in scope snd has

over 1,200 members. 1t 1s a nonprofit professional
cssociation composed of entomologists, sanitary
engineers, control officials, medical personnel, and
laymen, who are charged with or Lave an inwerest
in mosquito control and related work., Annual
meetings are usually held jointly with those of the
State assoriations.

MOSQUITO-ABATEMENT LAWS

Local mosquito-control agencies wre gommonly
ealied mosquito-nbatement districts. Laws in mos
Qiates have been enacted fo [acilitate organization
of such districts. These laws vary considerably in
the different States. A comprehensive discussion of
laws, financing, personnel, and other matters re-
lating to organization of mosquito-controt districts
has been published by the American Mosquite
Control Association (¥).

The Washington State law provides for the or-
ganization of mosquito-control districts in Adams,
Benton, Franklin, Grant, Kittitas, Walla Walla,
and Yokimn Counties. Petitions containing the
signatures of 10 percent of the registered voters of
the arca must be presented to the county com-
missioners of the county in which the largest area
of the proposed district is located. The petition
must deseribe the boundaries of the district, which
may include sections or all of several counties.

Districts may also be formed by a resolution of
the county commissioners, which must also describe
the boundaries of the proposed district.

A public hearing on the district proposed by the
petition or resolution must be held within 2 months.
Tf the commissioners find that the formation of a
district is in the public interest, its formation must
be spproved by the voters of the district at an
election to be held not sooner than 30 days and not
later than 60 days after the hearing. Approval for
formation of the district requires n majority vote.
The voters must also approve authorization of 2
1-mili tax levy by a three-fifths majority at this
election to provide funds for operation of the dis-
trict.

A board of five trustees is appointed by the
county commissioners if formation of the district
is approved by the voters. The trustees manage the
affairs of the district, employ personnel, and de-

termine the amount of money required o carry on
its operations. Taxes based on their estimate are
collected ab the same time as other county faxes,
The district may also levy taxes twice & year of
not more than 2 mills in excess of the 40-miit Hmita-
tinn if approved in special elections by three-fifths
of the voters.

Phe law also contains a number of provisions
that assist the Director of the State Health De-
partment in establishing & statewide program for
the control of mosquitoes as a health hazard, Pro-
visions of the Washington law are given in Revised
Code of Washington, chapter 17,28, 195%.

In Oregon a mosquito-abatement district may
include all or any part of & county. A petition con-
taining the signatures of not less than 25 taxpayers
of the proposed district must be presented at a regu-
lar meeting of the county court. The need for such
a district is determined by the county court at a
hearing that must be held not sooner than 30 days
and not later than 60 days after the petition is pre-
sented. Creation of the district must be approved
by the voters in the district at special election to
be held not more than 5 days after the hearing.

A board of five trustees appointed by the county
court manages the affairs of the district, employs
persor .el, and estimates the annusal budget. Taxes
for the operation of the district are levied after ap-
proval by the county court and the health officer
on the board. These taxes may not exceed 134 mills
per dollar of assessed valuation within the distriet.

Counties may also contract with cities, vector-
control districts, and other counties on any matter
incident to control of public-health vectors. The
provisions of the Oregon Vector Control law are
given in Oregon Revised Statutes, chapter 452,
1959,

The Idsho Mosquito Abatement Act requires
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that a petition signed by 10 percent of the qualified
residents of the proposed district be presented to
the board of county commissioners, A district may
include one or more couniies or sections thereof.
If, after publication of this petition, no written pro-
tests are received within 30 days, ar election is then
held. Tf protests are received, an election must be
held 15 days after a public hearing. A board of five
trustecs is appoluted by the county commissioners

if the distriet is approved by a majority vote. The
trustees manage the affairs of the district, employ
personnel, and estimate the required budget for the
next year. Taxes for operation of the district gre
levied after approval by the county commissioners
and the State Department of Health. Taxes may
not exceed 5 mills per dollar of assessed property
valuation. Provisions of the Idaho laws are given
in Idaho Code, chapter 24, 1959,

NATURAL HISTORY OF MOSQUITOES

All mosquitees have tvo wings, a body partially
covered with seales, and an clongated proboscis
usedd in feeding. Another common characteristic is
that they spend part of their life eyele in water, The
types of water in which the larvae are found vary
widely. Some genera such asg Cuder, Culisete, and
Anapheles Iy their cggs on permanent or semi-
permanent bodies of water, whereas others such as
Aedes usually deposit their eggs on meist soil or
arcas above the water level in temporary pools or
marshes.

All mosquitoes pass through a complete meta-
morphosis consisting of four stages—the egg, the
larsa or wriggler, the pupg or tumbler, and the
adult or imago.

EGGS

Mosquitoes iay their eges in batches of ahout
50 Lo 200. The eggs of Culer (Rg. 1), Coquillettidia,
and Culisefa are laid in rafls on the surface of the
water. The female rests on the water and cements
each egg in an upright position in the raft is it is
laid. The cggs of these three genera usually hateh
in about 2 to 4 days depending on the temperature.
The eggs of Anopheles are laid singly on the surface
of the water and hatch in about the same period of
time,

The eggs of most Aedes species are laid on moist
seil in sreas where they will be flooded by waters
frem irvigation, rising rivers, rain, or melting snow.
Lgps of some dedes species may remain vishle for
as long ns 4 years if they are not floeded (104). On
flooding they may hateh in minutes, Some Aedes
species may lay eggs several timos during a season
if favorable locations for egg deposition are available,

Eggs of many Aedes species do not hateh unless
the oxygen level of the water in which they are im-

mersed is lowered (107, 156). The reduction of the
oxygen {o the required level occurs in nature in
shallow water containing organic debris and bae-
teria. Food for the newly hatched larvae is often
more abundant in shallow water, and the lowered
oxygen requiremient insures that the egps  will
usually hateh in this environment and not in run-
ning water or deep water where the larvae would
not survive. A reduction in the oxygen level of the
water is not effective in causing hatching of some
Aedes species until a summer diapause is broken by
exposure to rather low temperature {188). Bome
mosquitoes require a blood meal before they will
lay eggs, but several species are able to deposit egps
without it (66).

LARVAE

The larvae of all mosquitoes are aquatic and
nearly all are free swimming, Larvae usually obtain
air through a tube, which extends through the sur-
face of the water, or by means of s shorter type of

Fieore 1.-—~Moesquito eggs: A, Culex; B, Aedes; C, Anopheles.
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air-intake apparatus. About 4 to 14 days are re-
quired for larval development of most species. During
this period the larva grows and sheds its skin lour
times. Larvae of Coguilleitidia perturbans, which
attach to the roots of nquatic plants, and Aedes
sierrensis, which oceur in tree holes, usually over-
winter in the larval stage.

‘The Tood of mosquito larvac consists of minute
plants, animals, and organic debris and is obtained
by using the mouth brushes. The larvae can also
utilize pure cultures of yarious organisms (18}, Some
species such as Psorophora ciliata (1) are predaccous
on other mosquilo larvae, The nutritional requive-
menfs have heen reported lov only a few species
{(243).

PUPAE

The pupa or tumbler (fig, 2) is also aqualic and
appenrs with the fourth molt, In most species air
is obtained through a pair of trumpets at the surface
of the water. Coguilieitidia species have breathing
tubes adapted to penetrute submerged plant tissue,
where they attach until ready fo emerge. Pupal
development is usuallv completed in aboui 2 days
bul varies considerably with the species and water
temperature, Pupae fake no food.

ADULTS

A series of six slylets partially enclosed in the
Jabium of the proboscis (fig. 3) is used by the female
to penctrate ihe skin and draw the blood of the
host. The raaxillae are the main piercing organs.
The {ube through which the blood is drawn is formed
by the labrum, The labium does not enter the
wound but sets as a guide for the stylets. Salivary
fuid discharged through a vanal in the hypopharynx
prevents the blood from coaglating. The itching
sensation resulting Ivom the bile is caused by this
fluid.

Females may also feed on flower nectar and
various plant juices (40). Newly emerged  Aedes
dorsalis aduits have been observed feeding in large
aumbers on willow catkins and other flowers in
castern Oregon. Similar feeding habits have been
noted in other species (124, 125, 212). Certain plants
have increased the longevity of mesquitoes in the
laboratory (208). 'The behavior of mosquitoes n
relation to blood feeding has been reviewed by
seversl workers (148, 158, 195).

The male mosquito does not have mouth parts
eapable of piercing the skin. Males can usually be
distinguished from females by their bushy antennae
and differences in the length and shape of the palpi
(fig. 4}. Most males apparently obtain their food
from Aower nectar and plant juices. Both male and
female mosquitoes ean be kept alive in the laboratory
for considerable periods on sugar or honey-water
solutions or raisins. Some mosquitoes can also
utilize dry sugar (87).

MATING

Most mosquitoes usually mate from 1 to 3 days
after emergence. Their age and conditions under
which they mate vary considerably with the species.
AMales of many genera fortn compact swarms when
the light reaches a certain intensity in the morning
and evening, These swarms, which may be of several
well-defined shapes, have been commonly referred
to as “mating swarms.” However, based on many
observations of mosquito matings and from on
analysis of the literature on the subject, Nielsen
and Hacger (202) suggested that mating may oceur
when the female is in flight for a number of reasons
and that male swarms are not a major oceasion for
mating. Mating has been observed in male swarms
of many species, but this occurs only when the
females fiy near or into the swarms, The flight sound
of a female has been shown by Roth (236) to be

Fioure 2—Mosquite pupn.
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salivary guiter

Fiovae & Herd nnd movth parts, with cross seetion of
proboseis, of Temale mosquito,

necessary belore the male of Aedes acygypit (L) will
attempl to mate. Niiewer et al. (J7/) found that
the Temales of Culiseta inornata produced a sex
pheromone that atteacted the males. Males were
found to produce a pheromone that attracted the
females in a study of three species of Culer by
Gjullin ot al. (715,

Male swarming cccurs m several species of Acedes,
Culer, Anopheles, Coguilletiidia, snd Culiseta, but
several investigators indicate that males of Cudisela
inornata (o not swarm, Rees and Onishi (224) found
that males hatched from the same egg rafts as the
females, emerged Mrom 6 to 12 hours earlier, and
mated sometimes within 1 or 2 minutes after the
female had emerged. Females of this species have
been shown by Kiiewer et al, (771) to produce a
volatile substance that atiracts the males,

FLIGHT IIABITS

The flight behavior of mosquitoes depends on
the  species, population pressure, food supply,
weather conditions, and other (actors. Information
is available {or only & few specics. Aedes vezans and
<L slicticus fermales marked with a stain shortly
after emergence near the Columbin River were
recovered 5 miles away 24 hours later (258). In

observations made along 2 canyon road these ftwo
species were numerous at 15 miles but present only
in small numbers at 30 miles from the nearest
breeding places. Studies on the flight range of A,
verans and severnd other species have been made
by Clarke (74}, 4 edes species marked with fluorescent
dye in a Culifornia test were recovered 20 miles or
more from the area where the dye was applied {248),
Males of Coquillettidia perturbans and 4. vezans
were collected in & New Jersey light trap placed
on a lighthouse 8.2 miles from the nearest iand
(185).

Bailey et al. (77) found that Culex iarsalis in
California had an eflective flight range of 10 miles
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Figune 4.—Head and appendoges: A, Acdes female; B,
Anopheles female; C, Aedes male; D, Anopheles male,
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in 48 hours with downwinds at 2 to 7 miles per hour
and a maximum range of 1575 miles with down-
winds at 0.3 to 3.5 miles per hour. Timited upwind
movement of this species against winds as high as
5 miles per hour was also observed. They estimated
2 likely dispersal of 20 to 25 miles in the Bacramento
Vailey in Califorvia. In studics of the dispersal of
adults of this species into an area undergoing lar-
vieide treatments the maximum recovery distance
was 0.6 miles (83).

In Cieorgin and Florida, females of Aedes laenior-
ayachus {Wicdlemann)—a species not geeurring i
the Northwest- were marked with  radioactive
phosphorus s larvae, They migraled a maximum
of 25 miles, whoreas males moved a maximum of 3
miles (88, 217). Fomales of this species feed ox-
tensively on flower nectar before migrating (123,
AMany speeies fly between sunset and sunrise (172).
Further information on {light habits is given under
ench speeies deseription.

LONGEVITY OF ADULTS

The Tifespan of the mosquito under natural con-
ditions depends Iavgely on availability of food and
shelter and prevailing weather conditions. Usually
males cmerge sovuer and also die seoner than fe-
males. During the regular breeding season the

MOSQUITOES
ENCEPUALITIS

Western cquine and St Louis encephalitis are
mosquito-borne virus discases of the central nervous
system. Symptoms of severe infections may include
stiff neck, high Tever, headache, drowsiness, and
coma. Small childrer may suffer severe delayed
physical and mental aftereffects. The mortahty rate
for western cquine encephalitis (WEE) ranges from
5 to 15 percent for humans and 20 to 30 percent for
howses {22). A\ 2- to ll-percent mortality rate for
humans has heen reported for St. Louis encephalitis
SLEY.

WEE and SLE were first isolated from field-
collected mosguitoes in an epidemic area during
the Yakima Valley outbreak in 1940 by Hammon
et al. (/30). They were isolated from Culer tarsalis
amd C. pipiens pipiens. WEE and SLE have since
been isolated from several other species. Isolations
from species occurring in the Northwest include

average mosquito probably lives only a few weeks.
Species that hibernate naturaily live for several
months,

The longevity of dAedes verans and A. sticticus
has been studied by staining newly emerged adults
near their breeding areas (258). There appeared
to be no great difference in their longevity. Nu~
merous lemales of both species were {nken after
30 to 60 days and a Tew of cach were captured
104 to 113 days after being stained. The longest
rocord for males was o single specimen of A
sticticus taken 94 days after staining. In the labor-
atory numerous species have remained alive for o
month or more.

HIBERNATION

Most Cuder, Anopheles, and Culisefe females
hibernate in food-storage celiars, subfioor spaces,
hasements, old mines, caves, mammal burrows,
rock piles, and similar places (64, 244). In Nevada,
Culer erythrothorar overwinters as larvae Gn.

Most A edes species found in the Northwest over-
winter as eggs in soil and debris. dedes sierrensts
overwintors in the egg stage in the colder parts of
its range bubt may also overwinter as larvac or eggs
in warmer areas (67). In the Southern States no
true hibernation occurs in some species.

AND DISEASES

WTEE and SLE from Aedes dorsalis (127, 128, 131,
268), which probably includes the subsequently
reestablished A. melanimon species (36), and WEE
from Culisela inornate (129). Many other species
of several genera have been capable experimentally
of transmitting WEE and SLE (39, 92, 128). C.
tarsalis is considered the primary vector of these
viruses and is apparently a very efficient transntter
of WEE (266). C. p. piptens was also a vector of
SLE in six States, and Culex nigripaipus Theobald
has been an important veetor in Florida (23). Cali-
fornin encephalitis has also oceurred in several
States in the Midwest.

Man and horses usually contract all these diseases
under conditions that inciude high prevailing tem-
peratures, large mosquito populations, and an ade-
quate bird population with a high rate of virus In-
fection. Thomas and Ekihund (267) demonstrated
that garter snakes may serve as natural over-
wintering mechanisms for WEE virus.




THE MOSQUITOES OF THE NORTHWESTERN UNITED ETATES 9

MALARIA

Alalaria is no longer an important disease in the
United States. In 1955 there were 477 cases reported
by the Public Health Service and four of these were
indigenous. In 1956 there were 284 cases and the
number of indigenous c¢ases was not reported, In
1958 there were 72 confirmed and presumptive
cases, of which three were indigenous. Four cases
resulted from blood transfusions and the others
occurred in Torcign eivilians and military personnel
on foreign duly (45,

This disease was probably brought into the
Northwest about 18307 (242, 252). Tt was fatal to
a large number of the native population that con-
tracted it and had an important bearing on the
carly history of the region. Apparently it is not
known how it frst reached the Northwest, but it
was most likely brought by wagon trains coming
to the Oregon territory from Independence, Mo.

Malaria was first required to be reported to the
State Health Officer in Washington in 1015 and in
Oregon in 1018, A total of 378 vases, exclusive of
those with histories of recurrence or infection from
oulside the Stute, had been reported in Oregon by
4L (F16). Thirty-Tour cases were reported in
Washington between 1935 and 1944 and 20 eases
in Ldaho between 1936 and 1944,

Anophetes freeborni has been considered the main
veetor of malarin in the area, but .. punclipennis
may also have been a vector (£23),

OTHER DISEASES

Mosquitoes have also been ineriminated in the
transmission and maintenance of several other
diseases or parasites of man and animals, The
viruses include yellow fever, dengue, fowl pox of
poultry, vabbit myxomatosis, and 1Rift Valley fever
(enzootic hepatitis) of sheep and other animals,
Apparently fowl pox is present in the Northwest,
Several speeies are apparently capable ol trans-
mitting low] pox of ehickens (192). However, present
poultry management practices have reduced its
importance,

Filariasis (Wuckereria spp.) of humats and
filarial heartworm (Dirofilaria immitis (Leidy)) of
dogs and other carnivores are also transmitted by
moscquitoes. Only the dog heartworm is present in
the United States, except in persons arriving from
the Tropics, and it is apparently rare in the North-
west. Other diseases include tularemia of man and
other animals and anaplasmosis of eattle. Anaplas-
mosis is o very important disease and is present over
most ol Washington, Oregon, and Tdahe. However,
little is known about the importance of mosquitoes
in its transmission.

Although each disease is often transmitted by a
different mosquito species, Culez pipiens pipiens,
Aedes verans, and especially A, acgypit are known
to be important transmitters of several maladies.
It would seem likely that mosquitoes are more
important in the transmission and maintenance of
diseases of man and animals than is presently known
or suspocted.,

NATURAL ENEMIES OF MOSQUITOES

Mosquitoes have many natural enemies. The
adults are attacked by Dbirds, bats, dragonfiies,
pathogenic organisms, and various other animal
and plant species. However, none of these have
been highly effective. The larval and pupal stages
are eaten or destroyed by plants, larval or nymphal
stages of cther insects, and many species of patho-
genic fungi and bacterin ({42, 160, 189, 1913,

The mosquito fish or top minnow (Gambusia aof-
Jinis (Baird & Girard)) has been used intermittently
since 1910 for the control of mosquitoes. Its cf-

TLer, J., and Lee, D, sission RECORD ROOK, Methodist
Epise. Chureh, Willamette Stie, Oreg. Ter, NJA.  1844-37,
IManuseript.|

fectiveness as an exterminator of mosquito larvae is
determined by abundance of foed, kind and amount
of vegetation, physical and chemical properties of
the water, and other factors. Rees (221) examined
the stomach contents of 259 field-collected Gam-
busia specimens and found more than 50 kinds of
plant and animal species. His observations indicated
that the selected food of the fish is not always the
mosquito lavva. The fish is not effective in dense
vegetation and often avoids shaded areas. Under
most conditions Gambusia cannot be relied upon
as a single control agent. However, it can be of much
value.

Mosquito larvae are also preyed upon by their
own kind. Psorophora ciliata () and P. howardii
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Coquillett will readily attrek other larvae. Species
in the genus Tororhynchites (M egarhinus of some
authors) also attack other mosquito larvae, and one
species, T. brevipalpus Theobald, was introduced
into Hawnaii by Bonnet and Hu (37) as an aid in the
control of Aedes albopictus (Skuse). Members of
the midge family Chaoboridae also feed on mos-
guito larvae, Bucorcthra underwoodt Underwood,
for example, is common in the Northwest angl breeds
in sesocintion with Aedes sierrensis and several other
species, Bonnet and Riukaida (38) showed that the
copepod (M esocyclops  obsalelus (Koch)) was an
effective larval predator in the laboratory. Some
plants such as bladderwort (Utricutaria) capture
and destroy mosquito larvae but apparently not in
sufficient numbers to be of much value. Larvae and
adults are also parasitized by various specics of
mites (72, 8¢, 145), but they do not appear to allect
mosquito populntions to any extent.

Thoere are ut least three dozen pathogenic and
nonpathogenic  organisms of mosquitees in the
United States. The pathogenic species such as are
found in the fungal genus Coelomomyces ave of in-
terest in the control of mosquitoes. This group is
highly specialized, attacking the larval and adult
stages of mosquitoes and & few other insects. An
excollent review by Couch and TUmphlett {(78)
points out the possible use of the organisms in
mosquito control. Species of Coclomomyces infect
numerous species and several genera of mosquitoes
(71},

Mosquitoes are also subject to protozoan infec-
tions. According to Weiser (278), both Culer and
Anopheles have been parvasitized by Caulleryeila
anophelis Hesse and C. pipienlis Bresslan & Busch-
kicl, Some species are also attacked by Lankesteria
culicis Ross. Several ciliates attach a number of
species and genern of mosquitaes. Some of them are

MOSQUITO

AMosquito surveys of the areas fo be controlled
must be made belore control measures are begun.
They should be conducted by an cntomologist or
specialist familiar with the biology and habits of
mosquitoes. Larvae and adults should first be col-
lected and identified at intervals during the season
o as to obtain as mueh information as possible on
the specics present, their abundance, and importance
as & pest. Information shouid be recorded on location

sufficiently pathogenie to have potential value in
controlling mosquitocs. Information on many of the
ciliated protozoa species bas been reported Dy
Corliss (76, 77), Kellen et al. (166), and Lipa (183).

Not much is known about viruses of mosquitoes,
The cnecephalitis viruses do not appear to affect
the adult female mosquitocs that transmit them
(266). The same is also apparently true of yellow
fever, dengue, and other viruses (255). However,
viruses pathogenic to the larvae of certain Aedes
spp. have been reported by Clark e al. (78), Chap-
man et al. (69), and Kellon ot al. (161, 162).

Lititle rescarch was conducted on diseases of
mosquitces of the west coast prior to about 1960
According to Kellen (260}, for example, there was
only one record of diseased mosquitoes in California
prior to his observations in 1959. During that
period he found a nunmber of microsporidian parasites
{Thelohania spp.) attacking several mosquito species.
Several new species of Thelohania (Nosematidae)
have been described or characterized by Kellen
and Lipa (763) and Kellen and Wills (165). Re-
search by Kellen and Myers (164) on Bacillus
sphaericus Neide indicates this organism also has
certain potential value n mosguito control. Although
the bacterium was isolated from larvae of Culisela
incidens, it was later shown to be pathogenic to a
number of other genera and species. Tanada (264)
reviewed the microbial control of insect pests.

Although much remains to be learned about
host-parasite relationships, many of the pathogens
appear to attack only the larval stage of the mos-
quito and to be rather host specific. Some of the
species also appear to be sufficiently pathogenic
to be of interest to mosquito-control agencies, and
some of them may prove valuable if methods can
be found to successfully manipulate them in the
field.

SURVEYS

of breeding places, accessibility fo them, type of
terrain, and other factors that might affect the con-
trol program.

Clontrot of important breeding places in the area
may be practical before extensive surveys have been
completed, but large-scale operations without ade-
quate information can be wasteful and may result
in the loss of public confidence and support. Surveys
of the area should be repeated in succeeding years
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until a thorough knowledge of the problems has
been obtained.

EGG COLLECTIONS

"The amount of Aedes breeding can be determined
to some extent by sampling the top layer of soil
and debris for eggs. This method can be of value in
special locations but is ofter more time conusuming
and less accurate than larval sampling. Several
methods have been devised for this purposc. In
one mecthod the soil samples are tun through a
series of three concentric scrcen eylinders, which
operate in a water bath, and then through a salt
flotation process in o machine devised for egg sur-
veys by Horslall (£46). A vacuum cleaner has also
been used to pick up eggs from the soil, and shaker
sereens remove the bulk of the soil in equipment
deseribed by Husbands (150). A modified grain
cleaner removes the eggs from soil samples in »
method employed by Gjullin (703). A microseope
is used to recover eggs from the final product in all
three methods,

Tnformation on species and their abundance ean
also be obtained by Hooding soil and debris samples
from suspected breeding aveas. Togys of many species
will hatch within minutes after they are fooded in
summer, Samples taken in spring and fall will
usually have to be held at warmer temperatures for
& week or mere before Hooding. Drying and reflood-
ing may also be necessary to obtain compiete hateh-
ing ol these samples. Several species that develop
in snow water pools produce oniy one gencration a
year, and samples taken in the fall may requirs
exposure to cold temperatures in order to hatch,

LARVAL COLLECTIONS

Larvae are coliceted to obtain information on the
locations of breeding places, the species present,
and their abundance. A series of dips at each loca-
tion will provide information on the species, and
vounts of the larvae per dip will give an estimate of
abundance. Locations of breeding places in rural
areas can be recorded on sections of large-seale maps
showing the township and the section. Colors or
symbols can be used to indicate light or heavy
breeding and other important data. A file of such
information is & quick reference and serves as & val-
uable record if kept up to date.

Breeding places are generally permanent or
temporary. However, the status of a given ares

may change over a period of time. Anopheles, Culez,
Culiseta, and Coquilleltidia develop typically in
permanent breeding places and Aedes species in
places that are normally flooded only for short
periods. Most of these floods oecur only once a year
and produce one brood of Aedes, but additional
hatches of some species may occur if they are flooded
more than once as in irrigation practices.

HAND COLLECTIONS OF ADULTS

Collecting mosquitoes while they are attempting
to bite is one of the simplest methods of obtaining
information on abundance and biting habits of
some species. Collections may be made with g
chloroform tube or some other type of killing bottle.
An effective method is to collect as many mos-
quitoes as possible as they alight to bite during a
10-minute period. Comparative information may
be obtained if collections are made in a series of
selected locations at the same time of the day or
night. A flashlight or other light source will be
helpful if night collections are to be made.

If collection on humans is for comparative pur-
poses, the attraction potential of the individual
should be determined, since differens individuals
do not attract the same number of mosquitoes, The
same kind and color of clothing should be worn for
each sampling period. The number of mosqlitoes
collected may also be affected by the dexterity of
the collector,

Landing counts on humans are also useful for
obtaining information on mosquitoes that attack
during daylight. The usual procedure is to count
the number of mosquitoes resting on the front of
the trousers at each loeation. Two people working
together may obtain similar information by count-
ing the mosquitoes landing on each other.

Cudex and Anopheles adults rest in dark corners of
buildings, in subfloor spaces, under bridges, and
other similar places during daylight. Collections of
mosquitoes from each of such locations with a suc-
tion tube will yield information on species and
abundance. One-foot-cube wooden boxes with one
side left open have been used to provide uniform
resting stations for this type of mosquito survey.
The boxes are painted red inside and out and are
usually placed on the ground in shaded locations
(121). Mosquitoes should be collected in the morning
because heat may cause them to move to cooler
locations. An 18-inch square of Plexiglas to which
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a handle has been attached can be placed over the
open end of the box (/2). The mosquitoes may then
be readily collected after ehloroform has been intro-
duced.

Information on some species of Culexr can also
be obtained by collecting the mosquitoes as they
alight on the collector. Other species do not or-
dinarily leave their shelters before sunset, and they
begin to return to them before sunrise (112), Col-
lections made during the day would therefore yield
less inlormation.

TRAP COLLECTIONS OF ADULTS

The New Jersey-type light trap is very useful for
sampling populations of many mosquito specics.
The traps arc placed in strategic places throughout
the arca and are operated one or more nights a week.
They shoukl be huny in open spaces with the light
5 or 6 feet above the ground and in locations where
the light from the trap will not compete with other
lights. The current for operating the light, and fan
in thesc traps can be switched off and on manually,
but it is usually more convenient to equip the trap
with an electric eye or time clock switeh.

1i weather conditions vary considerably, the num-
bers taken in trap colleetions may be variable and
may nol reflect the actual populations present un-
less the teaps are nperated more than once a weck.
Factors aflecting the collecting efficiency of this
type of trap have been studied by Barr et al, {I5}.
Large numbers of mosquitoes and other insects will
often be collected in these traps.

To reduce the time required for handiing mos-
quitoes in large collcetions, one-half or one-fourth
of the eatch can be identified to give reasonably
accurate totals (39). The traps often do not give
reliable data on the relative abundance of difierent
species since some are more attracted to light than

others (145). Also, in some areas or at certain times
the mosquitoes are not active at night because of
lower temperatures.

A portable light trap operated by a car battery
may be used where line eurrent s not available (243).
Smaller traps of this type are operated by dry cell
or 6-volt car batteries (201, 262).

Carbon dioxide is stimulating to many species
of mosquitoes, and the numbers taken in light traps
can be increased by placing a piece of dry ice on or
near a trap. A signilicant increase in the numbers
collected is produced by the release of 125 ml. of
this gas per minute (49).

Aosquitoes may also be captured alive in a large
trap mounted on a two-wheeled trailer (228). This
teap is a modification of the New Jersey-type light
trap, but the mosquitoes do not have to pass through
the blades of a fan.

Chamberlain and Lawson (58) designed a rotating
trap operated by a gasoline or electric motor with
two or four projecting arms to which screen nets
are attached. Cloth bags are fastened to the small
open end of the funnel to hold the captured insects.
The nets may be adjusted to operate at VATiOUsS
levels. By mounting one cone of this trap on the
fender of an automobile, continuous samples of the
mosquito population can be taken. A 2- by 8-foot
screen funnel trap mounted on the cab of a pickup
truck has been used by Provest (217) to collect
mosquitoes.

Several animal-baited traps have been used to
collect mosquitoes (186). Data on Anopheles species
that do not remain in accessible shelters during, the
day have been obtained in the Tropics by this
method. The Malaise trap has also been used suc-
cessfully for mosguito surveys (41} and has Dbeen
more cffective than animal-baited traps for some
species (85). Four sampling methods to measure
Culex tarsalis adult popul.tions have been com-
pared by Hayes et al. (186).

COLLECTING, PRESERVING, AND IDENTIFYING SPECIMENS

COLLECTION

Specimens to be prepared for study in the labora-
tory or 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 is a convenient
implement for collecting mosquito larvae and pupae.
They may be removed from the dipper with an eye
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dropper. The tip of an ordinary eye dropper is
usually too small to suck in full-grown mosquite
larvae or pupae. The opening can be enlarged by
breaking off the glass tip. The edges should be fire-
polished.

The larvae and pupse can usually be reared in
the lsbaratory. Since young larvae are often diffi-
eult to identify, they should be reared to the fourth
instar. Por correct identification it is often neces-
sary to vear the larvae individuslly so that the
larvat and jupal skins can be saved and associated
witii Lire emergine acults.

Adults

The most useful specimens of adult mosquitoes
e those prepared as soon as they are killed or
collected. Those reared from pupae shoukl not be
killed Tor about 24 hours after emergence to allow
themy time to hiarden.

Clloroform is widely used as a killing agent for
adults, A satisfactory killing container can be made
by placing a layer of eut rubberbands or other small
pieces of rubber ahout onc-half inch deep in the
boltom of a strong glass tube, 1 to 2 inches in di-
ameter. Pour in cnough chloroform to cover the
rubber pieces and close with a cork or rubber stopper,
When the ¢hloroform has been absorbed by the
rubber, tamp in a plug of cotton. On top of the
cotton place a perforated disk of stiff paper cuf to
fill the tube tightly. Such a container will usually
last several days before it needs recharging with
chloroform. A few strips of soft {issuc paper placed
in the killing tube will help lessen damage to the
inseets,

Another hand-collection device is a suction or
aspirator tube made out of u glass or clear plastie
tube, one-half to three-fourths inch in diameter and
12 to 16 inches long., Over one end of the tube is
placed a piece of cheesecloth and a rubber tube over
that. Mosquitoes can then be sucked into the as-
pirator tube and blown into the chloroform tube
t0 be killed.

After a few specimens have been killed in the
chloroform tube, they should be transferred to a
small container. A pill box containing pieces of
soft tissue paper placed over cotton is commonly
used. The mosquitoes are placed between the lavers
of tissuc. Without the tissue paper the tarsal claws
may cling to the strands of cotton and may be

broken. With proper care the tissue can he used
alone, Care should also be taken with the specimens,
as scales and hairs needed for identification are
easily rubbed off,

Adults to Le retained in permanent collections
are best mounted on a minuten pin stuck into a
small piece of cork, through which is passed a larger
pin. A No. 3 entomological pin is generally the best
stz¢ [or holding the cork., The tip of the minuten
pin is then inserted through the thorax from the
underside of the mosquito.

The mounted specimens should be carefully
labeled snd placed in a tightly closed insect box.
The stored specimens should be protected from in-
sect pests and dampness. Naphthalene, paradi-
chlorobenzene, or lindane crystals or dichlorvos-im-
pregnated strips placed in o perforated container
or cloth bag securely fastened in one corner of the
insect box will prevent damage from insect in-
truders. These fumigants must be renewed ac-
rasionally,

PRESERVATION

Ethyl alechol, 70 to S0 pereent, is prabably most
widely used to kil and preserve mosquito larvae
and pupae. Hot, but not boiling, water is usually
preferred for killing where feasible. Some workers
use the KAAD formula (270) as a killing agent. This
formula contains kerosene (1 part), 95 percent. iso-
propyl aleohol (7-9 parts), glacial acetic acid {1 part),
and diexane (1 part). Whatever killing agent i :ed,
it should act rapidly or else the larvae mgy cnew
ofl their lateral! hairs or other hody parts.

The KRAAD formula or Cellosolve (2-ethoxyeth-
anol) kills much more rapidly than alcohol but of
course not so fast as hot water. If the specimens
are to be stored for any length of time in aleohol,
about 2 percent of glycerin should be added. Another
solution for killing and storage of larvac has been
described by Beirne (85). It contains 95 percent
ethyl alcohol {8 parts), distilled water (5 parts),
glycerin (1 part), and glacial acetic acid (1 part).

Ethy] aleohol (70-8S0 percent) is also probably
the most widely used dehydrating material. How-
ever, Cellosolve is being used by a number of workers
and in many respects is more useful than aleohol
since it can be used as a killing, dehydrating, and
clearing agent. Prolonged breathing of the vapors
should be avoided. There are a number of materials
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such us xylene, beechwood creosote, phenol, or lacto-
phenol and the oils of codarwood, wintergreen, and
clove that ean and have been used as clearing sgents.
Tn any case, dehydration and clearing ave improved
by puncturing or otherwise opening the body eavity
of the larvae, However, il this is not done with care,
importaid identification  characters  may be
destroved, Also, most workers cut the abdomen just
above the eighth segment during cither the cleaving
or mounting proeess so ws o obfain o lnteral view
of the siphon and end segments. Balsam is probably
the most widely used mountant; however, cuparal,
palyvinyl alcohol, and similar materials are often
used.

Although  there are numerous provedures  for
mounting mosquito laevae, the following will serve
as examples. Matheson (191) used] hot water to
kil the laevae, sleohol, 30 percent through absolule,
to dehvdrate, and cuparal as the mountant, e
also menlioned using Celtosolve as o dehvdrabing
and clearing agent and polyvinyl aleohol as o mount-
jug medium,

Burton (47 desecibed two methods for making
mounts of mosguito larvae. One fechnigue includes
5 hours' storage of (he larvae o dehyvdrating-
eleaving mixture consisting of cither 70 ml. of beech-
woud ereosote and 23 mi, of 85 pereent ethyl aleohol
or TO mi. of absolute phenol and 23 ml ol 95 pereent
aloohal. The larvae are then eleared in beechwood
ercosote for several minutes and mounted in cither
euparnl or diaphane. The sevond method involves
the use of lielophenol as o clonring agent and polv-
vinyl aleohol as 2 clearing agent and permanent
miguninnt.

Carpenter and LaCasse (57 kil larvae in Peter-
sen's WAAD solution, leave them in the solufion
overaight, and then fransfer them to 70 to 80 per-
vent cthyl aleohol. The larvae are rinsed f{wo orv
theee tinses in akeohol, deiivdrated, cleared for 10
minutes in Cellosolve, then mounted in balsam.
These authors staied that “water-soluble chioral

gum arabic media and polyviny! alecohol have not
proved satisfactory.” They also gave directions for
preparation of pupae, adults, and male terminalia.
Middiekauff (195) also deseribed a method of making
permanent mounts of moscuito larvae,

Mosquito terminalin may be pe rmanently mounted
by clearing first in cold or hot potassium or sodium
hydroxide (520 percent), washing out the alkali
by severu! distilled-water rinses or ncutralizing in
acolic or other seid, then dehydrating, and mounting
with the materinds or by the procedures previously
mentioned. Since several species can be geparated
only by characters of the sexual appendages of the
male adult, proper mounting of the terminalin may
he very important. Staining of the terminalin rven-
ders many characters more pasity seen. In [fact,
some workers consider that staining is required to
sepurate some closely related species. komp (776}
deseribed a method for staining, disseetion, and
mounting of the male terminalin of mosquitces.

INENTIFICATION

The principal adult characters digtinguishing the
Jifferent mosquito species are the shape, size,
coloration, and sealing of the different body parts.
A binocular dissecting microscone with o maognifi-
eation up Lo about 83 X is necessary for snbistactory
examination. For examining certain larval parts
and shide mounts of male terminalin, & microscope
wilhi a magnitieation up to 400 X is often required.
Ciood Highting is needed when high magnification is
used,

Tn the ficld a hand lens with a magnification of
10 or 15 X is satisfactory for provisional identifi-
entions. After some experience one may he able to
identily some of the species with a hand lens or
even with the unaided eye. The keys in this bulletin,
together with the ilustrations, should help o
identify most mosquito species.

HISTORY OF MOSQUITO CONTROL

The mosquita problem along the Cotumbiaz and
Willamette Rivers has always severely affected the
city of Portland, Oreg. In 1924 some of the civie-
minded citizens requested assistance from D. C.
Alote, then head of the Entomology Department of
Oregon State University. His advice and guidance
at meetings of leading citizens of Portland and

Multnomah County heiped to develop what even-
tuaily beeame an cffective community mosquito-
control operation. Mote also brought a supply of
the mosquito fish ((Cambusia affinis) from California
and released them in the Portland area in March
1926.

1 H. Riddel, a resident of Skamania County,
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Wash., was one of the pioneers in mosquito control
in the Northwestern States, His interest in the
mosquite problem in this country led him to cor-
respond with 11 G, Dywr of the Smithsonian Tn-
stitution. Dyar, who had colleeted mosquitees in
Oregon in 1916, provided him with information on
the Dhiology and breeding places of the important,
species in this area. In 1927 Ridde! started a small
mosquito-control operation in Skamania County,
and in 1930 he was in charge of ekl operalions for
the Portland  Chamber of Commeree MMosquito
Control Commitlee, This committee, headed by
Charles Stidd, consisted of the Oregon State ento-
mologist and represenfatives of the eity of Portland,
Multnomah County, amd Jantzen Beach. 1L was
responsibile for raising Munds lor the control pProgeam
for more than 10 years.

G, M. Bradlex of the Tormer Bureau of Ento-
mology and Plant Quunntine, UN, Department of
Agricalture, visited ihe lower Columbia River in
1920 He colieeted some of the more important pest
speeies and made recommendations {hat stimulated
organized action,

Because little was known of the biology and
methods of mosquite control in these western States,
the U, Department of Agriculiure was asked to
underlake a resewrch program. In 1930 Congress
approprinted funds Tor these investigations.

In 1930 W. V. King of the lormer Bureau of
Entomology and Plant Quarantine opened a labora-
tory in Portland and made 1 2 monthg’ survey of
the lower Columbia River and eastern Ovegon. He
examined many breeding places tn several counties
slong the Columbia River and made hundreds of
larval and adult collections of mosquitoes for iden-

tification.  Aerial pictures of maosquito-breeding
areas bordering the Columbia River near Portland,
which were made under his direction, were ulso very
useful in investigation and contre! operstions,

An allotment of funds from the Civil Works Ad-
ministration {257) in 1933-34 made it possible to
carry on a large brush-clearing program, which
frcilitated mosquito control in many areus. This
work was conducted in Multnomah, Columbia, and
Tillamook Counties in Oregon and in Iitsap,
Skamania, and Clark Counties in Washington.

An enubling act lfor the organization of mosquito-
abatement districts in Oregon was passed by the
State legislature in 1940. Because of opposition in
many areas of the Slale to any increase in toxes
at that time, the act stipulated that only counties
having an assessed valuation of $100,000 or more
could form abatement. districts under this law. This
law was amended in 1959 so that any county can
now organize a mosquito-abatenent district under
ils provisions. A State mosquito-control law was
passed in Idaho in 1959 and a Washington State
law of 1957 was amended in 1059,

Organized mosquito control has been carried on
continually in Portland since 1933 and soon after
that throughout AMultnomah County. Major mos-
quito- and  veetor-confrol organizations in 1965
tolaled about 15 in Oregon and seven in Washington.
Idahe had only one organized but inactive district.
T'here were, of course, numerous small communities
doing continuous or intermittent control work.

The mosquito-control investigations originally
undertaken hy the LS, Department of Agriculture
at Portland in 1930 were transferred to Corvallis,
Oreg., in 1946 and continued there until 1968, when
the station was c¢losed,

COMMON TYPES OF CONTROL PROBLEMS

Dilferent  types of mosquito-vontrol  problems
orcur in the Northwest. In some areas they are
caused by floodwater, in others by irvigntion, and
in some by snow water pools. Mosquitoes that
breed in permanent or semipermanent pools will
uzually be found it most localitios.

FLOODWATER

Aedes verans and A, stictieus, which develop in
large numbers along the borders of the Columbia
awmd other rivers, create one of the most important

mosquito problems in this region, The larvae hatch
in the spring or carly summer when the streams
overflow areas such as willow and cottonwood
swales where the eggs have been laid. The eggs of
these species arc dormant when temperatures re-
main below 45°-50° F. (177). Partial dormancy of
the cggs may continue until some time in June so
that. only some of the eggs are hatehed by floods
aceurring in April or May.

In some sensons the larger rivers may rise, recede,
and rise again to cover the same egg heds and pro-
duce an additional hatch. In other scasons two or
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three successive rises may occur, each of which is
higher than the last. Females that emerge in the
first hatch may lay eggs that will hateh in the second
or third rises of the river, The Columbin may rise
from its normal level of about 8 fect fo 24 or even
to 30 feet during a flood crest. Most of the eggs are
laid between the 10- and 20-foot evels, and some of
the eggs that are not flooded during a series of low
flood erest vears remain viable Tor as long as 4
years {104},

Lavge Aedes vexans and A, sticticus breeding nreas
have been managed efficieatly by coutrolling water
levels =hove the Ronneville Dam, Dikes have pre-
venled flooding in other areas. Clearing of brush
has been of value in some special loeations. How-
ever, control of the major section of these types of
breeding arcas must often be accomplished with
insecticide sprays against the larvse or with pre-
hateh insecticide applications (284). These appli-
cations to dry potontial breeding arcas can be very
hazardous to wildlife and must be avoided except
where the noed is fully justified by the magnitude
of the mosquito problem.

IRRIGATION WATER

Breeding places for several mosquito species are
provided by irrigation water. cledes dorsalis, A.
melanimon, A, rverans. and oL, nigromaculis ave
among the most important species that may develop
when water is applied and stands for a week or 10
days. Other species such as Culer tarsalis, Culisela
inornata, and A nopheles freeborni may be produced
if wator remains {or longer periods. Tremendous
numbers of mosquitoes breed in many areas where
uncontrolled irvigation is practiced. Airplane ap-
plications of inseelicide sprays to control the larvae
or adults that have emerged are effective bub are
not a substitute for proper grading,

On smail farms the careful use of water so that
it does not stand for more than 4 or § days is el-
fective in preventing development of moscuitoes.
Application of insecticides may be necessary for
breeding places that cannot be drained. For in-
formation on mosquite prevention on irrigated
farms, see Agriculture Handbook 319 (273).

TIDAL WATERS

Aedes dorsalis is the only species that can breed
in large numbers in both fresh and salt water in the

Northwest. The larvae develop in some coastal
areas where potholes are filled by the higher tides
or whore water levels fluctuate in permanent or
semipermanent pools. Leveling, drainage, or similay
practicos wrn elfective in preventing breeding, but
such areas must be properly maintained. Insecticide
control of the larvae may be necessary where these
metheds are inadeguate or ineffective,

SNOW WATER

In many high mountain meadows and also at
lower lovels mosquitoes breed in pools eaused by
snow melt (fig. 3). Development may require several
weeks at higher elevations. Aedes communis, A.
herodontus, A. fitchit, A, increpitus, and A. cinercus
are the most common species found in these loca-
tions. Usunally there is only one gencration per year,
but the large numbers that may be produced are a
severe annoyvance to those who are working or seeking
reerendion in Lhese areas.

Llimination of hreeding arcas by drainage or
maintenance of constant water levels is practical
in some situations. Insecticide applications might
have to be made by hand or by plane because of
innecessibility to heavy ground eguipment. Pre-
hatch applications of insecticides are used in some
locations but shoukd not be considered in areas that
drain into lakes or streams.

Reliel from adult mosquito populations is often
obtained with airplane sprays, but if the mosquite
populations are widely distributed, even large-scale
inseeticide applications may not provide adequate
protection (280}, Some protection may be ohtained
for smuller areas by applying residual sprays to the
vegetation and ground around the area to be pro-
tected. However, like prehatch applications, such
treatments can be a potential hazard to wildlife
(744). Hand- or power-operated aerosol equipment
can also provide protection for several hours.

PONDS AND ARTIFICIAL
CONTAINERS

The mosquitoes that lay their eggs on the water
are usually found where water is present contin-
uously during the season or at least for several weeks.
Such locations include natural permanent ponds,
log ponds, semipermancnt ponds of various types,
and artificial containers. Culex larsalis, C. p. piptens,
C. peus, Anopheles freeborni, A. punciipennis,
Culisela incidens, and C. inprnala are commonly
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covered mosquito breeding site; 8, same aren after snow had melted, Mosquitoes deposit
¢Egs in moist soil after water is gone,
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found in such places. C. tarsalis and C. p. pipiens
develop in large numbers in log ponds (fig. 8). C.
p. pipiens also develops in large numbers in sewer
drains, septic tanks, and waler left in artificial
contwiners. Coguillettidia perturbans i lound in
permanent water in swamps and marshes that have
emergent or floating vegatation.

Inscetivide sprays are often used effectively to
control most of these species, except those breeding
in arlificial containers. Cesspools should be kept
covercd, muxl water standing in barrels, cans, old
lires, and other recentneles should be emptied.
Tarvae ol O, perturhans are diffieult to control be-
cause they are atfached to the roots of plants. Tn-
seelicide  granules  are  somelimes appliedd,  but
climinating host plants muy be the most useful
procedure to control this SpRCIes.

TREE HOLES
Aedes siervensis, A, hendersoni, and Orthopodomyia
signifera are the ovly species that breed in tree holes

in the Northwest. They also may be {pund in other
places, Occasional heavy brecding of A. sierrensis

ox- AT
Figure i.—Dipping for mosquitoes in large log pond in
Orepmi.

ias been noted in artificial containers, especially
rubber tires, though usually not in large numbers,
Onc applieation of 5 percent DDT spray in such
places has prevented development of A. sierrensts
for 3 years (2{5).

CONTROL. OF MOSQUITO LARVAE

ELIMINATION OF BREEDING
PLACES

Wurveys made in conneetion with mosguito-
control projeets should include an engincering survey
to defermine the possibility of climinating mosquito
breeding places. Drainage, diking, filling, or main-
tenance of water levels often serve as permanent
solutions te the problem. A survey should provide
information on the leasihility, cost, and legality of
all such improvements. Easements on propertics
involved may also nced to be obtained. The availa-
bility of funds and the relative cost and effective-
ness of other methods of control will then determine
where permanent control of this type can be prac-
tieal,

Drainage can be a practical method of reducing
breeding areas in many places. It has been used
effectively to control Aedes dorsalis in tidnl marshes
of some coustal arcas. Potholes filled with water at
high tides in these marshes ean be drained by digging
interconnecting ditches that et the water drain
into main channels. Such ditches may need cleaning
every year or so. Drainage has also been successiully
used to remove breeding places in some mountain

meadows (fig. 7). One such arca has remained free
of mosquitoes since 1935, when the ditches were
blasted with dynamite. Little or no maintenance of
ditehes has been required since. The continuous
functioning of this system may have been due in
part to the dense root system of the vegetation in
this area, which helped prevent erosion of the diteh-
banks.

Breeding was also prevented along the margins
of u spring-fed lake by a 3-foot dam that maintained
a constant water level. Maintenance of water levels
in some arcas at lower clevations may permit breeding
by Culer and Anopheles larvae if water margins are
shallow and grassy.

Diking is a very effective method of controlling
breeding places that are fiooded by rising rivers.
However, it may present financial problems if the
reclaimed value of the land is not sufficient, to de-
fray a part of the cost.

The effects on fish and wildlife and soil conserva-
tion should also be considered before any permanent
control measures are begun. In some instances the
rossibility of soil erosion and game reduction may be
sufficiently importani to justify temporary control
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measures with insecticides rather than elimination
of the breeding area.

Breeding of some mosquito species ean also be
prevented by eliminating artificiat breeding places
such as tin cans, barrels, old tires, and unused cisterns
and weltls and by properly covering septic tanks.

USE OF INSECTICIDES

Where it is not feasible to oliminate mosquito
breeding places, the lrvae may be controlled with
insecticides, The choice of insecticide depends on
many fuctors such as cost, effectiveness, and degree
of potentinl huzard to persons, livestock, wildlife,
or beneficinl insects. Status of mosquito resistance
may also be a factor.

Data on the amount and kinds of muterisls used
for mosquite control in the Pacific Nerthwest are
availuble only for Oregon. A compilation of data oh
larvicides, adulticides, and prehateh treatiments in

actuzl pounds of toxieants used in 1966 showed the
following:

Iusecticide Pounds
Malathion. ... .o 16,758
DY T 1,781
Feathion....... ... T 3, 134
Heptachlor... ... ... 0T 1,005
Pavathion, ..., ... T 860
Dichlorves (DDVP). ... ... ... T 221
Lethane 381, .. UV 182
Lindane (ineludes BHC) . ... 123
Abate....oooo T 72
Nuled..... oo T 43
Diwzinon....... ... T 40
Ronnel, ..o T 40
Thanite, ... T i5
Pyretheins...... T 12
TBE(DDDY. ... . . e 12
Aldein.. o 2
Dieldrin,....... ... . o 2
Dursbhaa ., .. . e e e 2
27,365

b Y Y Tt ey -
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Ficune 7. —Mountain meadows drained of surplus meiting snew and seepage water into large ponds held by dums,

rx-2718
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Tn 1963, the first year in which data were compiled,
42,518 pounds were used. DDT represented about
80 percent of the fotal for 1963 but only about 17
percent for 1960.

Larvicides may be applied undiluted, as solutions,
aqueous suspensions, dusts, or granular formula-
tions. The choice of preparation depends on the
purpose intended, presence or absence of desirable
plant snd animal organisms, type of vegetation,
and other factors. FProm the standpoint of burning
of vege{ation and spotting of cars, houses, or other
objects, aqueous suspensions are usunlly ltess hazard-
ous than oil sprays. Flowever, oil sprays are gonerally
less hazardous to fish or fish-food organisms, except
for some surface-feeding speeies, Granules are usually
the most costly to usc.

The choice of formulation and the amount of
toxicant per acre depend to some extent on such
factors ns water depth, amount of aquatic vegetation,
and degree of Insecticide resistance, if any. Granular
inseclicides easily penetrate vegetation (90, 97, 98,
232}, bul insccticides in deep water may be diluted
too much. Therefore, an oif f ormulation that floats
on the water would probably give better results,
though oil might kill the vegetation. Some pre-
liminary cxperiments may be necessary, but generally
one should use the lowest amount of insecticide and
the most cffective formulation to do the job. Re-
search suggests that smaller amounts of sprays may
be required in the future (172, 197, 256). In fact,
low-volume (1-10 flutd oz. per acre) sprays appear
to be not only more effective but less costly than
conventional sprays (194).

CONVERSION TABLES FOR
LARVICIDE APPLICATIONS

Mosquito-control workers frequently have to
convert larvieide applications from pounds of toxi-
cant applied per acre to parts of toxicant per million
parts of water or vice versa. Tables 2 and 3 should
prave beipful. They were prepared by the late
W. W. Yates, Entomology Research Division, and
later modified slightly by C. N. Smith, formerly of
this Division.

Tanuy 2.—Equivalent amounts of insectictdes applied
to flooded areas based on pounds per acre

Parts per million
{wt./wt.} in waler

Grams
Pounds Grums per 160 12 1
per per seunle inches inch
were aere feet teen deep
D006, ... 2.27 0.0052  0.0184 {3.02208
N1 P 4,54 0104 L0368 04416
R 4187 T .80 R 00552 L0662
A5 11,34 020 00020 R
O50. ... 22.68 052 L0184 L2321
075....... 34.02 078 0276 a8t
0o 45.36 04 03068 442
A5 L 65.04 L1506 0552 662
20 L. 90.72 L208 0736 .B83
£ S . 113.4 .24 L0020 .10
A0, 226 .8 .52 L1884 2.21
T .. 340.2 Ji8 276 3.31
1.00 ... .. 453.6G 1.4 363 4.42
1.25 ... ... 567 .0 1.30 .460 5.52
1.5 .. 68G.4 1.56 .ha2 $.62
2.0 . a07.2 2.08 .36 8.83
2.5 . 1,134.0 2,460 .820 11.04
3.6 ........ 1,360.8 3.12 1.104 13.35

TasLE 3 Pounds per acre equivalent lo parts per
million (wt.fwt.) of nsecticides applied to flooded areas

Pounds per acre in water

Paris
per 1 inch 4 inches 12 inches

million deep deep deep
1.0, . viinns 0.226 0.904 2,716
[ & 203 814 2.444
B s (181 .723 2,173
I 138 633 1.001
JR - TR .136 542 1.630
I T 113 .452 1.358
I .0%0 362 1.086
5 S 068 271 .815
[ 7 045 .181 543
i .023 .090 272
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CONTROL OF ADULT MOSQUITOES

LEffective control of adult mosQuitoes in the open
and in buildings can be accomplished with aerosols
antt space or residual sprays. Window screens, re-
peilents, and bed nets also provide eflective protee-
tion from mosquito annecyance,

Very smnll dosages of some of our presently
available insccticides are needed for outdoor spray-
ing and some of these can be safely sprayed over
inhabited areas, Control of the adults is often more
expensive than larval control, since adults disperse
over wide arens nud for considerable distances from
their breeding places. However, when the adults
are concentrated in small areas, control of adults
i preferable Lo larviciding.

CONTROL IN BUILDINGS

Alosquitoes can e largely kept out of dwellings
by sereening all windows and air vents, Screen size
should be about 18 by 18 mest: or smaller {9).

Acrosols and sprays may be used to kill mos-
quitoes in buildings. Droplets having a diameter
of 0.1 to 50 microns have been classed ns aerosals
and fogs and those of 50 to 400 microus or larger
have been considered as sprays. ’ressurized con-
tainers sold to control Hying insccts usually contain
pyrethrum or certain other insecticides and can be
used effectively. Sprays produced by hand- or power-
operated equipment may also be used, but the larger
droplets will settle mueh more rapidly and are thus
less eileetive.

Residual sprays applied to the interior of dwellings
are very effective against adult maosquitees. DDT
applied at about 200 mg. per square foot has been
successfully used in worldwide control campaigns
against disease-carrying mosquitoes. Generally the
spray has been applied as an emulsion at the rate
of 1 gallon of 5 percent DDT for each 1,000 square
feet of surface. Such applications have been ef-
fective for several months,

CONTROL OUTDOORS

Pyrethrum was one of the first materials found
to be efiective for controlling adult mosquitoes out-

doors. Spraying the ground und vegetation with the
insecticide gave protection against mosquitoes in
studies made in New Jersey in 1936 (102). New
materials and methods now make it possible to
destroy mosquitoes over large areas much more
effectively and at a lower cost,

As space sprays or fogs, DT has been applied at
0.2 pound per aere and malathion at 0.1 to 0.5
pound per acre (718). Davis and Gahan (80) found
that fenthion and naled were more effective than
these materinls against the DDT- and malathion-
resistant salt-marsh mosquito Aedes taeniorhymehus.
Mosquitoes will rapidly infilivate sprayed areas if
large and widespread populations are present. Re-
spraying at 2- to 4-week intervals is often necessary
under these conditions (280) but only should be done
when needed.

Low-volume (1-10 oz. per acre) aerial insecticide
Sprays appear promssing for controlling adults as
well as larvae (3, 119, 120, 172, 197, 256). The
amounts needed in future spray operations will
nrobabiy be considerably less than those now used.

Mosquito annoyance around buildings in un-
protected areas can be reduced by residual sprays
applied to the grass and other vegetation to a height
of several fect (32). During periods of flight activity
such treatments may provide poor protection since
infiltrating mosquitoes may cause considerable
annoyance before they are killed. Good control has
been obtained in Oregon against snow water Aedes
with both DDT and lindane (144).

Aerosols and fogs are widely used to control adult
mosquitoes. These may be produced by & variety
of hand-carried, automotive, and aerial equipment.
The more commonly used insecticides are malathion
and naled. They are prepared mostly as diesel or
fuel oil solutions, but other formulations are some-
times used (81, 220). Although operation data vary
with the machine and materials used, some of the
larger fogring units discharge at a rate of 40 gallons
per hour,

Aerosol and fog droplets are very small and may
remain airborne for long periods after they are
emitted, Lffective control requires movement of the
msecticide clouds by air currents in the desired
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direction al speeds not greatly exceeding about 3
miles per hour, High winds will carry the insecticide
away before it can destroy the mosquitoes. The
ground temperatine should be as cool as or cooler
than the air temperature since the droplets will rise
rapidly out of range il the lemperature conditions

1.8, DEPT. OF AGRICULTURE

are reversed. Favorable weather conditions oceur
more frequently during the late evening and early
morning. The wind direetion, an important limiting
factor with ground equipment, is more easily avoided
with airplane applications since crosswind appliea-
tions can e made.

NEW MATERIALS AND METHODS IN MOSQUITO CONTROL

The possibility of controlling inseets by intro-
ducing sterilized males into nalural populations was
sugpested by Knipling (174) in 1947 38. The first
suceessiul  eradieation  experiment utilizing  this
melhot was veporled for the screwworm fly
(Cochliomyia hominiverar {Coquerel)) by Baumhover
ot al. (20). A sevond and even more important sue-
cossfu! oradicsalion venlure was reporied for the same
inseclt by Knipling (£75). In the screwworm eradi-
cation experiment and progriun, male flies sterilized
by gamma irradiation were released in sufficient
numbers Lo outnumber wild males. The cggs of Lhe
normal Temales that mated with the sterilized males
dil not hatch, and complete eradication of the fly
was aecomplished (775).

The release of male mosquitoes sterilized by this
method in field experiments with Aedhis aegypli
(196} and  Anopheles quadrimaculatus Say (277)
bas so far been unsuceessful. Dame et al, (79) con-
ducted extensive field studies with A. quadrinacule-
s and concluded that the lack of success was due
to behavioral deficiencies in the colonized males
released. Turther studies on mating hehavior such
as those conducted by Tantawy ot al. (265) with
Anopheles pharoensts Theobald may provide the
information needed for the sueccessful use of this
methodd,

Data to support the possible use of cytoplasmic
incompatibility as a means of eradication of Culex
pipicns pipiens have been reported by Barr (17)
and of Culex pipiens fatigans Wiedemann by Laven
(177). In this technique incompatible strains are
crossed. Eggs produced in such @& cross result in
progeny that die in the embryonic stage.

Much research has been carried on in search for
chemicals that ean be successfully used to sterilize
insecis. Informatiion on insect chemosterilants has
been reviewed by Smith et al. (246). Turther re-
search is needed; however, conirolling mosquitoes

by the sterility principle may hold promise for the
future, as shown by studies by Patterson ot al, (209).

Comparatively little rescarch has been devoted
to the role of attractants in mosquito behavior, but
sonte intriguing evidence of the importance of at-
tractants has been developed. There is evidence
that fomale mosquitoes may be ussisted in finding
their blood host by certain chemicals emanating
from the host. Other chemicals may lure opposite
sexes together and thus facilitate mate-finding. 8¢ill
another sct of chemicals may attract female mos-
quitoes to their oviposition sites.

t-Lactic acid, emanating from the human skin,
is attractive to females of Aedes aegypii that arc
seeking a blood meal (8). Lysine and alanine have
also been reported attractive to this and to cerfain
other species (44)-

Temales of Culisela inornale produce a substance
that is attractive to males (171), and males of some
specics of Culex produce a substance attractive to
females (715). Attraction of males to females may
be more usuwxl. Thus, females of several kinds of
inseets, including certain flies, moths, bees, and
cockroaches, are known to release chemicals that
Jure the males (153, 154). However, the presence of
this lure may be difficult to demonstrate. For
example, female house flies produced » substance
that tured males into an olfactometer though it was
not very active, More attraction occurred when the
extracted material was presented in “pseudo-flies,”
or knots of string about the size and shape of a female
fly (234). o

Ovipositing mosquitoes prefer waters contamning
certain chemicals (or gases) to waters otherwise
similar but lacking these substances (106, 109, 110).
Further research might provide stronger attractants
that could yield new approaches to mosquito control.

New developments pertaining o the use of low-
volume acrial applications of insecticides in rmos-
quite control have heen discussed previously (pp.
21-22),
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INSECTICIDE DISPERSAL EQUIPMENT

Many types of hand-operated, automotive, and
aervial equipment are available for dispersing in-
secticides for the control of mosquitoes. Publications
by the U8, Department of Agriculiure and the
American  Mosquito Control Association provide
much information on this subject (6, 8). The lig-
uefied gus aerosol bomb is very useful for killing
mosquitoes in buildings. A simple dispenser for
granular insecticides consisting of a shoulder-sup-
ported bag and conneeted tubular wand is also very
useful (2/8). Two types of compressed-air guns
have been developed for distributing granules from
vehicles (168, 219). The maximum efeetive throw
is approximately 40 feet for 16-mesh sand core
granules,

Motor-driven  hydraulic  and compressed-air
sprayers mounted on pickup trucks are widely used
for applying larvicides and residual sprays to vege-
tation. Isank and Hong (/52) obtained constant
sutomatic pressure for compressed-air sprayers by
instatling a different type of compressor. In mist
blowers the spray is released into the airstream of
& fan, which imparts greater velocity to the droplets
so that wider swath widths can be covered. This
type of equipment is used for larviciding and for
residual and space-spray applications, There are
also a number of power-driven mist spray machines
amd dusting machines that ean be carried by hand
or on one’s back. They ean be used for larviciding
or adulticiding and are very useful for small jobs
such as around parks and campsites,

Aerosols or Togs are produced in some machines
by dry heat and in others by steam. Some machines
use compressed air for this purpose (151, 279). Most
of these are designed to be transported by vehicle
or by boat, but small types are carried by hand.
Aerosuls may be produced by introducing the in-

secticide solution into the hot exhaust gas of a motor
vehicle {(165). The exhaust method has also heen
used to disperse nerosols by plane (2413,

The use of airplanes represents g very effective
and economical method of distributing insecticides
where sufficient area is being treated to justify their
use. In California, which uses more mosquito-control
insecticides than any other State, the materials
are applied mostly by airplane. Information on
aireraft use in California mosquito control sueh
as kind of airplane, hours lown, acres treated, cost
per acre, and other data can be found in the Caji-
fornia Mosquito Control Association Year Book (48).

Several different planes ranging from Piper Cubs
to the twin-engined C-47 have been used. A jet-
propetled plane has also been found to function ef-
fectively for this purpose (186}. Much mosquito-
control work has been done with the PT-17 Stearman
plane, which became available as surplus after
World War 11, Commercial planes built for spraying
and dusting have also been used.

In nearly all these planes the spray is delivered
from nozzles spaced at intervals on a spray boom,
which is attached to the underside of the wings, A
single rotating brush turned by a free propeller has
also been used to produce the spray. The insecticide
enters the brush from a pipe projecting beneath the
aircraft. Insecticide granules have been applied from
planes with various types of distributors, but im-
proved distribution has been obtained with wing
airfoils and conveyor belts that move the granules
from the hopper to the wing (273, 282).

Helicopters are useful and highly effective in many
locations, but so far they have proved too expensive
for general use. It is very likely that the kind or type
of plane and equipment used will change significantly
because of changes in the amounts of insecticide
applied and improvements in formulations {5, 184).

MOSQUITO RESISTANCE TO INSECTICIDES

"The resistance of Culer tarsalis to DDT in Oregon
was apparently the first case of mosquito resistance
reported in the Northwestern States (Eddy et al,
86). Resistance at that time was apparently con-
fined to one area, but since then it has been found
in several other areas of Oregon. Some slight re-
sistance te DDT, dicldrin, and heptachlor has also
been found in Culer pipiens pipiens and €. neus but

not in other species. Several reports have been re-
ceived on resistance of C. tarsalis to malathion, but
so far there has been no real resistance to this or
other organophexphates. However, in view of de-
velopments in other States, resistance to at least
some of the materials could be expected.

Mosquito resistance to insecticides is apparently
greater in California than in any other State. Re-
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sistance of Culez larsalis to DDT was reported by
Smith (247). Resistance in both Culex and Aedes
was noted by Gjullin and Peters (115) and involved
DDT, aldrin, heptachlor, toxaphene, and lindane.
Resistance to these materials forced mosquito-
control agencies to switeh to organophosphate com-
pounds. However, by 1956 €. tarsalis had deveioped
consicorable resistance to malathion (Gjuilin and
Tsank 108). At that time there appeared to be no
resistance of Aedes to malathion or Aedes or Culex
species to parathion or EPN. However, resistance
of Aedes nigromaculis to parathion was reported by
Lewallen (/78) and Lewallen and Brawley (179
and to malnthion, methyl parathion, and [enthion
by Brown et al. (46) and Gillies {101).

In tosts with organophosphorus-resistant Aedes
nigromaculis in California, Lowallen and Peters (180)
stated that “Dursban offers the best prospect of
reestablishing control of A. nigromaculis resistant
to ethyl and methyl parathion and also fenthion.”
Those authors further stated that “there appears
to be some cross-resistance to Abate in this species,
However, it would not scem unreasonable to assume
resistance to these materials will develop if they
beeame widely used.”

orida has also experienced a mosquito-resistance

problem, especinlly the vesistance of Aedes taenior-
hynchus to the chlorinated hydrocarbons (167).
According to Rogers and Rathburn (288), by 1955
severnl Florida mosquito-control districts were re-
porting failures with BHC and dieldrin, the most
widely used substitutes for DDT. Resistance of 4.
taeniorhynchus to malathion (sixfold to fourteenfold}
was reported by Glancey et al, (718). This apparently
represents the [rst confirmed resistance of mos-
quitoes to an organophosphorus compouwnd  in
Tlorida. Further resistance of A. {aentorhynchus to
malathion was reported by Gahan et al, (96).

Tesistance in one or more mosquito apecies of
the Northern States has developed ab o slower rate
and is less extensive than in California or Florida
(263).

Some progress has been made in nuliifying organo-
phosphnte resistance in mosquitoes. For example,
resistance to malathion in Culer tarsalis was found
to be due to an increased ability of resistant strains
to detoxity the insecticide (33). ‘The effect of resis-
tance of this species to malathion has been reduced
and the usefulness of malathion restored about
fftylold by adding materials that block or interfere
with degradation of the toxicant (213, 214). Although
further research is needed before their practical use
can be ascertained, the information is encouraging.

MOSQUITO REPELLENTS

Research on mosquito repellents during and im-
mediately after World War II by the 7.8, Depart-
ment of Agriculture (272), chemical industries,
universities, and others resulted in many new ma-
terials that were far superior to citronella oil. Two
of the most ellective materials were 2-ethyl-1,3-
hexanediol (/22) and dimethy! phthalate (269). The
more cifective mosquito repellents tested ab the
Orlando, TFla., laboratory during 1942-47 were
reported by Travis et al. (270). Those selected for
use on man have been discussed further by Travis
and Smith (271). Data on the repellency and in-
secticide toxicity of several thousand compounds
fave been compiled by the US. Department of
Agriculture (169, 274).

This resenrch resulted in the synthesis of many
new compounds (184), of which N, N-diethyl-m-

toluamide (later shortened to deet) proved out-
standing. The effectiveness of this and other ma-
terials as skin and clothing treatments was reported
by Gilbert (99} and Gilbert et al. {(100). Diethyl-
toluamide is more effective against a wider range
of species than either 2-ethyl-1,3-hexanediol or
dimethyl phthalate. During World War II the
Armed Forces used a preparation containing more
than one repellent, mainly because the mixture was
effective against a greater number of arthropod
species than any of its ingredients alone.

Repellents in current use are irritating to the
eyes or more tender areas of the body. They also
may damage or affect paints and some synthetie
produets but not cotton or wool. Many can be used
on the skin or outer clothing and may be satisfac-
torily applicd in sprays or rubbed on by hand. Cloth-
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ng properly impregnated with solutions or emulsions
of repellents will usually give several days’ protec-
tion against mosquitoes. Some of the commereial

preparations are available in conveniens dispensing
containers such as those confaining deet and ethyl
hexanediol.

PRECAUTIONARY MEASURES IN USING INSECTICIDES

‘The insecticides used to control mosquitoes are
similar to other chemicals in that if used improperly
they may be injurious to many living organisms.
Selection of an insecticide should be made only
after fully evaluating its potential effects against
the plant and animal species present in the arew to
be treated. Both immediate and long-range effects
should be carefully considered. Iixcessive amounts
should never be applied. n fact, & dosage lower than
erdinartly recommended may often prove adequate,

Mosquito control can be effectively and safely
achieved if sufficient precautionary measures are
taken. Reading the label and following instructions
are important, However, anyone planning to use
insecticides in mosquito control should beeome
thoroughly familiar with the product he plans to
use. He should obtain as much information as pos-
sible about its potential effects on the equipment
operator, the exposed public, pets, livestock, fish
and wildlife, and beneficial insects including bees.

INFORMATION ABOUT INSECTICIDES
AND POISON CONTROL CENTERS

In most States, information on the toxicity,
hazards, und safe use of insecticides can be ob-
tuined from the State Board of Health, State De-
partment of Agriculture, or State experiment station.
Por example, data in Oregon on insecticide identi-
fication, toxicology, precautionnry measures, pro-
tective devices, and so forth are available from the
occupational heslth or hygiene sections of the State
Board of Health, Also, excotlent and often complete
inlormation on specifie chemicals can be obtained
from the manufacturer,

Valuable information is availabie from various
Federal agencies, The U.8. Public Health Service
has information and facilities for handling actual or
suspected cases of poisoning at Wenatchee, Wash.,
Atlanta, Ga., and Phoenix, Ariz. Poison Control
Centers have been established in several cities
throughout the country. A “Directory of Poison

Control Centers,” U.8. Food and Drug Adminis-
tration publieation (FDA) 72-7001, may be pur
chased from the Superintendent of Documents, U.S.
Government, Printing Office, Washington, D.C.
20402, The publication “Clinical Handbook on Eco-
nomic Poisons” by Hayes (187) includes many of the
more commonly used insecticides. Although it was
prepared primarily for the guidance of physicians, it
should prove of value to mosquito-control workers
and others involved in the vse of chemieals.

An up-te-date list of approved protection devices
for various insecticides can be obtsined from the
Entomology Research Division, Agricultural Re-
search Service, U.S. Department of Agriculture,
Beltsville, Md. 20705. Such a list is important be-
cause some equipment will protect against some
compounds but not others.

KEYS AND NOTES FOR MOSQUITO IDENTIFICATION

A total of 53 species of mosquitees, representing
six genera, have been collected in Washington,
Oregon, and Idsho. Keys for their identification
are based on charactors provided by many earlier
taxonomists who have studied these groups, by
Inore recent contributors (24, 57, £76), and by the

writers. Only the more essential characters for each
species have been included, and recent Synonyms sre
given.

The names and locations of the characters used
for identifying these species are shown in figures 8
fo 17.
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Frauns $.—Lxternal characters of female mosghito.
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Ficuke U.—>Masquita head aml thorax, lateral view. ks,
hypostigial spot of seales; pas, posteoxil seale pateh; er,
coxn,  Helerites of thorx: 1, Anterior pronotum; 2, pro-
cpistermuin; 3, postpronotum; 4, mesunepisteraum; 5,
prealar ares; 9, sternopleuron; 7, mesepimeron; §, met-
episternum; 9, metasternui; 10, metepimeron; 11, post-
notum; 12, meron. Setne: apr, anterior pronotal; ps,
proepisternal;  pp, postpronotal; sy, spiraculir; PSP,
postspiracular; i, prealar; stp, sternopleural; ume, upper
mesepimeral; fie, hower mesepimeral.

EOATAL CELL
oo Bareo= - T

BUBCOSTAL CELL
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Frouni 10.—Aedes wing: fI-¢, humeral cross vein; C, costa; Se, subcosta; Pt, peticle of vein 2; &, 2.1,
2.2, 3, 4.1, 42, 5.1, 5.2, and G, longitudinal veins and their branches.
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Fiovus .- ~dedes male genitalia, dorsal view: B8, basistyle;
Se, sende; BE, busad lobe: Mes, mwsosome; L9, lobe of ninth
tergite; 87, ninth tergite; DS-CY, dististyle claw; D3,
dististyle; AL, apicnl lobe; F, filament of claspette; Clsp,
cluspette; HIN, tonth sternite; P, paramere; B, hasal plate,

oC

APN
PPN

PBS

5P8

PMM

Flaues 12.—dedes Lthornx, ventral view: OC, oeciput; APY,
anterior pronotum; PPN, posterior pronotum; PR,
probasisternum; SPB, sternoplenral bridge; PV, post-
muednsternal membrane.

Flavue 13.-Ride of thoray showing seling: A, Aedes
tmplicatus: B, Aodes COMMUNES,

Fiaune 14.—dedes larva head and thorax. Head: 3, Anten-
nal tult; 4, postelypend lairs; 5, upper head hairs; 6, lower
head hairs; 7, preantennal hairs. Prothorax (Pro): 1-3,
Submedian hairs; 4—7, dorsal hairs, Mesothotax {Meso):
1-7, Dorsal hairs,  Metathorux {Meta): 1-7, Dorsal hairs,
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Fioure L5—.dedes larea terminal segments.
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Fiours 16.— Anopheles larva head and thorux,
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Fioure 17.—Anopheles larva terminal segments VI, V111,
and XL
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KEYS TO GENERA

ADLULTS
L. Seutetflum trilobed with marginal setae on lohes only; palpi of females much shorter than prabosels. o . 2
Seulellun ereseent shaped with marginal setae evenly distributed; palpi of females almast 45 lung as pro-
hoseis . . . . .. o e . Anopheles
20 Mesonotuni with sarrow paired white lines, converging half lines, nml white line around lateral margin. . -Orthopodomyria
Mesonotum without this combination of white lines_ _ . b
3. Dostspeacular Lristles present,. | . . . .. .l Aedes
Postspirnewdar bristles ahsent . . . e L ik
A4 Spirneubar bristles prosont . L Culiselu
Spiracular bristles nlwent . . . e 5
B Wing seales bros, light and dark intermixed . . . S C o eecaos Coquiliottidia
Wing seales narrow or slightly brondened, sll dnrk - .. Culex
LARVAR
1. Fighth segmeni without dorsal siphon or respiratory tube e e Anopheles
Eiglth segment witl elongated siphon or respiratory tube e e 2
Sonrlube withoul peeten T T e e 3
A tube with peeten . . el e . 4
3. Distal hadf of air tube sitenuated with saw-toothed projection at i adapted for piereing plants. . . _____ Coquillettictia
Air tube exlindrienl and elonguted . . o . s e oo Orthopodomyia
4odir tube with ventral tufts at base L. e Culisete
Adr tube with tufts within pecton teeth or distal to them o . el e 3
3. Air tube with several pairs of ventrul and veeasional lateral Lufts, some of which muy he represented by single
haies . e e e el Culex
Artube with single pair of ventral tults T o o lall Aedes
Eebedes trichurns nlso has severa] tufts on dorsal and Luteral surfnees of air tube,
Genus ANOPHELES Meigen
Keys to Species
ADULTS
L. Wings with yellowish-white spots on costal margin. .. . 2
Wings without spots on costal margin . __ .. T 3
2. Palpi white banded; wings with pale spots an forks und on stem of vein 5. -« o pseudopunctipennis franeiscanus, p. 31
Palpi unbanded; wing sesies on vein & dark TTTTTs e e oL Ll L. punctipennds, p. 32
8. Wings with pateh of silvery or bronze seales ai Apex. e el e 4
Wings dark sealed at apex . . e e el Sfreeborni, p. 30
4 Wings with seales raised on stem of vein 2 between dark spot and fork e . earlei, p, 30
Wings with seales closely appressed on stem of vein 2 between dark spotand ferk. . _._ . . ___ . eecidentatis, p. 31
MALE GENITALLA
1 Claspette stem with dorsal lobe bearing two or three Lroad leaflets; mesosome with very delicate
lmalleLs. . Lt e psevdopunctipennis Sfranciseanus, p. 31
Claspette stem with doreal lohe bearing twn ar three sharp spines; mesoseme with well-developed leaflets. 2
20 Xinth tergile with lohes broad, short, and slightly expanded st apex e e earlei, p. 30

Ninth wergite with nbes long and siender, . -- . punetipennds, p. 32, occidenialis, p- 31, frechorni, p. 30
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LARVAE

1. Outer clypeal hair not branched . ....... ... -
Outer elypent hair branched ... ..

. Tnner clypeal hair usually branched distally ..
Taner clypend hair nob branched . ..

2

Descriptions of Specics

Anopheles (Anopheles} earlei Yargas

Anapheles enrlel Vargas, Pan-Amer. Bur. Sanit. Bol. 220 &
1543,

Anopheles earlel Vargms and Mathoson, Inst. Salubridad ¥
Faferm. Trop, Rev, 9: 27, 148,

Female.—Palpi as long as proboscis, dark brown.
Mosonotum  with  broad  frosted stripe sparsely
covered with short pale-yellow hairs. Wing scales
dark brown with darker spots in some areas, senles
on stem of vein 2 raised between fork and dark
spob; apex of wing with fringe of silver or bronze
sceles. Togs black; apiees of femora and tibiae with
pale-yellowish scales.

Male genitatin.—Claspettes bilobed with two
or three spines on both ventra! and dorsal lobes.
Mososoine with three or four pairs of leaflets. Ninth
tergite lobes shory, broad, and slightly expanded
ab npex.

Larva.—Inner elypeal hair two- to five-branched
distally or rarely unbranched, outer clypeal hair
multibranched; postelypeal hair two- to five-
branched or rarely unbranched. Antepalmate hair
on segments 4 and 5 usually two- 0 six-branched.

Distribution, biology, and importance.—
Early records of Aunopheles sccidentalis from the
Northern States and Canada were found to be
Anopheles earlei after the validity of this species
was recognized (57, 238). Early records from
southern Idaho probably pertain to A. earlet (4,
188, 254). 1t also oceurs in eastern Washington and
northern Idaho {map 1), but it is a relatively rare
species of little economic importance. Larvae have
beon found alone and associated with other anophe-
line species. They have slso been taken with Culex
tarsatis and Culiseto tnornafa larvae.

Anopheles (4nopheles) f reeborni Aitken

Angpheles maculiponnts Srechorni Altken, Pan-Pacific Ent.
15: 192, 19349,

Anopheles freebarni King and Bradley, Human Malaria,
pp. G370, 1941

. psendopunclipennts franciscanus, p. 3t
2

eariet, p. 30

e e e mee 3
3. Antepslmate hair usually single on ubdominal segments 4 and 3 ... . .-
Antepabmute hair usually two- or three-hranched on nbdominal segments 4 anet 5.

_ peetdenialis, p. 31
punetipennis, p. 32, frechorni, p. 30

Female.—Palpi as long as proboscis, dark brown.
Mesonotum with frosted gray stripe bordered by
dark bands; median stripe with haitlike yellowish
scales and small tuft of whiter scales anteriorly.
Wing scales dark brown and aggregated into spots
ub junction of first and second veins, forks of sceond
and fourth, and at cross veins. Legs black; apices
of femora and tibiae with pale-yellowish seales.

Male genitalia (fig. 18).—Claspettes bilobed
with two or occasionaily three spines on ventral
lobe and usually with two spines on dorsal lobe.
Mesosome with three or four pairs of nonserrated
Teaflots. Ninth tergite with long and slender lobes.

Larva.—Inner clypeal hair single, outer clypeal
hair multibranched; postelypeal hair two- or five-
branched. Antepalmate hair on abdominal segments
4 and 5 ususlly two- or three-branched.

Distribution, biology, and importance.—
Anopheles freeborni is distributed throughout the

Floure 18.—Anopheles frecborni male genitalia.
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Northwestern States (map 1). Comparatively large
populations develop in irrigated areas in the Yakima
Valley in Washington and in the vieinity of Scap-
poose, Prineville, and Klamath Agency, Oreg. It
has been asbundant in the irrigated section of west-
central Idsho and is fairly prevalent in the Willa-
mette Valley in Oregon. Morphological varistions
of the larvue have been examined by Abdel-Hab
{1). This and certain other anopheline species are
difficult to separate (4, 57, 95).

The females hibernste in cellars, barns, out-
buildings, and other sheltered locstions. They
enterge from these places by the last part of February
in the warmer parts of this region, but few eggs are
luiid before Aprit or May. Larvae have been taken
along the margins of rivers, creeks, and irrigation
ditches and in ponds, sloughs, and roadside ditches
from early May until frost.

Ecological studies in California of this and other
anophelines have been made by Bailey and Baerg
{10}. Some of the specimens of A. Sreeborni they
released flew as fur as 17.5 miles and lived for 3 and
4 months,

It was the most important maluria carrier in the
Western States before this disease was reduced to
its present extremely low level in the United States.
Western equine encephalitis has been isolated from
it in nature.

Anopheles (Anopheles) vecidentalis
Dyar and Knab

Anapheles oecidentalis Dynr and Kaab, Wash., Biol. See.
Proc. 19: 159. 1906,

Female—Similar to Anopheles earle; but, with
wing seales closely appressed on stem of vein 2
between dark spot and fork.

Male- genitalia—Claspettes bilobed with two
or occasionally three spines on ventral lobe and
usuaily with two spines on dorsal lobe. Mesosome
with three or four pairr of nonserrated feaflets,
Ninth tergite with long and slender Iobes,

Larva (fig. 19).—Tnner clypeal hair single, outer
elypeal hair multibranched; postelypeal hair four-
to 1G-branched. Antepalmate hair on abdominal
segments 4 and 5 usually single.

Distribution, biology, and importance.—
This species oceurs along the Pacific coast from
northern Mexico to Alaska. It is a rare species in
Oregon and Washington and is considered to be of
no ceonomic importance (tnap 1). In Oregon the

i
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Fioure 19.—A nopheles accidenialis larva.

larvae were found near the coast in water covered
with algae in a residual pond and in an open seefion
of a small creek.

Anopheles (Anopheles) psendopunctipennis
Jranciscanus McCracken

Anopheles franciscanus MeCracken, Ent. News 13: 12, 1904,

Anopheles pseudopunctipennis wvar. Jranciscanus King and
Bradley, Human Malaria, pp. 63-70. 1941.

Anopheles pseudopunctipennis franciscanus Aitken, Calif.
Univ. Pubs. Ent. 7: 327. 1045,

Female.—Palpi as long as proboseis, black
sealed with white rings at apices of segiments 2, 3,
and 4. Mesonotum with median gray stripe bordered
by dark bands; median stripe with hairlike gray
scales and tuft of whiter ones anteriorly. Wing
scales black with yellowish-white scales forming
spots as follows: Costa and subcosta with two on
apiczl half, subcosta with two additional ones on
basal half; second vein with small one nesr cross
vein and small one before apex of upper branch;
third vein with small one at base and large one in
middle; fourth vein with small one at eross vein
and small ope at apices of forks: fifth vein with
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amall one at base and large one extending into
lower fork, small ones at apices of lorks and a small
one near middle of upper fork; sixth vein with long
spol at base. Legs black; tips of femora and tibine
with pale-vellowish scales.

Male genitalin {fig. 200 —Claspeties bilobed
with £wo slender spines on ventral lobe and two or
three broad leaflike spines on dorsal lobe. Mezosome
witlt very small nonsercated leaflets, Ninth tergite
with low conical progesses.

Larva (fiz. 20). -Roth inver awd outer chypeal
lairs single and unbranched; postelypeal hair single
and long. Abdominal pulinate haie on segments 3
to T well developed and serrate. Antepabmate hair
one- {o three-branehed on segment o amd usually
single on seginent D Posterior spiracular plates not
developed into “lails™ but rounded.

Distribulion, and

bhiology, importance.—-

This speeies has been found only in extreme south-

Faris 20— nopheles poudopunctipeniis franciscanus midde
gemtalia,

\ \
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Pravies 2. — A nopheles psewdopunctipennis [ reseiscan s
larva,

western Ovegon (map 1). The females prefer feeding
on large mammals such as cows and horses and are
soldom known to nftack man. The larvae are usually
associated wilh Anopheles frecborni along sirveans
in sunny pools containing algae. It is of no cconomic
importance in this area beeause of its small numbers
and limited distribution.

Anepheies {Anopheles) purctipennis {Say})
(ider punctipensis Bay, Acend. Nab. Sci. Phila Jour. 319, 1823,

Femuale.—Palpi as long as proboscis, dark brown.
Mesonotum  with gray stripe bordered by dark
bunds; median stripe with hairtike gray scales and
tuft of whiter oncs anteriorly. Wing scales black
with yellow ones forming spots as follows: Large
one on basal third of costal margin, which involves
base of second vein before fork; smaller one on apex
of wing, which involves both forks of second vein;
third vein with spot at apex or near middle or com-
pletely dark scaled; fourth vein with two spots on
base nnd one spob on each fork; sixth vein with one
spot in middle. Legs black; tips of femora and
tibine with pale-yellowish scales.
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Male genitalin (fig. 22) —Similar to Anopheles
Jreeborni except for slightly broader lobes of ninth
tergite,

Larvae--Tnuer <'ypeal hair single, outer clypeal
hair  multibranched; postelypeal  hair branched.
Antepalmate hair of abdominal segriends o and
S iwo- or three-branched. Antennal tuft usually
inserfed below basal third,

Distribution, biology, and importance.—
This is o common species throughout Washinglon,
west of the Caseade Mountains in Oregon, and in
the northern hall of Idaho {map Y. Usoally the
species is not sufficiently numerous Lo be a serious
pest. The larvae are often assockited with -, free-
borni in elenr shaded pools. Anopheles punctipennis
has heen considered to be of little importance as &
makurin currier, but Gray (£23) believed it may have
beer an Important vector {rom 1830 to 1856 in
Californin.

Fievis 22.—Anophetes punctipennis male genitalia,

Genus AEDES Meigen

Keys to Species

ADULTS
Lo "Farsal segments ringed with white T e o el 2
Farsal segments ual ringed with white T el el i4
2 Tursi weth white rings at both ends of some o all segments. .. T 3
Tarsi with white rings at base of segments only e e e 7
3. Wing sealos blaek awd white inlerminglod . . S e e el 4
Wing senles uniformly dark or with some white seales on anterlor vein. T 6
L Witg seales unifortly motUed Glnck amd white; {tarsul elaw uz in B 208y .0 0 oo .- campestris, p. 38
Wing scules not uniforily mettied e e &
3. Wings with more dark thaa light =eales oo sixth or ann) veing {tarsnd ebaw asin fig. 2 melantmon, p. 53
Wangs with muore light than dack seales on sivth or anal vein; (tarsul elaw as in fig, 143 dorsalis, p. 43
6. Mesonotem golden hrown; base of costn davk sealed. e e e e L ¢ oanadensis, p. 39
Mesonotum with varinlide pattern of pale velowish and dark spots; buse of costa with white seales. sterrensis, p. 61
7. Abdomen with medinn stripe; proboseis vinged with white or oeensionally completely dark sealed. wigromaculis, p. 55
Abdomen without median st tipe; proboscis nat dnged with white .. oS

8. Basnl white ritgs of taeaal SEEMCHts nnrrow (mesonotum uniformly brown; abdominn} pale bands indented

r
ventrnily ) e e vezans, p. 68

Basal white sings of tupal segmeats bromd, espesinlly on hind Wgs. L G
$ Abdamen withont baods and efothed with yellow seules; (mesonotum vellowish brown with darker medinn
nrend e e e Hfarescens, p. 46

Ablomen duek sonded with white or gray doreal bands. . S 10

10- Lover mesepimeral botles ahwent T T e 11

Lower mesepimern] bristles preseat . S e e el 12

L Mesanotwm wilh varighle patlern of brown and while seales; {(tarsad elaw as in fig. 38)_ excrucions, p. 45, fitehii (In part), p. 45
Mesanotum with reddish-tirown serlos exeepl white seales in preseuteliar area; smal) white spots forward of

preseatellar area present or absenl; (tarsal elaw as in fig. 28y . .. . . aloponotum, p. 37
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12, Tori without white scales on dorsul surface; palpt without hairs on basal half of apien segment at inner ventral
GUEFIEO - - oo e e r e et asmseasmsmmeoosoanoEITTIT TRt T increpifus, p. 5l

Tort with white seales on dorsnl surface; or with apieal segment of palpi bearing large hairs on inner ventral
edige; 07 IR BOYH -« + < coe o mm oo i mmmamnam s s s n s nn s st st T T 13

13. Lower mesepimeral bristles rarely more than two; tort with white seales on dorsal surface; (tarsal claw as in
fg. A0) ..o e dai e e e vamamnemeecmmeam e fitckii (in part), p. 45
Tower mesepimeral bristies three or more; tori with or withoui white scales on dorsal surfnee. . . oo .-- stimulans, p. B4
14, Wing seales distinctly bicotored .. ... .- e s USRS PP L 15
Wing seales uniformly dark er with some white seales on unterior veins. ... e e rman = 16
15. Lower mosepimersl bristles present; wing seudes light and dark, intermixed with dark predominating. -. niphadopsis, p. 56
Lower mwesepimera] hristies nhsent; wing seales black or white on alternating veins. .. ... .. spencerit idehoensis, p. 62
18. Postcoxal senie pateh present. . ... .. NSRS EEEEPEPEEEEEELE AR 17
Posteoxal seale patel absent ..o o . o il meeememmae mmmmm e " 24
17. Mesonotimn without lines or stripes. ... . R PR R LR . 18
Maesonotum with complete or partisl lines or SEEIPES . . eesieeesies e meemooe momemsanscosmmoies 19
18, Mesonotumn gray nround sides with golden-brown seales in middie that sometimes show [nint durk lines. .. calaphylla, p. 40
Mesonotum with dark-browa or bronzy senles, sometimes with puir of lighter spots centradiv.. o .o oo impiger, p. 30
19. Proboseis with vellowish-gruy senles on vealral suface. o0 . oo el e e e schizopinaz, p. 60
Probastis with brown seales on ventral surfuee. . L Lo oeieein e s T 20
20, Sternopleuron with seales not extending to anterior border. ... Lo ceieee S implicatus, p. 81
Sternopteuron with seales extonding to anterior border. ..o ... el i mmmam e 21
21, Hypostiginl spet of senles PRESEOY. . oo o ee meeeemmmeememeoos messossssnoosrTooon trichurus, p. 69
Hypostigial spot of sealesabsent. ... ..o oveoe RPN P PSS EEE SR 232
2%, Posterior aren of probasisternum without or rarely with few white senles. ... .. aboriginis, p. 37, punclor (in part}, p. &9
Probasisternum with few to many white seales. ... i e maimmmme—mmm—mmm e 23

o3 Mesonotum yellowish or rarely gray senled with puired dark-brown stripes narrowed at back und extending to
B S pionips, p. 57

Mesonotum goldan brown with paired dnri-brows stripes that are sometimes joined

hexodontus, p. 48, puncfor {in part), . 59
24, Lower mesepimerat bristles abSENt oo i omannriosms s me s T T T 25
Lower mesepimeral bristles PreSent ... .. woooeansoomsommmranmmiannian o m T L 29

25, Mesonotum with broad median stripe of dark-brown scales broadening posteriorly; sides and anterior margins
with SHVErY-white SCRIES. . ..o .o omnooussoan e mer s o m e T T T T T hendersond, p. 48
Mesonotum not murked with siivery-white SRR EEPEEEEEETEEELEEE bbb 26
26, Mesonotunt With NS a7 SUTIPES .o oo nxamsmmrs comssammmmmssss s s T s To T T T 27
Mesonotunt without TRes OF SUHPES . v o ow v smamomsssmmssoommeasmromsms s me s o n DT T T 28
27. Abdomen with basni segmentul white patches rnd with or without central white spots. ccooeoeomcnune trivitlaius, p. 66
Abdomen with basal segmentsl white R TP R EELERE S S siigticus, p. 63

28, Coxa of front leg with sentral aren of brown seales on anterior surface; oceiput with dorsal submedian patches
of GATK SORMES. - - nmvsmmoommmemmmmmmmmesammmmmmssanoEriTiosIIosTeol T cinereus, p. &1

Coxa of front leg with anterior surince of front leg clothed with white scales; acciput without dorsal submedian
patehes Of (K SCANES. oo wnenosoroeanmmerosansmmsaTaTons oo ventrovittis, p. 87
29, Sternopleuron with scales extending 10 anterior edBe. - .. «ocamrommmsaszoonmnssmmmemsoesooesTosmens communis, p. 42
Sternopleuron with seales not extending {6 anterior edge. ..o aoaooooooam i aommosmmemoo oo 30
30. Mesonotum with paired brown lines; flagellum with white scales on ventrat side of first segment ... pullaius, p. 58

Mesonotum brownish with margin of gray scales or rarely darker centrally; fAnpelium without white scales on
ventral side of BTt SEEMENb. .. .oeowromen meossssanoosssossmosesmsommno S ST TTIIITEIION intrudens, p. 53

MALE GENITALIA

1. Dististyle inserted before npex of busistyle; unequally bifurcate at base....-.ooocwnooommrommromomon cinereus, p. 41
Dististyle not ingerted before apex of basistyle; not branched at base. . o .ooovomommmononsommm oo 2
2. Dististyle broad and flat throughout its length with subapical claw; claspette without filament_ ... - vezans, p. 68
Dististyle tapered to npex with apicai claw; cirspette with flament .. ... oo-aooooonormmmosmommroTeT 3
3. Busistyle without distinct apical PSR EEEPEEEEEEEEE LA ih b 4
Basistyle with both apical and 1508l JOBES -\ oo mmmamm——mmemmecemommmmamsmesssTeTomoo &
4. Basistyle with small dense pateh of long hairs near middle . e e i em—mmm—mmmmmmm == nendersoni, p. 48
Basistyle without group of long hairs near PR EPE L PEEEL DR L L b it 5
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- Basul Jobe 4 raised nurrowly elongate uren with many long curved spines at base and short setue extending
apically. ..o sierrensis, p. 61
Basal lobe & small slightly raised aren with relatively short setae_.. ____________ ________ nigromaculis, p. 55
- Filument of cluspette with transverse ridges; basal lobe with two long posteriorly directed spines________ irichurus, p. 65
Filament of claspstte without transverse ridges; basal lobe with spines not posteriorly direeted . ______________ 7
-+ Apical lobe with short broadened appressed setae...._..._...___________________ T 8
Apical lobe with long hairs or nearly bure. ... 10

. Basul lobe partially extended toward npex of basistyle semidetuched
stéeticus, p. 63, venirovitiis, p. 67, spencerii idahoensis, p. 62

Busal lobe partinlly extended toward apex of busistyle not semidetached.__ ... . . 9
. Stem of claspette pilose to neur BB e e e e schizepingz, p. 60
Stem of clnspette glabrous on distal one-third or more. . __..______ punctor, p. 589, aboriginis, p. 37, hezodontus, p. 49
- Busal lobe without spines.. ... ..o [0 1T R AL A 11
Busal lobe witl: spines. ... __. e e e e e e e e 13
. Filamnent of cluspette nerrow and of approximately equal width, .. ... ... _____ . . e, conadensis, p. 39
Filament of cluspette expanded mlongonemargina_. ... ... 12
+ Busal lobe wxtending to npical lobe. ... ... ... excrucians, p. 45, aloponotum, p. 37
Basal lobe not exlending bevond middle of side BIECC. oo increpitus, p. 51
+ Basal lobe with ene spine. .. ... . .. T 14
Basul lobe with twe or more spines..__________ e e e e 23
. Basal lobe extending almost to apiead lobe. ... . . . flavescens, p. 46
Basal lobe n small area ut buse of basistyle... ... T 15
- Filamenl of elaspette with sharp retrorse projection on basal thied.________________________ lrimiftatus, p. 66
Filament of elaspette without retrorse projeetion. ... oo 16
i. Filament of claspelte sickle shaped with small noteh at base......_.__.______._______________ fitehid, p. 45
Filament of eluspette without noteh st base. ... ... TTTTTTTTThmTTIoCs 17
- Stem of claspette abruptly bent at middle to farm projecting angle.________._ L. _______ . pullatus, p. 58
Stemn of claspette not abruptly beut at middle.._. ... ... T 18
. Filament of claspette slightly expanded forming cireular outline.__. ___ e campesiris, p, 38
Filament not expanded in cireular outline.. ... e 19
. Apical dobe of basistyle with setne present in large numbers and with some setae twice length of
dististyle elaw . .o communis,! p. 42, pilonips, p. 57
Apieal lobe of basistyle with setae present in small numbers and not more than 134 times length of dististyle
claw . T e e 20
- Apical lobe with tuit of long hairs below its base or with group of large sockets if hoirs are missing. ___smplicatus, p- 51
AApical lobe without tuft of long hairsatbase ... _.._._________ T 21
- Filament of claspette expanded in gradual curve near base.. ... niphadopsis, p. 56, cataphyila, p. 40
Filament. expanded to sharp poiut nenrbase. ... .. 77 R R 22
2. Basal lobe with large spine followed by row of weak setae____..____________.________.___ tmpiger, p. 50
Busul lobe with large spine not followed by row of setae...._.._..__________________ "7 stimulans, p. 64
3. Btem of clugpetie with sharp projection ending in small setn at middle; basistyle with dense tult of setae near
npex ... .. e e e e e intrudens, p. 63
Ster of cluspette without sharp projection and basistyle without densetuft._.___.______._________ 24
. dtem of claspette abruptly narrowed nonr apex to form rounded angle; filament shorter than stem_ dorsalis, p. 43
Stem of claspette gradunlly narrowed near apex; filament longer than stem . ________________________ melanimen, p. 53
LARVAE
+ Pecten with one or mare of distal teeth detached ... ... _.._...____________________ 2
Pecten without detached teeth. ... . _. e e e e e 15
» Air tube with hait tuft within peoten. ... ... TTTTTTTTTRTTTTROC 3
Air tube with all tults outside peeten and distal toito_._._..________.______________ T 4
3. Air tube with severnd pairs of dorsal and lateral hair tufts.___.________._________ " trichurus, p. 65
Air tube without dorsal and Interal hair tufts...._.._._____.______.___ T cataphylla, p. 40
- Anal segment ringed by plate. ... ... e e aee o nigromaculis, p. 55
Anal segment not completely ringed by plate.. ... ... . &

! Posteoxal seale putch is present on male piorips and absent on communis,
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5. Upper aud lower head hairs usually single ..
tpper amd lower head hairs multiple

6. e tube siout 4 by b gills small and badlike . niphadopsis, pod
Adr tube ahout 21e by 1 gills pointed adas Tomyg us o longer than sepment.

7. Comb with =six o {3 seales . _ rentrovittiz, p.
Comb with 3 Lo 29 sendes . . . spenceril fduhoensis,

8, Upper and lower hemd hairs five or more; tults i peariy o straight tine with preantennnl tult . cinerous, th
U ppsor i lower Tiend ludrs tess thaa five; Lufts not inseried in line with prenntennal tufts. .

O, Air tube 3 by 1 o sharter

10, Plate of nosd segment ineised; laderad abdominal hatrs single on segmeats 3 (o 8 . Fufrudens,
Plate of wad segment not inedsed; laterad abdominagl hairs donble o triple o segments 1 to i

11, Anal gills longer than plale; cowb sendes with lang apicnd spine . recans, p.
Anal gills shorl and budbihe; comb senles without long apienl spine e pestris (3 part),

12, Air fube 3y to P hy § . Hureseens {in part), .
Airtube o to dla by A

19, Mesothorneie haie 1 fifteen times as long as mesethorarie hair 2 o Jitokii {in part), .
Mesothoracie bate Tiwo Lo three lings as long as mesothorneie hair2 S

14, baterd abduminal hairs wsundly double on sepmeats 1 o 8 . L ... uloponotunm, .
Laternt abdomianl hairs doubic on sepnents §oamd 2 oand single on 3 to 6 . L . . excruciand, p.

15, Ansdsegwent vinged by plate. .. -oees e ammcmmmeame e
Anal segient not ringed by plate . e e mmmimemmmmmmemmemns

16, Comb with five to pine senles . . o e ecamee—mmeom hezodontus,
Combr with 10 to 26 senles . o e memrmmeme o

7. Comb with i€ (o 19 seales, enchseale thorn shaped with long centind spine; luteral spinnles minute_. . ___ puncior, .
Comls with 17 10 24 seales, cach genle not thorn shaped; most Interal spinnies one-half to three-fourths us long

as ventral spine . VR - trivitlalus, p.

15, Antennac smooth with antennal tuft consisting of singlehaie. ... ... i mecamew mmmm—man
Anteanae spivulated with antennal tuft mnltiple. . e . PP pUp

19, Comb with elght to 12 sendes; air tube with neus detached i e hendersont, p.
Comb wilh 12 to 23 seaies; ar tube with acus allached [ T sterrensis, D

o0 Air Lubie slender, 1 by 1 or more; apieal setae of wr tube hook shaped and ss long s lileral valve
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Air Lthe 4 Dy L oor lomgey

serfwn . - o aaal oo filehii (in part), p
Alr tube slont, 31a by 1or loss; apical selae of wir tube not honk shaped nnd shorter than inferal vaive section_ ..
. fadernd hnie equad Lo or longer thaw anal plate. O LR R LA L b
Lateral hair sharter Thao anad plate . e PP

. Prothoraeic hair tosingle; air tuhe 315 by 1 or more o - e flaresceas {in part), p.
Prothoracie hair | donble or multiphe; air tube 3 by torless .. . - s amam e

C Plute of anal sezment with longer spicules on apical aren. A e i eeeiamean- schizepinaz, p.

Plate of anal segment without lenger spickles on apieal aren e aieeesee aborfgints,
4, Upper head hairs four to eight. fower three to five. ... . .o o s e
Upprer head hairs one to Your, Lower one L0 EWO. L. . < coc  ses meo o osemrsrsrwsmssenormmsossTooTE

. Comb with wore than 36 seales o e e e meama e pionips, p.
Comb with less than 3t scales ... e [PV P

CProthoravie hnir 5 wsually tuiple oo . o e e mdlatus, D

Prothorncie hair 5 single or double . . . - e e e e e imcmammmann ¢. canadensts, .

C Comb with eight to 16 seales b i impiger, P
Comb with 17 or more seales . .. e emeeeeeeeees mmmameommommnes

. Comb with 28 to 70 sceales; spicules on anal plate minute and not longer &L apeN. ... o oaovmnoeesommes communis, p.
Speeimens withoul this combination of chameters. .. .- e imeme e em e
. Spicules on anal plate definitely tonger at apex of phde _ o0 o DM
Spieuies not louger al apex of plate . S - T

. Uppor and lewer hewd hairs usually single (occusionally one may he doulle bt ravely both}.. ... -- fmplicatus, p.
Upper hewl hairs usually dauble or triple, knwer hond huirs single orclouble . e e e e

. Comh with median spine less thun 129 times ns long us snbapieal spinules. o .o e increpiins, p-

Comb with median spinules sbout 114 times a8 long ns subapical splaules. ..o o .o s e stimuluns, 1.

2, Afedian spine of comb seale iwo or mere times longth of adjacent spingles. o Lo e e sficiiens, p.

Medinn spine of comb seale fess than twice tength of adjacent spinules . ..o e e
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33, Upper hewd hairs two or three, tower head bairs ane or Lwo

Upper head hatirs one or {wa, lower bead hajrs usundly single .

34, Dorsnd hair 1 of mesothorax several times s long as 2

Dorsal hair 1 ol mesothorny approximaiely same length as 2 . . e e el

Deseriptions of Species

Aedes (Ochlerotarus) aboriginis Dyvar

dedes wboriginis Dyar, loseentor Inseitine Menstruws 5: 09,
N7,

Female.~Mesonotum yellowish o light wolden
browi with paired dark-brown st ripes and posterior
haif' lines, Posteoxal seale pateh present, Beales on
sternopleuron extending Lo anierior edge. Posterior
arcy of probasisternum bare or rarely with o fow
seales. Hypostigial spol of senles absent. Lower
mesepimeral bristles one nr two. Abdomen black
with hasal white bands widening at sides. Wings
dark seaded in ahout 95 pereent of spocinmens, Legs
dark.

Male genitalin (fig. 23}~ Basistyle three times
as long us broad: apieal lobe long and rounded with

Fidvwn 24, - Aedes abariginis male zenitnlia.

campestris {in part), p, 38
e emeaan 34
,,,,,,, dorsalis, p. 43
melanimon, p. 53

short eurved setne: basal lobe flntly conieal with
numerous setae and long curving spine near base.
Claspette stem glabrous on distal one-third to one-
haif, stightly curved and expanded near tniddle;
filament shorter than stem, shightly expanded nb
middle, and terminating in blunt curved paint,

Larva (fig. 24) —Upper head hairs three to five,
lower two {o four. Prothoracic hair 1 double or
triple. Laterul abdominal hairs single or double,
Comb with about 23 ta 35 scales in a pateh; each
seale with long central spine and adjacent shorter
spines. Air tube about 2!, by 1; poeten fine and
even and not reaching middle; tuft consists of four
to «ix large hairs. Anal segment with plate ox-
fending to newr ventral line; lateral hair longer than
plate; gills pointed and from one to two times as
leng as plate.

BDistribution, biology, and importance,—
This speeies is present in considerable numbers in
some places in the timbered coastal nreas of Wresh-
mgton and Oregon (map 2) but is uncommon in
Idaho. It is also common at moderate clevations
in the Caseade Range and in other mountain arcas
in Washington and northern Tdaho. The larvac are
found in snow and rain pools in wooded and semi-
wooted areas. It is of economic importance only
in a fow areas.

Aedes (Ochlerotatus) uloponotum Dyar

Aedes aloponotum, Dyar, Insecutor Tnscitine Menstruns 5:
08, 18917,

Female.—Torl with inner surfaces predomi-
nantly white scaled. Mosonotum reddish brown
scaled with white seales in prescutellar avea and
ustzlly with some white seales around lateral mar-
ging, also oceasionally with paired small white
scale spots forward of prescutellar area, Mesepimeral
bristles absent or rarely there may be one. Abdomen
black with basal segmenial white bands and fre-
quently with  seattered  white  scales.  Wings
predominantly dark sealed with pale scales inter-
mixed. Logs dark with broad basal white bands on
all segments of hind tarsi, narrower basal bands an
segmients 1 to 4 of middle tarsi, and narrow basal
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bands on segments 1 to 3 of front torsi; tarsal
claw with tooth broad, short, and not parallel {fig.
25). '

Male genitalia—The charncters of the male
genitalin of this species are similar to those of Aedes
exerucians (fig. 38).

Larva—Upper head hairs tripte or in fours,
lower double or occastonally friple. Antennac
spiculated, tufts multiple. Mesothoraeie hair 1 dwo
Lo three times as long as mesothoracic hair 2. Lateral
abdominal hairs usually double on segments 1 to
& but oceasionally may be single on 6. Comb with
about 17 to 33 scules; cach seale from central area
of comb with long median spine and iateral spinules
usuntly extending more than half length of median
spine. Alr tube slender, about 5 by 1; pecten not
repching middle with two to three large detached
teeth; tuft with four o six large hairs. Anal segment
extending about three-fourths distance down sides;
Internl hair shorter than plate; gills as long or
longer than plate.

Dyar, who named this species, recognized its
close relationship to Aedes excrucians when he stated
that it could also have been classified as a race of

Fiauns 24.—Aedes aborigints larva.

“2

Frevs 25.—Aedes aloponobwm, einw of femate,

exerucians on the Pacific coast. It was considered
a synonym of excrucians by Matheson {190), Stage
ob al. (254), and Carpenter and LaCasse (57},
However, Boddy (85} deseribed additional char-
acters. More recently other characters of the larvae
and fomale have been Tound that establish this as o
distinet species {111).

Distribution, biology, and imporiance.—
This species oecurs in small pumbers in woeded or
somiwooded areas In Washington and Oregen
{mup 3). It has been collected s far east s Spokane,
Wash., and as far south as Odel! Lake in Oregon.
Little is known about its cconomic imperiance.

Aedes (Ochlerotatus) campestris
Dyar and Knab

Avdes crompesirts Dyar nnd Knab, NV, Ent, 8Soe. Jour. 15:
213, 1907,

Femule.—Mesonotum  yellowish  white with
median brown stripe; sides with narrow brownish
margin. Abdomen black with median white line;
apical and basal white bands forming small paired
segmental dark areas; lagt two segments frequently
all white sealed. Wing scales pale and dark inter-
mixed; white seales usually predominating. Legs
with dark and pale scales; tarsi dark with basal and
apical white bands, except on last tiwo segments of
middle tarsi and last three segments of front tarsi,

Male genitalia (fig. 26).—Basistyle about three
times as long as wide; apical lobe low convex with
rather long setac; basal lobe rounded, stightly raised,
and coverced with many setae; large spine and several
long spinelike setae ab bassl margin. Claspette stem
with iwe or three small setae just hefore apex;
flament narrowly and roundly expanded in sickle
shape.

Larva (fig. 27) —Upper hesd bairs two or three,
lower one or two. Lateral abdominal hairs usually
double on segments 1 to 5 and single on 6. Comb
with 20 to 32 scales in triangular patch. Air tube
about 3 by 1, tapering, with pecten reaching fwo-
thirds distanee to apex; small tuft near tip; last two
or three teeth stouter and slightly detached. Anal
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Fiouae 26.—Aedes campestris: A, Male genitalin; B, claw
of female. '

segment as long as wide; plate lightly spiculated
extending nearly to ventral line; lateral hair shorter
than plate; gills budlike and shorter than plate.

Distribution, biology, and importance.—
This species has been found in semiarid areas in
southern Idaho and in eastern Oregon and Wash-
ington (map 4). The larvac develop in pools where
the water is slightly alkaline. Adults are usually
not numerous but may develop in sufficient nurbers
to cause aunoyance in localized areas. A flight range
of 10 miles has been reported by Rees (222),

Aedes (Ochlerotatus) canadensis
canaderisis (Theobald)

Culex canadensis Theabald, Monog. Culicidae 2; 3. 1901.

Female.—Mesonotum reddish brown with pale-
yellow scules around margins. Abdomen black with-
out basal white bands or with narrow indistinet
ones; sides with triangular white spots. Wing scales
all dark. Legs dark; hind and middle tarsi apieally
and basally white banded, last segment of hind
tarsi entirely white scaled; front tarsi apically and
basally banded on segments 1 and 2.

Male genitalia (fig. 28) —DBasistyle slightly
more than twice as lorg as wide; apieal lobe large,
low, and broadly rounded with short bladelike setae;
basal lobe large with many short setae. Claspette
stem cylindrical and setose, larger seta before apex;
filament narrow, linear, pointed, and slightly shorter
than stem.

Larva (fig. 29).—Upper head hairs four to nine,
lower three to six. Prothoracie hair 5 usually single
or double. Lateral abdominal hairs usually double
on segments 1 to 5 and single on 6. Comb with 25
to 40 scales in irregular patch: each scale with
rounded fringe of spines apically, Air tube 3 by 1;
pecten even, reaching beyond one-third of tube,
followed closely by tuft of four to six medium hairs.

F1GURE 27.—Aedes campesirds larva.
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Fiarng 28.-—Adedes canadensis copedensis male  genitulia.

Anal scgment with plate extending about two-
thirds down sides; lateral hair shorter than plate;
gills about onc to 1} 4 times length of plate.

Distribulion, biology, and importance.—
This species has not been taken in Oregon but has
been collected in lnrge numbers in northern Idahe
and has also been taken in a number of counties in
northeastern  Washington (map 5}, The larvae
breed in temporary forest pools left from melted
snow. They were also found developing in pools in
open meadows. The adults bite avidly and are
present in sufficient numbers to be annoying in
locnlized areas,

Aedes (Ochlerotatus) rataphylla Dyar

Acdes rataphytle Dyar, Insecutor Inscitline Menstruus 4
86, 1910,

Aedes praryi Dvar and Shannon, Wash, Acnd, Sei. Jour., 15
T8 19U5,

Female.—Alesonotum gray avound sides with
golden-brown seales in middle, which sometimes
show faint dark lines, Sculellum with pale-yellowish
geales. Lower mesepimeral bristles two to seven.
Posteoxnl seale pateh present. Sternopleuron with
scales not extending to frontal border. Hypestigial
spot of scales present or absent. Abdomen black

with basal scpmental white bands. Wing scales
dark with pale scales at base of costa and first vein.
Logs dark with mixture of pale scales; tarsi mostly
black.

Male genitalia {fig. 30).—Busistyle about three
times as Jong as wide; apical lobe small, clonguted,
and narrowly attached with few shorl sctac; basal
lobe small, clevated into transverse ridge at base
with row of fong setae and slender spine at margin.
Claspette stem lightly hirsute except al  apex;
filament expanded in gradual curve st basal third.

Larva (fig. 31 ~—Upper and lower head hairs
single. Taleral abdominal hairs usually double on
sepment 1 to 5 and single on 6. Comb with about
10 to 25 seales in two irregular rows; each scale with
long median spine and shorter latersl spinules. Air
tube about 3 by 1, tapering, with evenly spaced
pecten teeth to haiv tuft; three to five widely spreed
tecth beyond tuft. Anal segment with plate reaching
about two-thirds distance down sides; lateral hair
shorter than plate; gills as long or longer than plate.

Distribution, biology, and importance.—
This species has been found in a few places in moun-
tain areas and oceasionally at lower levels in all

Trauns 20.—Aedes canadensis canadensis larva.
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Fraene 300 edes entaphylla male wenitalin,

three Stutes (map 6). The larvae have been col-
lested in pools and roadside ditches in open and
partially wooded arecas. Carpenter (51) found that
from 3 to 7 wecks were required for development of
the immature stuges at an elovation of 6,100 (oot
in Californin. Freeborn (94} observed that the
adults bite fiercely and will attack man and horses
in the daytime.

Aedes (Aedes) cinerens Meigen

Aedes elnerens Meigen, Svstem, Besehreibinyg der Bekannten
Furapiiisehen Zweiflogeligen Insekten 1: 14, 1818,

Female.—- AMesonotum  clothed  with  reddish-
brown seales. Lower mesepimeral Lristles absent,
Posteoxal seale pateh  absent. Abdemen  black
without white bands or with narrow partial or com-
plete ones; lateral spots usually joined to form line,
Wing seales dark, Legs dark brown; coxa of front leg
with white seales and a central pateh of brown seales
on anterior surlace,

Male zenitalia (fig. 32).—Basistyle about twice
as long as wide; spex cone shaped with long setae.
Dististyle subapically inserted with forked arms of
uncqual length; short branch with setac apically,
long branch forked at end. Claspette two-branched;
filament zbsont,

Larva (fig. 33).~Upper and lower head hairs in
tufts of five or more, tufis in nearly straight line
with preantennal tuft. Tateral abdominal hairs
double on first and second segents, single and
long on third {o sixth. Comb with nine to 135 scales
in double row. Air tube slender, about 4 by 1;
pesten extending past middle of tube with about
three detached teeth: tuft small. Anal segment
with plate extending ubout three-fourths down sides;
fateral hair usually double und shorter than plate;
gills two or wore times length of plate.

Distribution, biology, and imporlance.—
This moesquito is found throughout the partinliy
wooded areas of all three States (map 4). It breeds
in woodland and open meadow pools. Larvae have
been colleeted from early April at lower levels to
late June at higher elevations. In some mountain
areas it is the predominating species and is o serious
pest; 1k is found in smaller numbers at lower cleva-
tions. In Nevada it is apparently found only in

Figune 31.—Aedes cataphylin lacva,
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Trauik 32.--.bedes einercus male genitalia.

foothill sud vatley areas (63). The females attack
both during the day and at dusk. They are known {o
rest near the ground in the grass or underbrush or
other pinces near their breeding sites.

Aedes (Ochlerotatus) communis {DeGeer)

Culer conmumunis DeCeer, Mém. Pour Servir Hist. des In-
seets G, pl. 17, figs. 2 and 5. 1970

Femule.—Mesonotum  dull  yellow or gray
sealed with narrow pale median line separating
paired dark-brown lines and with posterior brown
half lines. Coloration is variable and may be brown
scaled contrally with mixture of pale scales and
border of grayish-yellow seales. Lower mesepimeral
bristles two to five. Postcoxal seale patch absent.
Sternopleuron with scales extending to anterior
edge. Hypostigial spet of scales nbsent. Abdomen
dark brown with basal white bands. Wings dark
sealed; pateh of two or three to many pale scales
at base of costa in about 85 percent of specimens.
‘Legs dark; femora partially pale.

Mule genitalia (fig. 3¢).—Basistyle about three
times as long as wide; apical lobe large rounded
with many long sctae; basal lobe small, quadri-
latersl in outline, partially detached at base, surface
with some small setac, several larger curved oncs,
and stout spine on margin. Claspette stem lightly
hirsute on basa! half; apical hall more slender;
filament angularly expanded to its maximum width

near base, top with groove created by flange along
its sides.

Larva (fig. 35).—Upper and lower head hairs
single. Lateral sbdominal hairs double on first to
fifth segment and single on sixth. Comb with about
28 to 70 scales in triangular pateh; each scale with
central spine and adjacent spines or spinules of
variable length. Air tube stout and about 24 by 1;
pecten teeth evenly spaced to near middle of tube;
tuft of four io vight hairs. Anal segment with plate
extending only about two-thirds distence down
sides; spicules minute; lateral hair shorter than
plate; gills about twice length of plate.

Examination of comb scales of larvae {rom loca-
tions in Washington, Oregon, and Idaho has shown

Fioore 33— Adedes cinereus larva.
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F1GUne B4+ dedes communis male genitalin,

that in several of these locations larvae with the
three types of comb seales were present in the same
pools (f11). The two most divergent types of
scales are shown in figure 35, No other differences
were seen in these larvae (714,

Distribulion, biology, and importance.—
This is one of the most widely distributed speeies
in high mountain areas of the Northwest {map 4).
In many loealities it is present in large numbers and
18 & serious pest. It breeds in flooded mountain
meadows and woodland pools loft by melting snow
and around the margins of mountain lakes. The
larvae may be found alone or in associnbion with
other speeics such as Aedes pullatus, A. cataphylla,
AL intrudens, A. fitehii, or A. hezodontus. In Qregon
it is numerous throughout the Caseado Range and
Blue Mountains. It is abundant in the Claseade and
other mountain runges in Washington and northern
Tdaho and is present in smallor numbers in central
and southern idaho. The ndults are sometimes seen
Iate in May and may ocour until mid-August, The
females are persistent biters, and although they will
attack during the day, they are generally more
active ab dusk.

Aedes (Ochlerotatus) dorsalis (Meigen)

Culer dorsalis Meigen, System. Besehreibung der Bekannten
Europiiischen Zweifliigeligen Tnsckten 6: 242, 1830,

Female.—Palpi tips usually dark aenled. Mesono-
tum yellowish white with median brown stripe or
with only few brown scales medianly; posterior
brown half lines and side lines may or may not be
present. Abdomen predomingntly white sealed with
median white stripe and  transverse segmental
white bands; last onc or two segments may be en-
tirely white sealed. Wing seales dark and light,
light predominating; sixth or anal vein with more
light than dark seales. YLegs with dark and pale

Fioune 35.—Aedes communis larva.
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seales; tarsi dark with apical and basal white bands
on ull but last two segments of middle tarsi and last
three segments of front tarsi,

Male genitalia (fig. 36).—Basistyle about three
times as long as wide; apical lobe rounded and some-
what shortened apicaily, smface elothed with straight
setne of medium length; basal lobe prominent,
slightly constricted at base, and covered with short
setie, & stout spine on murgin, and o smaller ad-
jaeent spine followed by several setae. Claspette
stem straight and constricted just before apex with
fow sefac ab constriction; filameut broadly expanded
in rounded rectangular shape near middle.

Larva (fig. 37)~=Upper and lower head hairs
single or oceasionally uppers may be double. Dorsal
hair 1 of mesothorax three or four times as long as
hair 2. Laterul abdominal hairs triple en segments
1 and 2 and double on rest. C'omb with about 20
to 31 seales in pateh, Air tube tapering, about 3 by
1; peeten evenly spaced to near middle of tube;
mulliple (uft set close to end of pecten, Anal sop-
ment with plate extending about hallway down
sides: Iateral hair shorter than anal plate; pgills
from 's {0 113 length of plate.

A dark winged form of cedes dorsalis has been
reported by Chapman and  Grodhaus {70} from
Mumboldt County, Calif. This population has more
dark than light seales on the sixth wing vein, Two
such specimens from Nernville and fwo from North
Bend on (he Oregon coast have been found on re-
exnmination of our pinned colleetion of about 800
specimens of AL dorsally and 1. melanimon from the

Fevwe 36, -~ ledes dorsalis: .1, Male genitaling 8, claw of
fermale,

\_vr’_. o

Fieure 37.—A edes dorsalds Tarva.

Northwostern States. The claw characters appear
to be adequate for separating the dark winged form
of A. dorsalis from A. melgnimon. Characters for
separation of Lhis species from . nelanimon are
given by Bohut (36), Chapman and Grodhaus
(70}, and Richards (£31}.

Distribution, biology, and importance.—
This is one of the most important and widely dis-
tributed species in the Novthwest (map 5). It is
the only species in this region that breeds naturaily
in brackish or salt-water marshes and is also one of
the most abundant and troublesome specics in ir-
rigated areas and in flooded grasslands. The larvac
are frequently nssociated with those of A. melani-
mon., The females will bite at any time of the day
or night but are most active in the evening. Natural
infoetions of 'western eguine encephalitis and St.
Louis encephalitis have been isolated from this
specics. Migratory flights of 22 miles in Utah aud
30 miles in California have been recorded for this
species (223).

)
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dedes (Ochlerotatus) excrucians {Walker)

Culer ererucinns Walker, Inseera Saundersinng, Biptery s
1249, EX36,

Female.- Tori with inner 2urfaces predominantly
white seaded. Mesonotum yellowish  white with
medinn brown stripe, varied pattorn of hrown and
white seales. Mesepimeral bristles ahsent or rarely
one. Abdoemen black wilth basal semental whife
bands and frequently with seattered white seiles,
Wings predominantly dark senlod with pale weales
intermized. Lews durk with broad hasal white hands
on all segments of hind tarsi, narvower basal banels
on segments 1 te Fol middle tarsi, and nurrow basal
bamis on segments | to 3 of front farsi,

Male genitalia Ay 387, Basistyle about thyee
tHimes as long as wide: apical lobe prominent with
simall setae s hasal lobe slightly raised, rugose. and
extending to base of apieal lohe, surface covered
with short setac. Claspette stem himsuty except at
apex: filament angularly expanded to sharp point
near base,

Larva fig. 30, - Upper and lower head hairs
usually doubie by aceasionally uppers may be
triple amd lowers sigle, Alesothoracie hair 1 two
ar three thes as long s mesothoracie hair 2,
Lateral abdominal haire double pe spmuents ooyl
2 amd Single or double on rest. Comb with about
13 o 33 seades; each scale from cenfral area of comb
with Tong median spine and latei) spinules not
extending more than half length of median spine.
Aiv tube slender, about 3 by 1 pecton not resching
middle with twe or three large detached teeth: tult
with four to six lairge hairs, Anal segment with plate
extending about three-fourths distance down sitde;
gills us loug or longer than plate.

Distribution. and  importance.—
This species is widely distributed but usually does
not oeeur in darge numbers tmap 7). It has beon
taken in constal areax of Washington and also at
higher inland clevations. The larvae develop in
rowdside ditehes, weadows, and other temporary
pools. The speeies may he pest in Joculized areas
i the evening and will alko bite at any time of day
in shaded nreas.

hinlogy,

Aedes (Ochlerotatus) fitehii
iFelt and Young)
Culer diteker Felt and Y onag, Seienee (IR A T LA T I N
Female. -Tovi with white seales on dorsal half.
Mesonolutn yellowish white 1o light Lrown with

broad median hrown stripe or variable pattern of
brown and light. seales. Lower mesepimeral Lristles
none to two, rarely three or four, Abdomen biack
with basal white hands and sometimes with apieal
white seales that may extend into mediun white
line. Wings dark sealed, usually with mixture of
white seales along costa and accasionally with pale
seules seatforod over rest of wing. Legs dark; tarsi
with basal white bands on all except last two sep-
ments of fronf tarsi and first segment of middle
tarsi, whife bands Lroader on hind legs; tursul claw
with short tooth not parallel with elaw,

Male genitalia (fig. 40}, —Basistyle about three
times ax long as wide; apical lobe prominent and
slightly elongated, surface clothed with long setae

Fiaene 38, dedes exerucians:—A, Male genitalia; B, claw
of female,
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Fravre $0.—Aedes exerucians Inrva.

bordered by several shorter ones; basal lobe trian-
gular with many setae, those at margin of base
longer and preceded by spine. Claspette stem
lightly hirsute except at apex; filament short and
sickle shaped with notch at base.

Larva {fig. 41).—Upper head hairs three to four,
lower two to three. Mesothoracic hair L about 15
times s long s mesothoracic hair 2. Lateral ab-
dominal hairs usually double. Comb with about 12
to 30 scales; each scale with median spine about
twice ns long as subapical spines. Air tube slender,
tupering, ubout 414 by 1; closely set pecten teeth fo
middle of tube, oceastonally with one or more teeth
slightly detached; apical setac hook shaped and as
long as lateral valve. Anal scgment with plate ex-

tonding nearly to ventral line; lateral hair longer
than plate; gills about 114 times as long as plate.

Distribution, biology, #nd importance.—
Aedes filehii s most prevalent in mountainous re-
gions bub is also found near sen level {map 4).
Tirst-instar larvac hoave been taken in early Febru-
ary in the Willamette Valley of Oregon. The lavvae -
develop in fleoded meadows or potholes in semi-
wooded arens. 16 is an important pest and is present
over tnost of Washington, Oregon, and Idaho where-
ever suibable breeding areas are found.

Aedes (Ochlerotatus) flavescens (Miiller}

(uler fluvescens Miiler, Faunu lnsectorurn Fridrichsdulina ..,
po87. 1764

Femunle.—Mesonotum  with  yellowish-brown
scales and broad median stripe of slightly darker
brown scales, which may blend so that stripe is
indistinct. Lower mesepimeral bristles usually ab-
sent. Abdomen covered with dull-yellow scsles
or with dark median line and sides partislly black
scaled anteriorly. Wing with mixture of yellowish
and dark seales. Legs brown with mixture of yellow
scales; tarsi with basal white band on all except

Froung 40.—Aedes fitchii: A, Mule geritalin; B, claw of
female.
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Iieons 41— Aedes flchif larva,

last segment of front and middle tarsi, white bands
broader on hind legr; tarsal claw with short blunt
tooth,

Male genitalia (fig. 42} —DBasistyle more than
twice as long as wide; apical lobg prominent rounded
with many setae; basal lobe a tugose, slightly
olevated ares with many setue, & stout spine, and
several long setae near base; lobe extending nearly
to base of apieal lobe. Claspette stem with three
stout selac on inner margin of base; filament an-
gularly expanded to rounded point near basec.

Larva (g, 43).—Upper head hairs usually three
to four, lower usually double. Prothoracic hair 1

single. Lateral abdominal hairs double on segments
I to 6. Comb with about 20 to 35 scales in patch;
median spine of individual seale about twice as
long as lateral spinules. Air tube tapering, about
315 to 4 by 1; pecten reaching middle with or with-
cut one or two detached teeth, followed by tuft
of four to six hairs. Anal segment with plate extend-
ing down nbout bwo-thivds; lateral hair about as
long as plate; gills from one to two times length of
plate.

Distribution, biclegy, and importance.—
This is one of the larger species found in the North-
west. It is a typical plains speeles znd has been
taken in limited numbers in widely scparated places
east of the Cascade Range (map 2). However, it
rarely cecurs in sufficient numbers to be a serious
pest. Larvace have been found in meadow pocls and

Fraune 42— Aeades flavescens: A, Male genitalis; B, claw of
female.
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VFriarvie 3. - Aedes finvescens larvin

marshes in the vicinity of alkaline fiats. It has been
observed to atlack in bright sunlight and duting a
breeze of about 7 miles per hour. Howrle (189) re-
ported on its life history.

Aedes (Finlaya) hendersoni Cockerell!

Aeres triserielus var. fendersont Cockerell, Jour, Econ. Ent.
1o, 1918

Amides Irtseriatus hendersoni Cockeroll, Bnt. Soe, Amer. Ann.
a3 G00- GER, 18060,

Female.~Mesonotum  with  stripes of  dark-
brown scales thal become broader posteriorly;

EThe mesonotum of Aedes triseriatus aduits has no eentral
white stripe und a smaller white sealed preseutellar aren. The
acus of the air {ube is ntlached to the selerotized nrea and
the upper and lower gitls are of unequal length and shorter
thun Lhe plate,

stripes separated by narrow partial or complete
white stripe; sides and prescutellar space with white
scales. Posteoxal scale pateh absent, Lower mesepi-
meral bristles absent. Abdomen dark scaled; seg-
ments with lnferal basal white spots. Wings dark
sealed. Legs dark sealed; tips of femoran white
sealed.

Male genitalia (fig. 44) —Basistyle about three
times as long as wide; apical lobe absent; basal lobe
represented by group of selae near buse of basistyle;
amall dense pateh of long hairs near middle. Claspette
stem long, hirsute {o near apex with small setae
on imner surface; filament long, narrower than
claspette, and gradually tapered to slightly re-
curved point.

Larva (figr. 45)—Antennue smooth with single
hair noar middle. Upper head hair single or rarcly
double, lower two to five. Lateral abdominal hairs
double or triple on segments 1 and 2 and double on
sommnents 3 1o 6. Comb with cight to 12 scales; each
scale evenly fringed with short spinules. Air tube
slightly less than 3 by 1; one or marc peeten teeth
frequently cxtending below selerotized area of tube;

Floune H.——Aeades hendersoni male gcnitalia.
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Aeddes hemdersoni lurva,

Fravus 45,

acus detached from base of tube. Anal segment with
small plate extending less than halfway down sides;
laternl hair one to three branched and attached on
edge or an adjacent nonselerotized area; anal gilly
bluntiy rounded, about equal in length, and about
three times as long as plate.

Distribution, biclogy, and importance.—
Aedes hendersoni breeds in tree holes but little is
known of its ecology. Larvae are found in ass0cia-
tion with . &riseriatus in some areas, but Breland
(431 believes that . hendersoni is o woestern specles
nnd that A, iriserialus is predominantly an eastern
and southeastern species. Nielsen ot ai. {204) Tound
that speciinens from Ada County, Idzho {map 7),
which were originally reported as friseriafus, ave
typical  hendersoni. ‘Their observations  support
Breland's separation of the two species. The threo
collections made in [daho are the only records re-
ported for this species.

dedes (Oehlerotatus) hexodontns Dyar

Hedes hersdontus Dyar, Inseeutor [nseitise Menstruus
83014,

Aedes eyelocerculus Dvnr, bl 8 2

Acdes lewconotips Dyar, ibid. 8; 24,

HE20. “(in part).”
TE20, *in pari)"

Female.—Mesonotum yellowish to light golden
brown with paired dark-brown lines and posterior
half lines. Posteoxal seale pateh present. Scales on
sternopleuron extending to anterior margin. Pos-
terior aren of probasisternum with white seales.
Lower mesepimeral bristles two or three. Abdomen
black with basal segmental white bands. Wings
dark scaled with pateh of two or three to many
pale seades ot base of costa in about 95 percent of
specimens. Tegs dark; femorn partially pale sealed.

Maule genitalin (fig. 46) —DBusistyle three times
as long as broad; apical lobe long and rounded with
short curved setae; basal lobe flatly conieal with
numerous setae and long curving spine near base.
Claspette stem pilose on bagal half, slightly curved
and expanded near middle; filament shorter than
stem, slightly expanded at middle, and terminating
in blunt curved point.

Larva (fig. 47)~—Upper and lower head hairs
usually double, but occasionally one or more tufts

Fieune 46.—Aedes hexodontus male genitolin.  {Courtesy

of Carpenter and LaCasse 67.)
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may be single or triple. Comb with five fo nine
seales in row; scales thorn shaped with minute
lateral basal spinules. Air tube 2)4 by 1; pecten not
quite reaching middle of tube. Anal segment ringed
by plate; lateral hair longer than plate; gills pointed
and about 114 to three times length of plate,

Distribulion, biology, and importance.—
Aedes hexodontus is n mountain species usually as-
sociated with A. communis and A. fitehii. 1t is not
so widely distributed (map 2) as these species, but
in some arcas it is very abundant and an important
pest. Large numbers of the larvue develop in mead-
ows in the Cnseade Range in the vicinity of Mount
Adams and Mount Rainier National Park in Wash-
inpton and in the Mount Hood and Diamond Lake
arens in Oregon. This specios has also been taken in
various places in Idaho. 1t is a persistent biter during
the day.

Aedes (Ochlerotatus) impiger {Walker)

Culex impiger Walker, List of Dipterous I[nseets in Brit.
Mus, v. 1, p G 1848,

Aedes nearcticus Dynr, Cnnad, Aretie Txped. Rpt. 3 (C),
o320 10

Aedes Fimpiger!” Vockeroth, Canad, Ent, 86: 109 1954.
Not impiger of authurs.

Female.—Mesonotum with brownish seales with
or without mixture of yellowish-white seales around
sides and two lighter colored patches of scales een-
trally, enbire surface with many black bristles.
Scutellum  with pale-yellowish scales. Posteoxal
scale pateh present. Sternopleuron with scales
usunlly not extending to anterior adge. Lower
raesepimeral bristles three to eight. Abdomen black
with Dbasal segmental white bands. Wing scales
usunlly dark with patch of pale scales on base of
costn. Legs dark; femora and tibiac partially pale
sealed.

Male genitalia {fig. 48) —Basistyle about 314
times as long as wide; apical lobe rounded, surface
with a few small setae; basal lobe conicaily gloped
to basal edge with row of long sctae and spine ab
margin, rest of surface bare or with few small setac.
Claspette stem hirsute on basal half; filament an-
gularly expanded lo its maximum width near base.

Larva (fig. 49).—Upper and lower head hairs
single. Lateral abdominal hairs multiple on first
segment and usually double on second to fifth.
Comb with cight to 16 scales; each seale with long
median spine and series of smaller basal lateral
spines. Air tube about 2}4 by 1; pecten on basal third,

Frouik 48.—Aedes impiger male genitalin,
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followed by multiple tuft. Anal segment with plate
extending about halfway down sides: latersl hair
shorter than plate; gitlls several times length of
segment.

Distribution, biology, and importance.—
"Chis species oceurs in a few places in the high moun-
tainous sreas of Washington, Oregon, and Idnho
(map 3). The largest numbers have been found in
Mount Rainier National Park in Washington and
nenr Dinmond Lake in Oregon. The larvae hatch
with the first melting snow. The species is ap-
parently too rare to be of much importance as o
pust,

Froune 49.—Aedes impiger larva.

Aedes (Ochlerotatus) implicatus Vockeroth

Aedes {mpiger Dyar, Tnsecutor Inseitine Menstruns 8: 8,
1924,

Aedes (Ochlerotatus) mplicatys Vockeroth, Canad, Ent. S6:
110, 1954,

Female.—Mesonotum with median oblong area
of brown scales, usually in form of broad stripe or
paired stripes; margins grayish white. Lower mos-
epimersl bristles one to three or rarely none, Post-
coxal seale pateh present. Sternopleuron with seales
not extending to frontal border. Wing scales dark
with pateh of two or three to many psale scales ad
base of costa. Legs dark; femorn pale scaled beneath.

Male genitalin.—Basistyle about four times as
long as wide; apical lobe small, elongated, and nar-
rowly attached with few short sctae, tuft of long
hairs just below base; basal lobe small, elevated into
transverse ridge with row of Jong setae and slender
spine at margin. Claspette stem lightly hirsute
except st apex; filament angularly expanded to
sharp point near base.

Larva (fig. 50).—Upper and lower hairs single
or oeccasionally with uppers double. Lateral ab-
dominal hairs double on first to fourth segments and
single on fifth and sixth. Comb with 17 to 25 seales;
each seale with fringe of spines, median spine slightly
longer. Air tube about 214 by 1; closely set pecten
teeth not reaching middle, followed by tuft of three
or four hairs. Anal segment with plate spiculated
apieally and extending about halfway down sides;
lateral hair shorter than anal plate; anal gills pointed
and only about as long as plate.

Distribution, biology, and importance.—
This species oesurs in smail numbers in the North-
western States (map 6). The larvac are usually as-
sociated with other Aedes larvae in pools in semi-
wooded areas at the higher elevations. 1t is con-
sidered unimportant as a pest,

Aedes (Ochlerotatus) increpitus Dyar

dedes inerepitus Dynr, Insecutor Inscitine Menstruns 4:
87, I,

Female.—Tori without white seales on dorsal
half. Mesonotum yellowish white to light, brown with
broad median brown stripe or variable pattern of
brown and light seales. Mesepimeral bristles one to
five. Wings dark with white scales along costal ares.
Legs dark; tarsi with basal white bands on all ex-
cept last fwo segments of front tarsi and first seg-
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Fiaure 5O, --Aedes {mplicatus Tarva,

ment of middle farsi, white bands broader on hind
logs.

Male genitalia (fig. 51).—Dasistyle more than
throe times as long as wide; apical lobe prominent
and bluntly pointed with few small inwardly dirceted
setac; busal lobe a small rugose clevated aren with
short sotac that extend hallway to apical lobe.
Claspette stem lightly hirsute oxcept at apex; fila-
ment angularly oxpanded to sharp point near middle.

Larva (fig. 52).—Upper head hialrs usaally two or
occasionally ihree, lower one or Gwo. Lateral ab-
dominal hairs one or two long hairs on each seg-
ment. Comb with about 20 to 40 senles in pabch;
each seale fringed with spines, confral spine stightly
longer. Air tube about 3 to 314 by 1; pecten nob
resching middie of tube; tuft of four to six hairs.
Anal plate extending only about {wo-thirds down
sides, apex with well-developed spleuies on apical
aren; lateral hair shorter than anal plate; anal gills

pointed and from 13 to about 115 times length of
plate.

Distribution, biology, and importance.—
This is o conrmon speeies that is gonerally distributed
over the plains arcas of Washington, Oregon, and
Tdaho {(map 2). The larvac have been taken also
in open meundows and smuadl pooks in semiwooded
gountry Trom sen level fo an elevation of sboub
6,000 feet. Chapman (68) has colleeted Tarvae ab
8,200 feet in Nevada, Distribution and ceology of
the gpecies tn California have Been stidied by Car-
penter (5:3). Our associates, L. I, Lewis and 1D, M.
Christenson, have shown {unpublished data) thab
in the Willametle Valley of Oregon development of
tlarvae and pupae and gven some adulf emergence
oceur in winter. This information would indicate
thut all stages of this species may be involved in
carrying it through the winter in some areas. This
specics 1 one of several found at higher clevations
that contribute to the scrious discomfort of man
and animals,

Ficunrs 51.—dedes dncrepitus male genitaiin,




THE MOSQUITOES OF THE NORTHWESTERN UN ITED) STATES 53

Fravie 52 tedes fucrepitus larvu,

Aedes (Oehierotatus) intrudens Dyar

Aedes Lntrodens Dvar, Inscoutor Inseitine Menstrous 7: 23,
[HIE

Female.—-Mesonotum uniformly bronze brown
or oceasionally with indications of median brown
slripes. Posteoxal seale patch absent, Sternopieuren
with senles not extending to anterior edge. Lower
wmesepiieral bristles one to five. Abdomen black
with broad basal white bands; venter completely
white sealed. Wing scales dark with or without
small pateh of pale seales nt base of costa. Legs with
mixture of pale seales; tarsi mostly black.

Male genitalia (fig, 53) —Basistyle about three
times as long ax wide, dense fult of setac near apex;
apical lobe prominent rounded with numerous rather
long =etac; basal lobe clongate with large spine ab
bage aud two spines on raised apex. (laspette stem
with basal half hirsute and forming sharp projection
cnding in stouf seta al widdle; apieal half slender;
flament angularly expanded to sharp point at mid-
dle.

Larva (fig. 50).—Upper head hairs usually four,
lower twn orthree.  Lateral abdominal hairs usually
double ou first segment and single on sccond to
sixth. Clomb with 10 to L7 seales in irregular double
row. Air tube about 213 by 1; pecten reaching mid-

die with two or three detached tceth, followed by
large multiple tuft. Anal segment with plate eox-
tending to near ventral line and ventral margin
deeply incised; anal gills longer than segment.

Distribution, biology, and importince.—
Aedes intrudens larvae have been found in small
rambers in pools in open as well as forested aress
in the Northwoestern States (map 6}. The adulis
differ from those of other forest species in that they
frequently enter houses {84). This species does not
oceur in sufficient numbaors to be of cconomic im-
portance.

Aedes (Qchlerotatus) melanimon Dyar

Aedes melandmon Dyar, Insceutor Inseitine Menstruus 12:
126G, 1924,

Female,—Palpi tips with pale scales. Mesonotum
yellowish white with median brown band and pos-
terior brown half stripes: anterior lateral marging
also narrowly brown scaled. Abdomen predominantly
dark scaled with median white stripe and fransverse
segmental narrow white bands. Wing scales dark
and light with dark predominating on most veins;
sixth or anal vein with more dark than light scales.
Legs with dark and pale scales; tarsi dark with
apical and basal white bands on all but last two

Ficore 53.—dedes intrudens male genitalia.
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Frounre 54—Aedes infrudens larva,

scgments of middie tarsi and last threc segments
of {ront tarsi.

Male genitalia (fig. 55) —Basistyle about three
times s long as wide; apical lobe rounded and some-
what shortened apically, surface clothed with few
straight setac of medium length; basal lobe rises
in slope from sidepiece, surface covered with short
setae: stout spine on margin and smaller adjacent
spine. Claspette stem eurved and evenly narrowed
with few sctae near apex; filament with long shank
and more broadiy expanded area near middle.

Larva (fig. 56).—Upper and lower head hairs
single or occasionally double. Dorsal hair 1 of
mesothorax approximately same length as 2 but
shorier than 3 or 4 Abdomen with lateral tufts
usually double or triple on segments 1 and 2 and
double on rest. Combs of 20 to 31 scales in triangular
patch; each seale fringed with spines, apical spines
longer. Air tube tapering, about 3 by 1; pescten

teeth cvenly spaced to near middle of tube with
multiple tuft set elose to end of pecten. Anal seg-
ment with plate extending about two-thirds down
sides; lateral hair shorter than anal plate; gills }2
to 114 length of plate.

This species, which had been considered a syno-
nym of Aedes dorsalis, was resurrected in 1955 by
Barr (14). Characters for the separation of these
two specics have been described by Boharl {36),
Chapman and Gredhaus (70}, and Richards (251).

Distribution, biology, and importance.—
This spccies occurs in eastern Washington and
Oregon and is also found in smaller numbers in
coufhern Idaho (map 5). The larvae develop in
iirigated meadows and flooded grasslands. In many

FraorE 55.—Aedes melanimon: A, Male genitalin; B, claw of
female. (Drawn from specimen of Aedea dorsalis and
modified to represent Aedes melantmon.)
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{Drawn from specitnen
to represent  Aedes

F16uvne 86.—A edes melanimon larva.
of Acdes dorsatis and  modified
metanimon.

of these arcas the larvae are associnted with those
of A dorsalis. The females are an important pest of
man and animals, Chapman (62) found that in
Nevada this species was mueh more timid and loss
inclined to bite than A. dorsalis in the daytime.
Richards (281) stated that western equine encepha-
litis, which was reported from A. dorsalis in Weld
County, Utah, prior to the resurrection of Aedes
melanimon in 1935, was undoubtedly isolated from
A melanimon,

Aedes (Ochlerotatus) nigromaculis (Ludlow)

Grabhamm nigromaclis Ludlow, George Wash. Univ. Buk
HHL R L)

Female.-—Probogeis of female ringed with white,
or ring may occasionally be indistinet or absent.
Aesonotum with varying shades of yellowish scales,
broad median bronze-brown stripe, and brown sides.
Abdomen black with basal segmental bands and
median stripe of yellowish scales; Iaferal spots

usually concolorous with median stripe. Wing
seales pale and dark, dark predominating, Femora
and tibise partially pale scaied; tarsi black with
basal white bands except on segments 4 and 5 of
front and middle tarsi; last segment of hind tarsi
oceasionally all white, white band on first segment
broadly extended by seattered white scales.

Male genitalia (fig. 57).—Basistyle twice as
long as wide; apical lobe absent; basal lobe a small
elevated aren with many rather short setac. Clas-
pette stem with eylindrieal stemn and short setn near
outer end; filament narrow and as long as stem.

Larva (fig. 58).—Upper and lower head hairs
usually single but may be double. Comb with about
nine thornlike seales. Air tube about 2 by 1; pecten
extending well past middle with three stout de-
tached teeth; small tuft near tip. Anal segment
ringed by plate; lateral hair single and shorter than
plate; gills pointed and from one to two times as
long as plate,

Distribution, biology, and importance.—
This species iz often found associated with Aedes
dorsalis and certain other species in open irrigated
or flooded meadows in prairie or open country.
However, it is apparently rather restrictive in its
breeding habits. It has been found in south-central
Washington and in the semiarid plains of Oregon
and Idaho {map 3}. It is numerous in the lower

FiGURE 57.—Aedes nigromaculis male genitalia.
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PrGenE 5%, - iedes nigromeendis larva,

Payette River distriet of western Idaho. it has
recently been found near Kugene, Oreg., and may
well establish itsoll in the Willamette Valley. It is
an important pest in some other irrigated sections
where new broods may be produced with cach
flooding. This species is a strong flier. Bxpervimentally
it has transmitted western equine, $t. Louis, and
Japancse BB encephalitis viruses.

Aedes (Ochlerotatus) niphadopsis
Dyar and Knab

Aedes niphadopsis Thar and  Knab, Tnsecutor Inseiting
Moentruns 50 18, 19I5

Female.—Mesonotutn with median brown stripe
and usually with posterior half lines; margins, sides,
and antescutellar space with white seales. Lower

mesepitneral bristles two or three, or rarely none.
Abdomen black with basal white bsnds with or
without median line of white scales. Wings with
mixture of pale and dark sesles, dark predominating.
Legs with mixture of pale and dark scales.

Male genitalia (fg. 59).—Basistyle about three
tumes s long as wide; apical lobe small, clongate,
narrowly atlached, bare or with few small setue;
basal fobe small, elevated into transverse ridge with
row of three or four stoul setae preceded by shord
spine at margin. Claspette stem lightly hirsute on
basal half: filament expanded in gradual curve near
basal thivd.

Larva (fig. 60).—Upper and lower head hairs
usually single, oceasionally double. Comb with 10
to 12 seales in irregular double row. Air tube nearly
4 by 1; pecten tecth not extending to middle with
last two or three teeth detached, followed by large
tuft. Anal segment longer than wide; plate extending
about hallway down sides; lateral hair shorter than
plate; gills budlike and shorter than plate.

Peore 50.—Aedes niphadopsis male genitalia,
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Fraeee 60— Aedes ni phadopsis Inrvn,

Distribution, biology, and importance.—
This species hag been found in Klamath and
Deschutes Counties in Oregon and in several coun-
ties in southern Tdaho tmap 63. Aduitz have been
collected in large numbers in some locations in
Custer County, Liaho. Larvae wera collected ot the
edge of a drainage diteh in the open country below
Kiunath Falls in March. It has been found in several
loeations in the southwestern paurt of Idaho by
Tarston and Rees {133). Niclken and Rees (205)
stated that it is an annoying pest in western and
northern Utah.

Aedes (Ochlerotatus) pioni ps Dyar

ledes pionips Dvar, Insccutor Tnecitine Mensiruns 719,
14918,

Female.~Mesonotum with duli~yellow or wh:te
seales, two broad, well-defined, dark-brown stripos,
and posterior hall lines; median stripes separafed
by line of pale scales. Posteoxal seale pateh prosent.
Sternopleuron with white seales extending to an-
terior border. Posterior aren of pri aasisternum with
white seales. Lower mesepimeral bristles one to
four or rarely none. Hypostigial spot of scales ab-
sent. Abdemen with or without narrow basal white
bands. Wing scales dark with small patch of pale

scales ab buse of costa in about 85 percent of spoci-
mens, Legs dark; femorn partially pale scaled.

Male genitalia (fig. (1).—Basistyle about three
times as long as wide; apical lobe large and rouncled
with many long setae; basal lobe partially detached
at base, surface with some small setae, several
larger curved omes, and stout spine on margin,
Claspetie stem lightly hirsute on busal half, apical
hall more slender; filament Aot and expanded an-
gularly to its maximum width at base,

Larva (fg. 62).—Upper head hairs usually five,
lower four. Prothoracie hair 1 single. Lateral ab-
dominal hairs usually double on segments 1 and 2
and single on 3 to 6. Comb with 60 or mare seeles;
cach seale with rounded fringe of spines apically.
Alr tube about 3 by 1; peeten not reaching middie,
followed by large multiple tuft. Anal segment with
plate extending about two-thirds down sides; lateral
hair shorter than plate; anal gills about twice length
of segment.

Distribution, biology, and importance.—
This species has been found in Baker County, Oreg.,
and in Blaine and Bear Lake Counties in Idaho
(map 6). The larvae have been taken in open flooded
meadows in semiwooded areas. In Alaska the larvae
were found in bogs, roadside ditches, vehicle tracks,
and small bodies of water in recently disturbed

Froune 6l.—Aedes pionips male genitalia.
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Flovre 62.—Aedes plonips larvi

soil (114). Little is known of its habits, nnd beeause
of its rarvity it is considered of little economic 1m-
portance.

Aedes (Ochlerotatus) pullatus {Coquillett}

Culex publatus Coquillett, Wash. Ent. Soe. Proc. 6: 168
190:,

Female.—Mcsonotum  with yellowish-brown
scales; narrow bare median line with parallel stripes
of brown scales, each stripe bordered by broader
stripe with few dark scales; with or without narrow
bare curved posterior half lincs. Postcoxal seale
patch absent. Sternopleuron with scales not ex-
tending to anterior border. Lower mosepimeral
bristles one to five. Hypostigial spot of many white
sonles. Abdomen black with basal white bands,
Wings dark scaled with patch of pale scales at base

of costa in about 95 percent of specimens. Legs
dark; femora and tibiae partially pale sealed.

Male genitalia (fig. 63).—DBasistyle about 3lg
times as long as wide; apical lobe prominent and
somewhat clongated, ventral surface covered with
numerous long setae; basal lobe represented by
large spine at margin and some small setae. Claspette
stem with basal half large, pilose, and forming
rounded projection at middle, apical half slender;
filament angularly expanded to rounded point necar
middle.

Larva (fig. 64).—Upper head hairs five to seven,
tower usually four; hairs short and tufts set clase
together. Prothoraeic hair § usually triple. Lateral
abdominal hairs double ov tripie on first to fifth
segment and single on sixth, Comb 28 to 55 scales
in trinngular pateh, cach seale fringed with spincs,
apical spines longer. Air tube 3 by 1; pecten tecth
closely set, not reaching middle, closely followed by
large six- to seven-haired tuft. Anal segment with
plate extending about two-thirds down sides;
lateral hair shorter than plate; gills 134 to two times
length of plate.

Distribulion, biology, and importance.—
Although this species is not too common, it has been
taken in a number of places in the high forested

Figuns (3.—Aedes pullatus male genitalia.
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Fiaure §4.—Aedes pullatus larva,

mountainous areas (map 4). The larvae are usually
found in melting snow pools associated with a num-
ber of other species. The adults emerge rather late
and are severcly annoying for only & short time.
They have been observed to bite in shaded areas
during daylight.

Aedes (Ochlerotatus) punctor (Kirby)

Culer puncler Wirby, Fuunn Boreali-Amer., pt. 4, p. 300,
1837,

Aedes cyelocerculus Dyar, lnsceutor Inaeitine Menstruus 8:
23, 19200 “(in part).”

Aedes levconotips Dyar, ibid. 8: 24, 1920, "{in part).”

Female.—Mesouotum pale yellow to yellowish
brown with paired dark-brown stripes and usually

with posterior submedian half stripes. Posteoxal
seales present. Sternopleuron with seales extending
to anterior border. Probasisternum usually without
or with few white scales on posterior arex. Hypos-
tigial spot of scales absent. Abdomen black with
basal segmental white bands. Wings completely
dark scaled or with few pale seales at base of costa.
Legs dark; femora and tibine with or without scat-
tored pale seales.

A “tundra” variety of punclor was found in the
tundra areas of Alaska by Knight (173). This form
m which the mesonoturn is brown and unlined is not
known to oceur in the Northwest.

Mulde geaitalia (fig. 65).—"

The characters of the
male genitalin of this species are the same as those
of Aades hexodsntus.

Larva (fig. 66).—Upper and lower head hairs
single or double. Lateral abdominal hairs usually
single or double on segments 1 to 6. Comb with 10
Lo 19 stout seales in irregular row; each scale with
long median spine and very short lateral spinules.
Alr tube 214 by 1; pecten fine and not reaching
middle of tube; tuft centrally placed. Anal segment
ringed by plate or narrowly open ventrally; lateral

Froune 656.—Aedes punctor male genitalin,
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Prgrie B

Aedes punclor hurva,

hair longer than plate; gills 115 to three times as
long as plate,

Distribution, biology, and importance.—
This speeies has been collected in several pliees in
northern Washington and northern Idabo (map 7).
Myklebust ({99} collected hiting adults in Chelan
County, Wash., June 1961, and we gollected small
numbers of third- and fourth-instar larvae in April
1963 in somiwooded swampy areas in Pend Oreille
County, Wash. Ogden?® colleeted adults near Loke
Wenatchee, Wash, Matheson (/ 90) stated that the
larvae may also oceur in grassy bogs and in forest
pools containing deeaying leaves. This species, which
can be an important pest (222), is probably of tittle
iraportance in the Northwest beeause of its limited
pumboers,

sOgden, W. Bl

Porsonal communication, 18063,

dedes {Ochilerotletus) schizopinax Byar

Aedes sehizepiner Dyar, U8, Nath Mus. Proe, 75 (28): 1
1oy,

Femuale.—Proboseis with  yvellowish-gray scales
on ventral surface. Mesonotum with bronze-hrown
steipes separated by golden-brown stripe with bare
median ling. Posteoxal seale patch present, Sterno-
plewron with seae pateh extending to anterior edge.
Lower wesepimeral bristles present. Abdomen dark
with basal white bands. Wings dark scaled with
pateh of two or three to nany scales ot base of costa.
Logs dark; undersurface of fomorn pale scaled.

Male (fig. 07)—DBasistyle length
about three times its midwidth; apical lobe long and
rounded with short curved setac; basal lobe flatly
conieal with numerous setae, curved spine followed

genitalia
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TFigrig 67.- - Aedes sehfzopinax male genitalin,
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by row of long slender setae. Claspette stem slightly
curved, expanded near middle, and pilose to near
apex; filament nearly as long as stems, expanded
near middle, and terminating in blunt curved point.
Larva ifig. 68— Upper head hairs three to five,
lwer two or three. Prothoracie hair number 1 fong
und three- o five-branched. Lateral abdominal
hairs double. Comb with about 40 seales: each seale
with long median spine and short Interal spinules,
Air tube about 3 by 1: pecten teeth unot reaching
suddle; tuft of three o five hairs. Anal segoent
with plate spiculate on apieal ares and extending
to near venbead line; lateval hair cqual 1o or longer
than plate; gills about us long s plate.
Distribution. importance.—
This is o rave species of little economie importance
i this region. IL has been found in only two counties
in southern Idaho and in only two counties in castern
Orvegon (map 7). Larvae have been collected in
waler in eattle tracks and in pools in mountain
valleys below 7,000 feet (203). The females did not
atlack man in arens where the larvae developed, but
they could be collected in light traps, Carpenter
1541 collected larvae in similar types of breeding

biology,  amd

Fravue 68, - Aedes schizopinex larvn,

areas in California mouninins at clevations of
5,100 to 7,800 feet. Adults of this species were seen
resting on the vegetation in one aren, but he was not
able to attract or eapture them in the daytime,

Aedes (Finlaya) sierrensis {Ludlow)
Tueniorhynchus sterrensis Ludlow, Canmnd, Kat. 370 321,
£,
Crler varipafpes "Coquillett” Lodlew, ihid, 38: 132, (906,
Aedes siervensis ULadiowY" Belkin and MelDonald, Calif,
Vertor Views 3 (H0) 340 1054,

Female. - Palpi black sealed with tip broadly
white sealed and few white seales at apex of seeond
segment. Mesonolum Drown with median anterior
pateh and narrow posterior curved lines of vellow
seales; marging with mixture of pale seales and
sculeilum with broad white scales. Abdomen black
with median trinngular patehes of white seales
that may extend narrowly to lateral white patches
to Torm band. Wing seales dark with pateh of white
scales at base of costa. Leogs dark with white bands
involving both ends of all but last two segments
of front and middle tarsi, which are black, and
last segment of hind tarsi, which is white.

Male genilalia (fig. 69) —Basistyle three times
as long us wide; apieal lobe absent; basal lobe narrow
with long spines basally and short setae extending
to apical fourth of basistyle. Claspetic with cylin-
drical stem; filunent narrow, ligulate, and as long as
stem.

Larva {fig. 70).—Antennae slender without
spines and with single hair beyond middie. Upper
head huirs usually single or sometimes double, lower
head hairs usually double or sometimes single or
triple. Tateral abdominal hairs usually double or
triple on first three segments, double on fourth and
ffth, and single on sixth. Comb with about 12 to
23 seales; cach scale fringed with short spinules.
Alr tube about 3 by 1; peeten teeth evenly spaeed
on basal fourth or third of tube; tuft slightly beyond
pecten; acus attached. Anal segment with plate
exteading down about halfway; lateral hair longer
than segment; anal gills enlarged, bluntly rounded
at apex, about equal in length, and about four times
as long as segment,

Distribulion, biology, and importance.—
The species ocgurss in all the Northwestern States
{(map 3) but is usually not too abundant, espeeially
in Idaho {32). The largest numbers are found in
the foothifls of the Coast Ranges and the Olympic
Mountains in Washingfon. It is a rather small
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mosquito and breeds in tree holes and In many
kinds of artificial containers. Reeves (225) reported
finding it also in rock pools and woaden receptocles
under trees. In Oregon numnerous larval collections
have been made in old automobile tires and free

Fiacre 70.~—Acdes sterrensts inrva.

stumps. The larvae may be found in midwinter if
temperntures below freezing do not prevail for long
periods.

Peyton (211} stated that the life cycle may be
completed in as little as 15 days under opthnum
conditions. In unpublished observations on develop-
ment at approximately 75° T, we found that about
12 duys were rvequived for eggs (conditioning),
10-14 days for larvac, and 4-6 days for pupsc. This
compures favorably with the data reperted by
Judson ot al. ({57}, These authors found that the
dissolved oxygen required for egg hatching was
very low {0.025 p.p.m. or less).

It is a persistent biler bub apparently has a re-
stricted Right range. It has been found to be an
experimental vector of western equine encephalitis.

This specics was resurrccted in 1956 by Belkin
and MeDonald (26). These same authors (27}
deseribed o new but closely related species from
Avizona, Aedes monlicola Belkin & MeDonald, and
gave separating characters and a general discussion
of the “varipalpus’ complex.

Aedes (Ochlerotatus) spencerii idahoensis

{Theobald}

Crrabhamin  spencerii  var.  idabocnsis Theobald, Monog.
Culieidae 3: 250, 1903,

Female.—Mesonotum with broad reddish-brown
stripe usually separated by fine ling of grayish
scales, - faint posterior half lines present or absent,
sides and anlescuteliar space with grayish-white
seales. Lower mesepimeral bristles absent. Abdomen
black with broad basal white bands. Wings with
costa, first, third, and fifth veins dark sealed, other
veins with pale scales. Legs mostly pale scaled;
femora, tibiae, and some of apical tarsi partially dark
scaled oupwardly.

Male genitalia.—The characters of the male
genitalia of this specics are considered the same as
those of Aedes sticlicus.

Larva (fig. 71)—Upper and lower head hairs
single, or occasionally with one or two hairs double.
Latoral abdominal hairs usually triple on segments
1 to 3 and single on 4 to 6. Comb with 13 to 29
scales in irregular patch; each scale with broad
terminal spine of medium length and short lateral
spinules. Air tube stout, about 214 by 1; pecten of
closely set teeth to middie or slightly beyond, last
two teeth detached, followed by small tuf. Anal
segment with plate nearly reaching to ventral line;
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Provre 71w Aedes spencerii iduhoensis larva,

laternl hair shorter than plate; gills pointed and
about twice length of plate.

Distribution, biology, and importance.—
This species is more common in Idaho than Washing-
ton or Oregon (map 5. It commonly oecurs in the
treeless pluins or in low mountain areas. It has been
found in largest numbers in southern Idaho, where
ib is an important daytime pest in localized aress.
The larvae have been colleeted in open meadows,
flooded arveas partially grown up with willows,
timbered river bottoms, and roadside ditches,

Aedes (Ochlerotatus) sticticus (Meigen)

{ulex stictions Meigen, System. Beschreibung der Bekannten
Furopitischen Zweitliigeligen Insekten 7: 1. IS38.
Culex Rireuteron Theabald, Monog. Culicidee 2: 08, 1901,
dedes aldricks Dyar and Knah, U8, Natl. Mus. Proe, 25-
&7, 1008,

Aedes gonimus Dyar and Knab, Tuseentor Inscitine Men-
struus 3; 163, 1018,

Aedes lnlerafis (Meigen) Edwards, in Wytsman, Genera
Inseetorum 194: 144, 19392,

Female.—Mesonotum yellowish white with two
golden-brown stripes and posterior half lines; an-
terior stripes separated by narrow median line of pale
senles, which is sometimes indistinet or absent,
Posteoxal scale patch absent. Lower mesepimeral
bristles absent. Abdomen black with basal white
bands. Wing seales dark with or without patch of
pale scales on base of costa, Legs dark; femora and
tibine partially pale sealed.

Male genitalin  (fig. 72).—Basistyle nearly
three times as long as wide; apical lobe large and
rounded with short eurved setac; basal lobe ex-
panded, semidetached apically, outer surface with
short setae, large spinc at base, and adjoining tuft
of long setae. Claspette stem eylindrical and slightly
tapered at apex with one or two setae above mid-
point of inner side; filament short, broad, expanded
at middle, and terminating in blunt, curved point.

Larva {fig. 73).—Upper head hairs two or three,
lower one or two. Lateral abdominal hairs variable,
usually multipie on first segment and double on
second to sixth, Comb with about 18 to 28 scales in
triangular pateh; cach seale with long median spine
and short lateral spinules. Air tube stout, 214 by 1;
closely set even pecien teeth to near middle of tube;

Figure 72.—Aedes sticticus male genitalia.
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Fruvue 73,0 - Aedes sliclticns Inrvn,

multiple tuft set close to end of peeten, Anal seg-
ment with plate extending nearly to ventrsl line;
spicules minute or absent; Interal hair shorter than
plate; anad gills pointed and about twice length of
plate.

Distribution, biology, and impertance.—
This is one of the most important mosquito pests
in the Northwestern States. It breeds in large num-
bers in the brushy bottem lands along the Columbia
River and in similar places. It also oceurs along some
other rivers in northwestern Washington and various
locations in [daho {map 3). The larvae, which are
usually nssovinted with Aedes vexans, are found in
large numbers for aboul, 100 miles below the Bonne-
ville Dam when the annual spring fAcod of the
Columbia inundates the bottom lands. The adulls
disperse for 15 to 20 miles or more and remain a
seriotts pest to man and livestock throughout the
summer. The cggs may remain viable for al least 3
or 4 years if nol reached by normal floods {105).
This species has been capable of transmitting western
cquine and Bt. Louis encephalitis viruses,

Aedes (Ochlerotatus) stiruduns (Walker)

Culer stimwfons Walker, List of Dipterous [usects in Brif,
Mus., pt. 1, ot 1SS,

Female.—Tori with or without white scales on
dorsnl half, Alesonotum yellowish white to light
brown with bread medinn brown stripe or variable
pattern of brown and light seales. Lower mes-
epimeral bristles three or four, rarely one or two.
Abdonient blaek with basal segmental white bands.
Wings eomplotely dark sealed or with admixture
of white ones on eosta. Tegs <dark; tarst with basal
white bands on all exeept last two sepments of front
anel last sepment of middle tavsi, white bands broader
on hind tarsi; tarsal claw with short Looth not
parallel to claw,

Male menitalia (fg. 74} —DBasistyle about three
times as long as wide; apieal lobe with few short
setae; basal lobe low, flatly rounded, with many
shorl selae and stout marginal spine. Claspette
stem hirsute exeept at apex; filament thin and an-
gularly expanded near middle,

Larva (fig. 75).—Upper head hairs one to three,
lower one Lo two. Lateral abdominal hairs triple on
segment 1, double on 2 to 3, and single on 6. Comb
with about 25 to 35 scales; eagh seale with median
spine about 134 limes as long as lateral ones. Air

Ficune 74— edes stimulans male genitalin,
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Fsavnn 75, - Aedes sifimulens larva,

tube 3 to 3!y by 1; pecten leeth extending nearly
to middle, followed by small tufl; apieal setae
shorter than lateral valve. Anal segment with plate
smaentated apieally and extending about two-thirds
down sides; lateral hair shorter than plate; gills
about & fong as plate.

Distribution, imporlance.—
The larvae of this species breed in snow pools and
other overflow pools in woodiand areas. Thex are
said to be persistent biters in areas where they are
numerpus, Harmston and Rees (7331 coliccted this
species in three counties in southern Idaho (map 7).

biology, and

Aedes (Qchlerotatus) trichurus {Dyar)

Cnler trechurns Dyne, NUY, Ent, Soe, Jour, 17 170, 244

il

Female.— Mesonotum  with median brown or
mixed brown and gray scaled stripe expanded in
width behind middle, sides and margins with grayish-
while seales. Posteoxal seale pabeh present. Sterno-
pleuron with scales extending to anterior edge.

Probasisternum with white seales on posterior nrea.
Lower mesepimera! bristles three to six. Hypostigial
spot of few to many white seales. Abdomen black
with basal segmental white bands. Wing scales
dark, usually with patch of two or three to many
pale seales at base of costa. Logs black; feinora
pale sealed benenth,

Male geniwnlia (fig. 76) ~—Busistyle three times
as long as wide; apical lobe prominent and angularly
rounded with few setne; basal lobe small, covered
with selae, and bearing two long slender posteriorty
directed spines. Claspetie stom with leng eylindrigal
eurved stem slightly expanded before apex; filament
short and conicul with series of transverse ridges.

Larva (. 77).—Upper head hairs usually
double, lower single. Lateral abdominal hairs triple
on segment 1, double on 2 and 3, and single on 4 to
6. Comb with about 12 to 16 thorn-shaped scales
in double row. Air tube about 3 by 1; pecten reaching
basal fourth of tube with four o five widely sepa-
rated detached teeth; multiple hair tuft within
pecten and additional small tufts on dorsal and

N

Figure T8.—Aedes frichurus male genitalin.
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iaune 77 —dAedes frichurns lneva,

lateral surfaces of siphott. Anal segment with plate
nearly rexching ventral line; gills stightly longer than
segment.

Distribution, biology, and importance.—
Phis rather uncommon mosquite oceurs in somi-
wooded nreas in [daho and northeastern Washing-
tan {map 6). The larvac have been found in pools
in the margin of woods, in large open-ficoded areas
with sparse small brush, and in cattail ponds. The
fernales have been reported to feed readily on man
but are loss aggressive than Aedes communis. This
speeies ogeasionally may be falrly numerous in
small localized nreas.

Aedes (Ochlerotatus) trivittatus

{Coquillett}
Culer trivittates Coquillett, N.Y. Ent. Soc. Jour. 107 193,

1902,

Female.—Mesonotum  with pair of yellowish-
white stripes separated by wedian stripe of brown
scales, anterior margins yellowish white, lateral
marging brown. Lower mescpimeral bristles absent.
Postcoxal scale patch sbsent. Abdomen black
sealed with basal white triangular patches and with
or without central white spots. Wings dark scaled.
Legs dark scaled; first tarsal segments pale.

Male genitalia (fig. 78) —Basistyle about three
times as long as wide; apical lobe rounded with few
short setag; basal lobe prominent, bluntly conieal
with many short setae apically, large spine, and
group of long fine setac near base. Claspetic stem
gylindrieal and hirsute; flament expanded into
sharp retrowse projection at basal third and fer-
minating in eurved point apically, retrorse expar an
ocensionally with smnil spines.

Larva {(fig. 79).—Upper and lower her  hairs
single. Lateral abdominal hairs usually ¢ ahle on
segments t and 2 and single on 3 to 5. ¢ mb with
about 17 to 26 seales; cach scale with +  .ian spine
slightly longer and somnewhat broadd  than sub-
apieal spines. Alr tube about 2 by pecten ex-
tending beyond middle, foliowed by multiple hair
tuft. Anal segment ringed by plal; lateral hair
slightly shorter than plate; gills 2! to three times
as long as plate.

Distribulion, bioclogy, and importance.—
The larvae of this species breed in Hoodwater pools
in meadows and woodlands. Observations on the
biology bave been made by Abdel-Malek (2). It
is an important pest in some arcas in the East, but

Tiaurk 78.——Aedes irivittatus male genitalia.
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Fioure 70.~—ledes trivitiatus lurva.

in the Northwest it has been found only in small
numbers by Harmston and Rees (133) in Canyon and
Owyhee Counties of Idaho (map 7).

Aedes (Ochlerotatus) ventrovittis Dyar

Aedes ventromittis Dyar, Insecutor Tuscitine Menstruus 4:
48, 1616,

Female.—Mesonotum brown, darker centrally,
fringe of yellowish scales around margin. Postcoxal
scale pateh absent. Lower mesepimeral bristles
absent. Abdomen black with basal white bands,
which may be narrow or absent medianly. Wing
scales dark with or without mixture of white scales
extending outwardly from base of veins. Legs dark
with mixture of pale scales; tarsi mostly dark.

Male genitalia (fig. 80)—The characters of the
male genitalia of this species are considered the same
a5 those of Aedes sticticis.

Larva (fig. 81).—Upper and lower head hairs
single or rarely with one of hairs double. Lateral
abdominal hairs usually multiple on segments 1 to
3, double or single on 4 and 5, and single on 6. Comb
with six to 12 thornlike scales; each scale with long

median spine and minute lateral spinules. Air tube
tapering, about 214 by 1; pecten reaching nearly
to middle of tube with one to four detached teeth :
tuft of five to six hairs near middle of tube. Anal
segment with plate nearly reaching ventral line;
lateral hair shorter than plate; gills about 214 times
length of plate,

Distribution, biclogy, and importance.—
This speeies has been taken only in a few places at
higher elevations (map G). The larvae have been
collected in pools in open meadows and in roadside
borrow pits grown up with willows. Adults are
seldom present in sufficient numbets to be annoying.
Carpenter (65) “ound the larvae in largest numbers
in very smali depressions on the sloping ground of
mountain meadows in California, where melting
snews kept these depressions filled and oecasionally
carried the larvae along into larger pools.

F1aurE 80.—Aedes ventroviliis male genitalia.
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Fiouns S1.—Aedes ventroriliis larva.

Aedes (dedimorphus) vexans {Meigen)

Culex vexans Meigen, System. Beschreibung der Bekannten
Burepiitschen Zweifligeligen [nsckten 6: 241, 1830,

Female.—Mesonotum  clothed with bronze-
brown scales, paler at base of wings and around
antescutellor space. Lower mesepimeral bristles
absent. Abdomen black with centrally indented
basal white bands. Wing scales brown. Legs with
parrow basal white bands on all segments of hind
tarsi, first four segments of middle tarsi, and first
three segments of front tarsi.

Male genitalia (fg. 82).—Basistyle twice as
long as wide; dististyle long, broad, and divided
near apex; short arm with stout elaw. Claspette
stern short and capitote with dense crown of spines;
filament absent.

Lurva (fig. 83}.—Upper head hair two to four,
jower two or three. Lateral abdominal hairs two to
three on first to third segment, two on fourth and
fifth, and single on sixth. Comb with nine to 14
scales in irregular double row; each scale with long
central spine and short lateral spinules. Air tube 3
by 1; pecten reaching past middle with one to three

Fiourg 83.—.A edes vexans larvs.




THE MOSQUITOES OF THE NORTHWESTERN UNITED STATES

detached teeth and small multiple-haired tuft
near end of pecten. Anal segment with plate ex-
tending almost to midventral line; laters! hair
shorter than plate; gills about 114 to two times
length of plate.

Distribution, biology, and importance.—
This species is found over the greater part of the
Northwestern States (map 3). It is one of the most
important pest species in both irrigated und flood-
water areus. It is present in overflow aress along
many rivers, but it is most abundant on the bottom
lands along the Coluinbia River and its tributaries
for about 100 miles below the Bonneville Dam. In

69

this area the larvae are associated with those of
Aedes sticticus in the partially open, brushy, or
wooded areas. The sdults sometimes disperse for
15 to 20 miles or more from their breeding places
and are & serious pest to man and livestock for 3 to
4 months during the summer. Along the Columbia
River several hatchings may oeccur depending on
the number of floods, since all eggs may not hatch
with the first Hooding. More than one generation
may also oceur in the irrigated sections, This species
hus been found naturally infected with western
cquine encephalitis and has been experimentally
infected with St. Louis encephalitis virys,

Genus CULEX Linnaeus

Keys to Species

ADULTS
- Torst and probosels ringed with white...... . 2
Tarst and proboscis not ringed with white..........___.___ /(11111 3
2. Femora and tibix with line of white scales on cuter surfuces; inner surfuces of tori white scaled; ventral segments
of abdomen with median dark-sealed v__.._...... . T " ToesEma tarsalis, p. 77
Femora and tibin without white line of seules o outer surfaces; inner surfaces of tori without white scales;
ventrnl segments of abdomen with median dark-sealed oval spob_.._ . _______________ peus, p. 73
3. Abdominnl segments with apical white lateral patehes and whitebands___.___.________________ " 4
Abdominal segments with pale basal lateral patches and partinl or complete white or yellowish bands_.________ 6
4. Hing femur with pale posterior stripe ending shortly before npex; pelpt about three times as long as flapellar
segment 4 . T T e e e apicalis, p. 70
Hind femur with pale posterior stripe complete; palpi about twice as long as flagellarsegment 4 _____________ 5
4. Qeeiput with domal pale scules ashy white; abdominal segment 5 of unengorged dried specimens aliout 1.3
times as broad us long. . T TTTTEeesoceemsoos eeeeeoel________._.__ lerrilans, p. 78
Occiput with dorsal pale seales yellowish; abdominal segment 5 of unengorged dried specimens about 1.5 to
I-7 times as broad as long ... .. ..o T A Ao boharti, p. 71
G. Mesonotum reddish brown with narrow hairlike golden-brown scales; coxse reddish brown..________ erythrothoraz, p. 72
Mesonotum brown or dark brown with aarrow curved seales; coxae brownordarkbrown.___________________ 7
7. Abdominal segments with narrew to mormatbasalbands. ... . _ T 8
Abdeminal segments with fow dingy-yellow basal scales or with narrow basal bands; seveath segment, partially
or completely covered with yellowish seales ._____.._...._______________' "= o salinarius, p. 76
8. Mesonotum usually with pair of small white spots near middle; abdominal bands broadly joined to laterai
patches. . T T e TSR resiuans, p. 75
Mesonotum withaut white spots; abdominal bands narrowed Interally or entirely disconnected from lateral
PabCRes. . R P. pipiens, p. T4
MALE GENITALIA
L Tenth sternite crowned with singlerowof bluntteeth ... .. .. 2
Tenth sternite crowned with tuft of short bristles. .. T 4
2. Mesasome plates joined at base but not connected subspically by sclerotized bridge____..______________ apicalis, p. 70
Mesosome plates jomed at brse and.connected subapically by sclerotized bridge. . ____________________ 3
3. Mesosome piates broad at midpeint and strongly narrowed to blunt sclerctized point apically._. . ________ boharti, p. 71
Mesosome plites of even width; apex broadly rounded and not heavily selerotized .. __.______ . __ ferrifans, p. 78
1. Subapicn! lobes of basistyle with eight appendages. ... ... . ___ TS . pipiens, p. 74
Subupieal lobe of basistyle with six or less appendages. ... ... ... . _________ 5
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5. Subupical lobe of Lasistyle with one of filaments clublike; 10th sternite with outer spines on upex blunt.__. farsalis, p. 7%
Subapicnl lobe of basistyle with one of filaments brond and lenflike; 10th sternite with all spines on apex

R 6

6. Megosome with one stout blunb L0Oh. ..o mimaca e s e RS restuans, p. 15

Mesosome with severnl teebh. | oL . ioiiam e cmemcen Somemsess s monosETETaTEEI T 7

7. Mesesome with about four stout T P PR R pens, p. 73

Mesosome with sicormoreteeth ... ... - VR 8

g, Mesogome with right angle bend at middle of dorsal nrm; most apicnl tooth nearly struight unel much smauller

thun adjucent teeth.

_ . salinarius, . 76

Mesosome with nearly straight dorsal sem; most apical taoth hent and about sume size or larger than adjacent

tecth .. o..o -

-« crythrolhoraz, p, T2

LARVAE

I, Upper head hairs one to three, lower single or doubde.. ...
Upper head hairs four ar more, lawer three or more.

Lufts sbout one-hall ns long ns air tube, .. . .

2

............ e dmmr e 4

& Air tube more than seven times its grealest dinmeter; basal diameter nbout twice apieal dinmeter; ventral
tults less than one-half length of air tube.. . -
Air tube less than seven times its greatest dismeter; tugol dinmeter less than twice its apieal diumeter; venlral

apicatis, p. 70

3. ourth shdominal segment distinetly paler than third or lifth; spicules relatively slender near dorsal apex of

sncule e R RPR PP L EEEES S boharts, p. 71
Abdominunl segments evenly eolored or aceasionally with fourth segment pale; spicules becoming course near
dorsal apex of sacddle ... oL o o oo o e eiiooene - eowere st T territans, p. 78
L. Air tube with four to six long single irregularly placed hairs and subapieal tuft of twa or three small hairs. ___ rvestuans, p. 73
Air tube with multiple Bt oo .ooio comaeascmmemooese o omsmonommoTo oS TEEI TS 5
5. Air tube with five pairs of tufts in nearly struight e o oo e i e tarsalis, p. 77
Adr tube with four, five, or six pairs of tufts with one ar more pairs Interally out of line_ oo oroiciarrae e i}
5. Air tube 4 to 5 by 1; lower head huirs three or four oooooocunooierrcmemomnmn s o e T T 7
Air tuhe 6 to 7 by 13 lower head hairs X OF SEVEN o oo ove oo nroommmemun oo nr oo s e 8
7. Microsetae on dorsal apex of anal piate much larger than those on dorsul middle; lateral abdominal hairs usunlly
triple on third and fourth segments._......... e emmeidiccmameaamnaneno—a- DEUS, D 73

Microsetae on dorsal surface of anal plate inconspicuous nod of ubout equal size; lateral ubdominal hairs
usunlly duuble on third and fourth segmenis .. _...-..

b
7

_______________________________________ p. pipiens, p. T4
Air tube with four or five pairs of tufts, subapical pair out of line; comb nsunlly with more than G5 seajes_ .. selinorius, p. 76

Air tube with five pairs of tufts, third and fourth pairs usually lateraily out of line; comb usually with 35 to 60

seales. ... .o

Descriptions of Species

Culex (Neoculex) apicalis Adams

Culez apicalis Adams, Kans. Univ. 8Sci. Bul. 2: 26. 1803,
Culex apicatis Bohart, Ent. Gao. Amer. Ann. 41: 336, 1948,

Female.—Mesonotum  with  grayish to light-
brown scales and with pale scales around margins;
central ares scales often forming median line and
curved lateral line. Abdomen tlark scaled with apical
segmental white bands. Wings dark sealed. Legs
dark scaled; hind femora with pale posterior stripe
ending shortly before apex.

Male genitalin (fig. 84) —Subapical lobe of
basistyle with two rods and about six spines. Tenth
sternite crowned with short blunt spines. Mesosome

erythrothoraz, p. 72

plates relatively narrow and not connected sub-
apieally.

Larva (fig. 85).~—Upper head hairs two or three,
Jower one or two. Lateral abdominal hairs multiple
op first and sceond segments and double on third
to sixth. Comb of many scales in patch. Air tube
about 8 by 1; pecten teeth on basal third, followed
by five or six pairs of tufts beyond pecten.

Distribution, biology, and importance.—
Larvae of Culex apicalis have been collected only
near Cave Junction in Josephine County, Oreg.,
in 1962 by Hoffrean® (map 8). In Nevada the
aquatic stages have been found in the vicinity of

* Hoffman, B. L. Personnl communication. June 30,
1967.
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Figurng §4.-- Culer apicalts male genitulia,

fresh water springs by Chapman (68). The females
are not known to bite man. Linam and Nielsen
(182} found that the females overwintered in an
abandoned sandstone shaft in one ares in Utsh.

Culex (Neoculex) boharti
Brookman and Reeves

Cuter boharti Brookman and Reeves, Pan-Pacific Eunt, 26
159, 1630,

Female.—QOcciput with narrow cwrved yellowish-
brown seales and brown forked senles dorsally.
Mesonotum brown scaled with pele scales around
marging and pair of pale spots near middle. Abdo-
men dark sealed with apical segmental white bands,
Wings dark sealed, Legs dark sealed; hind femora
with pale pesterior stripe extending to apex,

Male genitatin (fig. 86)—Subapical lobe of
basistyle with two rods and about six spines. Tenth
sternite crowned with short, blunt, spines, Mesosome

Fraurg 86.—Culex boharti male gernitalin.

71
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plates broud, nurrowing at top, and heavily selero-
tized apically; plates joined by 2 golerotized band
newl Bpex.

Larva {fig. 87).—Upper head hairs usually double
and lowers single. Latersl abdominal hairs multiple
on first and second segments and double on Lhird
fo sixth. Abdomen evenly pigmented except for
fourth segment, which is much paler. Comb with
many scales in pateh. Air tube about 6ls by 1;
pecten teeth on basal third, usually followed by
five pairs of tulls, first tuft oceasionally within
peeten.

1istribution,
This species has been colfected as larvae in seversl
counties in Oregon {map 8). It is hikely wore widely
distributed than these records indicate. The larvae
wore found associnted with Culex territans along the
mnrgin of & luke formed by o beaver dam and with
C. territans, Anopheles freebornd, and Culiseta incidens
in the grassy margin of a spring-fed stream. The
fomales are not known to bite man and lithle s known
of its cconomic imporiance.

biology, and importance.—

Crlex (Culex) erythrothorax Dyar

Cuber erythrothorae Dyar, UK Nudl, Mus. Proc. 320 124
17

Fraung §7.- -Culez bohartd larva.

Femule.—Moesonotum  with  narrow  hairlike
golden-brown  seules, prescutcllar area partially
pale sealed. Abdomen with dark-brown seales and
with narrow indistinet yellowish-white basal bands
on segments 2 to 7. Wing seales all dark, Togs
dark; undersurface of {emora and tibine partinlly
pale sealed,

Male genitalia (fig. 88)-—Subapical lobe of
basisbyle wilth {hree rods, o spine, o broad leaf, and
o sele. Tenth sternite crowned with muny spines;
basal arm long and curved. Mesosome plates broad;
each plate with short slender ventral arm, long
stout dorsal arm, and number of peinted tectin

Larva (fg. 89).~Upper ad lower head hairs
multiple. Laterzl abdominal hairs usuaily mulliple
on first and second segments and double on third
{o sixth. Comb with many scales in patch; each
seale fringed with short spinules iaterally and longer
ones apically. Air tube about 612 by 1; pecten tecth
on basal fourth, followed by five pairs of tufts, next
to the last onc or two pairs more dorsal and ocut
of linc.

Distribution, kiology, importance.—
This species has been taken only in Canyon County,

and

Frgune 88.—Culer erythrathoraz male genitalia,
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Puwivns SO, Culer ergthrothorar larea,

Llabo ©/33) tmap 8). Niclsen and Bees (204)
stated that it & abundant in the northern valleys
of Utah, where it preferred breeding places are
permanent swiunps confaining eonsiderable vege-
tation. Chaptnan 60) found that in Newvuda the
principal brood develops from eges laid from Hep-
tember fo November and that the larvae over-
winler in the =second o fourth instars. e al<o
showed that autosgenous populations oecwr in Ne-
vada, and be 45 studicd the bioccology of the
species, The females were Tound to loed on chickens,
mice, rabs, squirrels, and lizacds (Henderson and
Senior £, They will also readily attack man and
may be o pest in some areas,

Culex (Ciddex) peus Speiser
Order affies Ndams, Kans Univ, Sei, Bl 20 2017, 1000
Caler pevie Bpeser, boseklen-Borse 217 1180 1004,
Crler shpmatosoma Ovar, U5, Nutl, Mus, Proe, 320123,
1007

Female. o Proboseis  ringed  with  while. Tori
withont seales aned basal segment of flagelum brown
sealed. Mesonotum with bronze-brown seales inter-

mingled with paler ones and forming no definite

patiern. Abdomen black with hasal segmental white
bands; ventor pale sealed, each segment inarked with
median oval durk-senled spot. Wing seales all dark.
Leps <lark; darst with ring of white scales on both
endls of all segments exeept lrst one or bwo of fronk
and middle legs,

Mule genitalia  (fig. 90). —Subuapical lobe of
busistyle with three rods, a seta, a broad leaf, and
a seta. Tenth sternite densely erowned with slonder
spines; hasal wem long, stout, and surved. Mesosome
plates each with broadly rounded ventral arn, leng
pointed dorsal arm, and about four stout teeth.

Larva (fig. 91).---Both pairs of head hairs multi-
ple. Lateral abdominal hairs triple on first to sixth
segments. Comb with many seales in pateh. Alr
tube about 4 to 5 by L; pecten on basal third, fol-
lowed by four 4o six, usually five, pairs of hair tufts,
subapieal pair{(s} out of line. Position and number
of tults on air tuhe vary considerably (42).

Disiribution, biology, and imporlance.—
This species oceurs pringipally in the southwestern
half of Washington and western part of Oregon
{(map 9). No collections have beon made in Tdaho.
The larvae develop in large numbers in log ponds.
They also oceur in strect eateh basins and in water

Frgune §0.—{"uler pers male genitulin.
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1P1gris 91.—-Culer peis lurva

polluted by sewage. The lemales rarely bite man.
Although the species is known to feed on chickens,
mice, guinea pigs, and man in the laboratory, most
speeimens that we and our associates collected in
Oregon were very reluctant to feed on white mice,
chickeng, or frogs. However, this is not considered
unusual for strains initially brought into the labora-
tory. Western cquine encephalitis has been isolated
from wild caught specinens in California (181).

Cidex (Culex) pipiens pipiens (Linnaeus)

(Culex pipiens L., Systema Naturac per Regna Tria Nuturae,
od, 10: 602, VA8

Female.—Moesonotum brown scaled. Abdomen
black with basal segmenta! white bands, which are
widest at middle and narrowed at sides where they
join lateral patches. Wing seales all brown. Legs
brown; undersurface of femora and tibiac pale
sealed.

Male genitalia (fig. 92) —Subapical lobe of
busistyle with three rods, three sotae, a broad leaf,
and a scta. Tenth sternite densely crowned with

short spines; basal arm short and blunt. Mesosome
plate large; ventral arm curved, laterally directed,
and tapered to point; dorsal arm straight, truncate,
and extending across point of ventral arm; third
pointed process projecting below venlral arm.

Larva (fig. 93).—Both pairs of head hairs multi-
ple. Lateral abdominal hairs multiple on first and
second segments and double on thivd to sixth, Comb
with numerous seales in triangular patch. Air tube
gradually tapering, about 5 by 1; pecten with ahout
12 tecth on basal fourth, followed by four pairs of
lair tults, subapical pair laterally out of line.

Distribution, biology, and importance.—
This species develops in largest numbers where
fuman populations provide it with a favorable
environment. It is apparently more widely dis-
tributed in Washington and Oregen than in Idaho
(map 9. The distribution of Culez prpiens pipiens
and C. p. quinquefasciatus Say in North America,
has been studied by Barr (13).

The larvae develop in temporary and permanent
pools, catch basivs, improperly covered cesspools,
and artificial containers. In Oregon large numbers
breed in log ponds. The females commonly enter
houses and usually bite after dark. Reeves and
Hammon (229) found that of 52 wild caught

Flaune 92.—Culex pipiens pipiens male genitalin.
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Fraene 93, - Culer piplens pipicas lntva,

freshly engorged  females  cotlected  at Yakima,
Wash,, 76 porcent had fod on birds and the rest on
horses, cows, or dogs, Niclsen and Rees (204) stated
that in Ttah the females veadily enter dwellings
but rarely attempt to bite. In the Willametio
Valley of Oregon we noted that the species readity
enters homes, where it s probably the most im-
portant nocturnal pest of man. Of the numerous
frexhly engorged mosquitees collected by the junior
author in his home at night, all were C. p. pipiens.
This speetes was veported to he a serious pest in
New Jersey by Bmith (249).

St Louis and western cquine encephalitis were
recovercd from this species in the Yakima Valley,
Wash, (7207, Tt was considered to be the principal
veclor of encephalitis in the 1933 outbreak in St
Louis, Mo,

o po pipiens, O. po quinquefascialus, and ¢ p.
molestus Forskal are very closely related speeies.
Some information indieates that €. p. pipiens feeds
mainly on binds and that €. p. guinquefasciatus
andd Co po molestus will feed on man, animals, and
birds. Autogenous strains of these species have been

reported by several investigators. The C. 7. piplens
complex has been reviewed by several workers such
as King et al. (170) and Mattingly ef al. (158},
Much further work wiil be neeessary in the United
States to clarify the status of this complex group.

Crdex (Culex) restuans Theobald
('wler restuuns Theobald, Monog, Cuhieldne 2: 142, 1901,

Female.—bMesonotum with hairlike golden-brown
sendes, grayish seales around marging, and usually
with puir of pale sealed spots near middle. Abdomen
brown seuled with yellowish-white bands of moderate
width that are continuous with lateral white spots.
Wing seales all dark. Legs dark scaled; under-
surface of femora and tibise pale scaled.

Male genitalia (fig. 94).—Subapical lobe of
basistyle with three rods, a broad leaf, and two stout
setac. Tenth sternite crowned with slender pointed
spines; basal arms stout and moderately curved.
Mesosome plates broad; each plate with long slender
ventral arm, short stout blunt tooth, and short
curved dorsal arm,

Frieuus 94.—Cnulez restuans male genitalin,
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Larva {(fig. 95).—Upper and lTower head hairs
multiple, Lateral abdominal hairs double on first
and second segments and single on third o sixth.
{omb with many seales in patch, Air tube about
415 by 1; peeten teeth on basal third, followed by
three pairs of irregularly placed long single haies
and distal pair of two or three small hairs,
biology, and
This species is reported from five counties in southern
Idaho by Iarmston and Rees (133) and from
Douglas County, Oreg,, by lHarmston et al. (J32)
tmap ®i. The larvae develop in permanent and
semipermanent  pools, ditches, and artificial eon-
tainers. The preferred hosts have been indicated Lo
be birds and livestoek, but sonwe wuthovs have re-
ported that ib may get into houses and be annoying
1o man. Western equine encephalitis virus has been
ivolnted from this speeies by Norris (20071,

Distribution. importance.---

Cules (Culex) salinarius Coquillett

eder sabivarins Cormiblott, Ent, News 15: 748 1004
Fermaie.— Mesonotum with golden-brown scales,
prescutellar nrea partially pale scaled. Abdomen
dark seaded with narrow or indistinet basal bands of
vellowish seales joined to lateral patches of pale

Faure 35.-—-Cules restunns iarve,

seales. Wing scales all dark. Tegs dark sealed;
undersurface of femora and tibize partially pale
seaded.

Male genitalin (fig. 96).~—Subapical lobe of
basistyle wilth three rods, a broad leaf, and two
setae, Tenth sternite crowned with slender pointed
spines; basal ann long and curved. Mesosome plates
conneetod near base; each plate with bluntly pointed
ventral nrm, group of stvong pointed teeth, and
stout pointed dorsal arm that is bend at right angles
at middle.

Larva (g 97).—Upper and lower head hairs
multiple, Lateral sbdominal hairs triple on first
and second sogments and double on third fo sixth,
Comb usually with 65 or more seales in pateh. Air
tube § to 7 by 1; peeten tecth on basal {ourth, foi-
lowed by four or five pairs of tufts, subapical palr
ont of line.

Frguns 96.—Culer salinarins male genitniia.
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Iauwe D7, -Culer salinarius larva,

Distribution, bislogy, and importanee,—
This species has been collected in Lhree counties in
southern Linho (f33) {map 8). The larvae are
reporled o develop in a wide variely of different
environments, including grassy pools, ditches, and
marshes, and have also oceasionally been found in
batrels. Nielsen and Rees (2051 stated that the fe-
males bite readily and may enter dwellings but are
not an important, pest in Ulah.

Calex (Culex) tarsalis CequilleLt
Culer tarsalis Coquilictt, Canad. 1Ent, 2543 1800,

Female.—Proboscis ringed with white. Tor
with Inner swifaces and basal segment of Hogellum
with ventral surface bearing many white scales,
Mesonotum dark brown with white seales around
marging and two narrow white lines extending pos-
teriorly from mwedian white spots. Abdomen black
with basal segmenial white bands; venter with pale
sendes, each segment markoed with dark-seaied v,
apex anteriorly dirceted, Wing scales dark with some
white scales on costal veing, Legs black; femora and
tibine with line of white scales on sides; tarsi with

ring of while scales al both ends of all segments
except first one or bwo on front and middle leps.

Male genitalia (fig, 98).—Subapicul iobe of
basistyvle with {wo rods, a seta, & narrow leal, and
a seta. Tenth sternite crowned with short pointed
spines medianly and short broad blunt ones oul-
wardly; basal arm long, stout, and curved, Mesosome
plates each with long ventral arm, several stout
teeth, s long dorsal arm,

Larva {fig. 99).-Both pairs of head hairs mul-
tipie. Lateral abdomingl hairs triple on first o sixth
segments. Comb with numerous seales in triangulur
pateh. Alr tube slender and ubout, 5 by I; peclen on
basal third, followed by five pairs of tufts usuaily
inserted in straight line; distal tufts out of line in
some specimens (/87).

Distribution, biology, and importance.—
This is one of the most important and widespread
speeies in the Northwest (map 9, The lurvae de-
velop in many types of permanent and semiperima-
nent water such as log ponds, ditches, and mnar-
shes. Other important breeding places are pools
formed by floodwaters and irrigation. This specics
has been found in all counties in Oregan and In
nearly all counties in Washington and Idaho. In
Utah it has been found at elevations up to 9,000

Feunre 98, ~—Culer larsalis male genitalin,
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Pravue G0, ~Cuder fnrsalis Inrea,

foct (205). The adults seck shelter during the day-
time. fn the Ceatral Valley n California the adults
rernain in resting shelters from 8§ aan. until sunset
(fi2y.

The preforred hosts arve domestic and wild birds,
but this speeies will bite man, Hvestock, and other
animal species (203}, It will feed on rodents, snakes,
and frogs when these ave restrained (740). This
species seldom bites man during daylight but will
readily attack soon after sundown (24, 112y, Auto-
genous strains of Culer tarsalis were first, reported
by Bellamy and Kardos (28) and by Chao (60).
An sutogenous colony in our laboratory has been
reared for many generafions ou o swgar- vater diet.
Hibernating females have been found in late winter
in storage collavs (139), in rock piles (238), under
rocks on rock-covered hillsides (184}, and in aban-
doned mines 184) or caves {2/ 8).

This species s the most important known vector
of wostern equine encephalitis (WEE) and St
Louis encephalitis (SLE). California encephalitis
virus has also been isolated from it Blackmore and
Dow (34) suggested that it is unlikely it, is a winter
reservolr of encephalitis virus since less than 0.3
pereent of the hibernating females recovered by
themn had taken a hlood meal. Ilowoever, Bellamy
et al. (30) showed experimental overwintering of
SLIE virus in this species. Rush ot al. (240) found
no WEE virus in large populations of winter coughb
adulls. They also reported thab it is uniikely the
virus overwintors in this species. Studies by Bellamy
and Reeves (29} in Bakershield, Calif., showed that
a dinpause, which they believed to be caused by a
decrensing period of daylight, results in an almost
complete cessation of bload feeding from Qclober
to January.

Considerable information on  the flicht and
dispersal habits of this species has been obtained by
Reeves (227) and Bailey ot al. (11). Although the
maximuim flight distance recorded by these workers
was 15.75 miles, they stated “offective numbers of
C. tarselis disperse 2 and 3 miles downwind in one
evening and signifieant nunmbers can travel 7 miles or
more in two covenings, with the aid of the wind.”
They estimated a likely dispersal of 20-25 miles
i the Sacramento Valley of California. In studies
on the dispersal of adults into an arca undergoing
larvicide treatments the maxinnun recovery distance
was 0.6 miles (83},

Culex (Neoculex) territans Walker

Culor lerrituns Walker, Tnsecta Saundersinng, Diptera 1:
28, 1850,
Culex apicults of authors, not Adnms,

Female.—Qcciput with narrow eurved  white
to golden seales and brown forked scales dorsally.
Mesonotum brown scaled with pale seales sround
margins and pair of pale spots near middle. Abdo-
men  dark scaled apically with segmental white
bands. Wings dark sealed. Legs dark scaled; hind
femora with pale posterior stripe extending to apex.

Male genitalia (fig. 100).—Subapical lobe of
basistyle with two rods and about five spines. Tenth
sternite crowned with row of short blunt spincs.
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Frovws 100, ~"wer territans mate genttalia,

Mesosome  halves forming relatively even cbiong
outline, terminating apicaily in rounded serrated
murgin; halves joined by sclerotized band near
apex.,

Larva (fig. 101).—FHead hairs single or double.
Lateral abdominal hairs multiple on first and second
segments and double on third to sixth. Abdominal
segments usually evenly pigmented or segment 4
meay be pale in some specimens. Comb with nu-
merous seales in trinngular patch. Air tube about
6ty by 1; pecten teeth on basal third ustally fol-
lowed by five pairs of tuf ts, first tuft occasionally
within pecten,

Distribution, biology, and importance.—
This species is well distributed in the Noerthwestern

States but occurs only in small numbers {map 8},
In California Freecborn and Rohart (86) recorded
this species from the northern counties. The larvae
are found in swampy areas or in other permanent
or semipermanent pools containing considerable
aquatic or nonaquatic vegetation. They also occur
along the grassy margias of streams. These popula-
tions may include boib €utex territans and C. boharti,
The females have bren observed to feed on frogs
and snakes but are not known to bite man. Little
is known about the economie importance of the
speocics,

Figure 101.—Culex terriinns larve,
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Genus CULISETA Felt

Keys to Species

ADULTS
1. Femorn with distinet preapiesl white rings parliceps, p, 84
Femorn without white rings. . . 2
2, Miernopleuron wilh seales extending to anterior border; tor with while senles . 3
Sternopleuron with senles not extending Lo anterior border; tor withuut white seales. . . 4

3. Wing seales bloack with dense putelies of dark seales

Wing senles brown with admisture of white seales on anlerior veios
{. "Tarsi with pale white rings at both ends of tarsal joints; wings witheut spots

Tarsi without white rings; wings with faint spots

inciens, p. 8l
froraata, p. 84
winnesatae, p. §t
impatiens, pp. 80

MALE GENITALIA

1. Apical lobe nhsent ...
Apienl lobe presenl

¢ Lobes of ninth tergite with short Lroad spines
lLobes of ninth lergite with rather fonp setae

4. Liighth Lergite with row of 20 te 40 short spines on basal marging basal lehe large with single spinelike seta andl

severnd smaller ones .

{nornata, p. 83
minneselue, .8

- _ fmpuatiens. p. 80

Fighth tergite with less than 12 gpines on basal marging hasal lobe with two or three spines... 4

A4, Lighth tergite with none to three gpines at venter of busal margin
Fighth Lergite with five to 10 spines nt center of husal margin . .-

parliceps, p. S
_ incidens, p. 8l

LARYVARB

L Air tube with nermal pecten teeth on hasal fourth not followed by long hairs

minnesotae, p. 5t

Air tube with normal peeten teeth near buse followedl by sories of long hairs extending heyond middle . 2

2. Upper and lower head hairs about equal in length and number
U pper head hairs shorter and more numerous than lower.. .. ... . . .

4. Laterad haies of anal segment stout and as long or longer than segment . . .. . ingrnata, p. 83
Lateral hairs of anad segment fine and sherter than segment. . A . .

4. Postelypeal hairs ahout as long a3 hend hairs; pesterior margin of anal plate with short spicules at apex
Postelypeal hend hairs shorter and more delicate than head hairs; anad plate without spicnles

Descriplions of Species

Culiseta (Culiseta) impatiens {(Walker)

Culer impatiens Walker, List of Dipterons [nsects in 3rit.
Mus., v. bLopo3o 8IS,

Female.—Tori without white scales. Mesonobun
with brown and yellowish seales, two fine pale lines
extendling posteriorly from median pale patehes, and
vuriable pattern of other pale scales. Sternopleuron
without white scales at anterior edge. Abdomen
black with basal segmental white bands. Wing
scales brown and aggregated to form faint spots ab
forks of second and fourth veins and bases of second
and third veins. Legs dark brown; femora white
tipped.

. S o impatiens, p. 80
. . . . 3
t

particeps, . 84
. incidens, p. 8L

Male genitalia (fg. 102).—Basistyle stout,
conical, about twice as long as wide; apical lobe a
small slightly clevated chitinized area with long
setac; basal lobe large and conical in outline, apex
rounded with one large spinelike seta and several
amaller ones. Lobes on ninth tergite only slightly
separated and cach bearing about 10 long sctoe.
Gighth tergite with row of 20 to 40 short stout
spines on basal margin.

Larva (fig. 103).— Both pairs of head hairs
multiple and long. Lateral abdominal hairs multiple
on first to fifth segment and double on sixth, Comb
with numerous scales in triangular patch. Air tube
stout, 2 by 1; pecten of eight to nine teeth on basal
fourth, followed by long hairs that nearly reach
apex of tube; paired tuits jarge and arising close
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Fravrk 102, -Culisetn tepadicng nule genitalin,

to base Lbetwnen rows of pecien. Anal segment ringed
by piate; gilis bluntly pointed and longer than
segnent,

Distribution, biology, and imporiance.—
"This species has been found in small numbers in the
timbered scctions of Oregon and Washington and
in two counties in Idaho (map 10). The larvae have
been taken in roadside ditches, holes left from fallen
or uprooted trees, margins of beaver-dam  [akes,
wheel ruts in logging roads, and other small peois
with bordering brush or trees, The females will bite
man bub are seldom present in sufficient uumbers to
be of importance,

Culiseta (Culiseta) incidens Thomseon

Cutisela  incidens Thomson, Kongliga Svenska Eugenies
Resa 6, Diprera; 433, 1868,

Female.—Tari  white scaled. Flagellum  with
first seginent white sealed ventrally. Mesonotum
with dark-brown seales and mixture of yellowish
seales sc7:e of which form partial longitudinal {ines

or spots. Sternopleuron with scales extending to an-
terior edge. Abdomen black with basal segmental
white bands. Wing seales dark, aggregated into
patehes on fork and base of second wvein, fork of
fourth vein, upper fork of fifth, and middle of sixth
veins, Legs dark brown with narrow faint white
rings on bases of some tarsal segments; femorn and
tibia with narrow white rings at their apices.

Male genitalia (fig, 104).—Basistyle more than
twice as long as wide; apicsl lobe a small clevated

Froure 103.—Culiseta impatiens larva.
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Flauns 104 —Culisete incidens male genitakia.

area with a nurmber of small setac and a long spine;
basal lobe small and conical with small setae, apex
with $wo stout spines. Lobes of ninth tergite slightly
separated, cach bearing five to eight rather long
setae. Bighth tergite with five to 10 spines on basal
margin.

Larva {fg. 105).—Both pairs of head hairs mul-
tiple; lower tufts longer than upper. Lateral ab-
dominal hairs maléiple on first and second segments
and double on third to sixth. Air tube stout, about
2 by 1; pecten with few basal teeth that have one
or two minute denticles; teeth { ollowed by long hairs
to apical third of tube; paired multiple tuft inserted
near base between rows of peeten. Anal segment
ringed by plate; lateral hair shorter than segment;
gills slightly longer than segroent.

Distribution, biclogy, and imporlance.—
This species is widely distributed at lower elevations

Froune 105, —Culiseta incidens larva.

in the Northwestern States (map 10). The largest
numbers oceur in Washington and Oregon west of
the Cascade Mountains, but it is common also in
Tdaho. The larvae breed in both permanent and
semipermanent pools and in artificial containers.
They are often associated with Culisela inornaia
and Culex tarsalis. Only the females hibernate. They
will readily attack man but are not considered im-
portant as a pest beeause of their small numbers
and breeding habits. The species has been reported
as favoring mammals for blood meals, although it
is seldom abundant enough to be a pest of livestock.
It has been infected experimentally with western
equine, St. Louis, and Japancse B encephalitis
viruses.
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Culiseta (Culiseta) inornata (Williston }

Crlex {nornatus Williston, U.8. Dept. Agr., Div. Grnith, und
Mummals, N, Amer. Fauna 7: 253, 1893,

Female.—Tori with white seales, Mesonotum
with mixture of brown and yellowish scales, usually
with two fine pale median posterior half lines and
pale obseure longitudinal stripes. Sternopleuron with
seales extending to anterior edge. Abdomen black
with broad basal segmental bunds widening at
sides, last sopment entirely pale scaled. Wing seales
dark brown with mixture of pale seales on anterior
veins. Legs with mixtwre of brown and pale seales.

Male genitalin {fig. 106).—Basistyle stout
conienl, less than twice ag long as wide; apical lobe
absent or fuintly indicated; basal lobe conical and
prominent with two or three spines on apex and
smell setac on sides. Lobes of niuth tergite broad

Fiaune 106.—Culiseta inornata male genitalia.

rounded projections with 10 to 14 short thick spines.
Eighth tergite without row of spines on basal mar-
£in.

Larva (fig. 107) —Both pairs of head hairs mul-
tiple; uppers usually slightly shorter with about
seven to nine evenly sized hairs; lowers with three
to five hairs, inner ones larger. Lateral abdominal
hairs multiple on first and second segments and
double on third to sixth. Comb with muny scales
in pateh; cach seale rounded and evenly fringed
apically. Air tube 3 by 1; peeten of 10 to 18 stout
teeth, followed by long hairs that extend nearly to
apex of tube; paired tuft large and arising from base
of tube between rows of pecten. Anal segment ringed
by piate; gills longer than segment with tips rounded.

Distribution, hiology, aud importance.—
This species is rather widely distributed (map 10).
Tt ocecurs in largest numbers in poorly drained ir-
rigated arcus. However, it has been collected in
almost every type of semipermanent and permanent
water. The larvae are often found with those of
Anopheles freeborni and Cule larsalis. It is also
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Fiaurr 107 —Culisela inornata larva.
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found in shaded pools in forests at elevations up to
6,000 feet. Tt is not 2 serious pest of man but can
beecome a pest of livestoek because of its long
breeding season and wide distribution in irrigated
wroas. The females hibernate, and Rees (222) be-
leved that some krvae may overwinfer, since they
sre very resistant to low temperatures. Western
equine encephalitis has been isolated from  this
gpecies in nature. Experimentally the species has
been shown to transmib St. Louls and Japancse B
encephalitis viruses,

Creliseta (Culicella) minnesotae Bari

Culinef minnesolae Barr, Wash, Ent. Sor. P'roe. 890 163,
19457,

Female.~—Mosonotum integument  brown with
pair of reddish-brown nearly bave stripes, two stripes
sepurated by narrew stripe of darker brown; seales
fine, narrow, reddish brown exeept for paiv of silvery-
white spots back of middie and pair ol postierior
silvery-white hall Tines that enclose additional
seabtored white scales. Abdomen brown scaled with
scattered yellowish-white seales most beavily con-
contrafed along apices amd bases of segment. Wing
seales dark with pale seales on base of costa. legs
dark: faint white rings at both ends of first, seeond,
and third tarsal segments and oceasionally with
rings on other segments.

Male genitalin (fig. 108) —DBasistyle conical,
more than twice as long as wide; apical lobe absent;
basal lobe prominent and eonical with three to five
spines on apex and snall setac on sides. Lobes of
ninth tergite with broad projections, each with six
to 12 slender sctae. Mesosome sides rising in neatly
straight line to rather square dark shoulders, which
terminate into slightly higher point centrally. (In
Culisete morstlans (Theobald) the mesosome is
funnel shaped and not dark terininally.) Tighth
tergite with group of small spincs centrally on basal
nmargin.

Larva (fig. 109).—Upper head hairs multiple,
usually five- to eight-branched (range 5-11}; lower
double or triple. Postantennal tuft usually nine- to
12-branched (range 8-14). Lateral abdominal hairs
multiple on first and sccond scgments and single
on third to sixth. Clomb with numerous scales. Alr
tube about 7 by 1; pecten of aboub six to 13 tecth
on basal fourth: small paired tuft at base betwecn
rows of pecten; tufts in ventral brush usually 17 to

Fraure 108.—Culiscta minnesolac male genitalia.

18 (range 16-19). Anal segment ringed by plate;
gills about same length as plate.

Distribution, biology, and importance.—
This rare species has been found in small numbers in
Washington and Oregon and two counties in Idaho
(map 10). The larvae have heen collected from
unshaded pools with scattered grass fed by fresh
water. Although little is known of the feeding habits
of the adults, they apparently do not readily attack
man.

Culiseta (Culiseta) particeps {Adams)

Culisete particeps Adnms, Kans. Univ. Sci. Bul. 2, p. 26.
1903.

Culisete macerackenae Dyar and Knab, Wash. Biol. Boc.
Proc. 19: 134, 1906.

Culiseln particeps (Adams}), Stone, Kans. Ent. Soc. Jour.
31: 236, 1958,
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Female.—Mesonotum  dark  brown with light-
brown median stripe and nsrrow white posterior
hall lines; sides, anterior margin, and margins of
anteseutellar space with misture of white scales.
Abdomen black with basal segmental white bands
and fow seattered white seales. Wing seales dark
with few pale scales on costal veins, dark seales
forming spots ut base of second, forks of second and
fourth, upper fork of fifth, and on cross veins, Legs
dark sealed; femora pale sealed on underside with
preapieal pale ring; tarsi with broad white rings,
narrower on distal segments and usually absent on
fifth segment of front and middle tarsi.

Maule genitalia {fiz. 110) . —-Basistyle about three
times as long s wide: apical lobe a small elevated
area with numbey of long setae; basal lobe small ancl
conteal with many small setae, apox with two or
three stout spines. Lobes of ninth tergite slightly
mised areas with many fong setac. Righth tergite
with none to three spines ab center of basal margin,

Larva (fig. 111).—Both pairs of head hairs mul-
tiple; lower with about three tong hairs, upper more
numerous. Postelypeal hair three- to five-branched
and about as long as head hairs, Comb with many
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Picore 109.-—uliselg minnesoiae larvn,

Mquee 110.—Culiseln parficeps malke genitalia,

scales in pateh. Air tube steut, about 2 by 1; pecten
with few basal teeth, {ollowed by long hairs that
extend nearly to apex of tube; paired tufts near
base of tube between rows of pecten. Anal segment
ringed by plate with small pateh of short spicules
near apex; lateral hair shorter than segment; gills
slightly longer than segment,

Distribution, biology, and importance.—
This species is rare in the Northwest {map 10). The
single collection from Washington was represented
by larvae taken at Port Townsend, Jefferson County,
by Myklebust (199) in J uly 1961. In southwestern
Oregon collections the larvae were associated with
larvae of Culiseta incidens and Culex lerrilans in
pools overgrown with vegetation. Little is known of
the feeding habits or cconomic importance of the
adults.
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Frgune 11— ulisele purticeps larvi.

Genus COQUILLETTIDIA Dyar
Description of Species

Coquillettidia perturbans (Walker)

Cadex periurbans Walker, Insecta Snundersinna, Diplera 1:

98, 1850,
Mansonia perlurbans {(Walker), Mosquitoes M. Amern, p
106, 1855

Female.—Mesonotum with narrow curved pale-
yellow scales with or without two faint silvery
tongitudinal lines. Abdomen black with narrow basal
segmental white band, sometimes lacking medianly
or consisting of scattered black and white seales on
last few scgments. Wing scales broad, black and
white intermixed. Logs dark with mixture of white
scales; hind tibine with preapics]l pale ring; first
segments of all tarsi with narrow basal white rings
and broad median white ring; all other tarsal seg-
ments with basal half white scaled. :

Male genitalia (fig. 112).—Basistyle about 14
times as long as wide; apical lobe absent; basal lobe

U.5. DEPT. OF AGRICULTURE

a trinngular raised median section terminating in
stout eylindrical blunt rod. Dististyle flattened and
broadly expanded beyond middle, apex with shor{
stout claw.

Larva {fig. 113).—Antennae long and slender
with Targe tuft beyond middle and short pair of hairs
not far beyond tuft. Dorsal head hairs in multiple

Fiooue 112 Caquillettidia perturbans male genitalia,
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Fravee 113, —¢ ‘oquillettitn perturbang larva,

groups. Comb with 10 to 25 scales in single row,
some scales out of tine. Air tube short, broad at
base, attenunted apically, and fitted for piereing;
stout spine, single stout hair, and multiple tuft
near middle. Anal segment much longer than wide,
ringed by plate; multiple lateral tuft before apical
margin; anal gills slender and shorter than segment.

Distribution, biology, and importance.—
Although this species has been collected in all three
States, it does not oecur in large numbers (map 6).
The eggs are laid in rafts in swamps, marshes, or
iog ponds containing eattails, sedges, or other
suitable host plants. The eges hatch in 4 or 5 days,
and the small larvee attach themselves to the roots
ot stems of the plants by means of the modified tip
of their air tube, which is inserted into the oot to
provide air. The pupa also attaches itsclf to plants
by theans of modified air tubes. [t comes to the
surface when the adult is ready to emerge, The

species usually overwinters in the larval stage and
there is apparently only one generation cach year
even as far south as Florida (31). Adults have been
collected from carly June to September in Douglas
County, Oreg., by Harmston ot al. (132} but were
most numercus in June and July. The adults
veadily bite man and anitmals, but in most arcus
they do not oceur in large enough numbers to be o
serious pest, Howitl ot al (148) showed that this
species may transmit eastern cquine encephalitis
in nature,

Genus ORTHOPODOM YIA Theobald
Description of Species

Orthopodomyia signifera {CoquilleLt)

Culer signifera Conuillett, Canad, nt, 28: 43, 1896,
Orthopedomyia  ealifornica. Bohart, Eni. Soe. Amer. Ann,
43: 390, 1950,

Female.—Mesonotum brown scaled with narrow
paired central white lines, half lines converging aver
soutellum, and narrow white line around lateral
margin. Sides of thorax with lines and patches of
white scales. Lower sternopleurai bristlos usuzaily
four to 10. Abdomen dark sealed with narrow partial
or complete basal white bands. Wing with inter-
mingled white and dark seales. Legs mostly dark
sealed; white seales on femara and tibin; front tarsi
mostly dark scaled, middle tarsi with narrow apical
and basal white rings on first and second segments,
and hind tarsi with broad apical and basal white
rings on all segments.

Male genitalia (fig, 114) —Basistyle about
three times as long as wide; claw of dististyle with
many small teeth; apical lobe absent; basal lobe
conical with few large spines apteally and smaller
setac subapically. Tenth sternite heavily selerotized
with several apieal tecth. Ninth tergite with few
setac and no lobes.

Larva (fig. 115).—Upper and lower head hairs
multiple. Lateral abdominal bairs multiple on first
and second segments. Comb of cighth segment in
double row of about 15 to 25 scales. Air tube about
2.5 to 3.5 by 1; pecten absent; ventral tuft barbed,
five- to 12-branched, inserted near middle of air
tube, individual hairs ranging from 1.7 to 2.3 times
as long as section of air tube extending beyond
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Werns V1o Orthppadomyia signifera ke sonitalin

point of insertion of tuft. Anal segment ringed by
plate; small plate ab base of segment; lateral hair
single or double and shorter than plate.
Distribution, biology, and importance.=
In the Northwostern Stakes this species has been
collected only from waler in n hollow oak tree In
Benton County, Ureg., where it was assoctated

Froure 115.-—Orthapodnnyta sigwifera larva.

with Aedes sierrensis {(map 8). 1t ocours in tree holes
in several kinds of trees and also oscasionally in
wooden containers (67, 226). The females will take
blood maals from several speeics of birds but will
not bite man (283). The larvac survive the winter
in the Southern States bub may be destroyed by
freezing in northern elimates.
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Mar 1.—Distribution of various  nopheles specics in the Northwestern United States.
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Map 3.——Distribution of various Aedes speeies in the Northwestern United States.
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Map 7.— Distribution of various Aedes species in the Northwestern United States.
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(Valid mosquito species names in roman type; synonyins, genera, and species not occuiring in the North-
western States in italic. Figures in boldface type refer to the main reference for the genus or species.)
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increpitus. 1, 2, 16, 34, 33, 38, 84, 52, 53, 101 Celiosolve, 13, 14
intrudens, 2, 34, 35, 36, 43, 33, 54, 105 Chaoboridue, 10
fateralis, 03 Chioral pum arabie, 14
tewconolips, 4%, 39 Chioroform, 11, i3
melsnimon. 1, 2, 8, 16, 33, 85, 37, 44, 58, 53, 104 Ciitronelln oil, 24
maontticoln, G2 Clove oil, 13
nigromaculis, 2, 16, 24, 33, 3%, 55, 36, 102 Cochliomyia hominivoraz, 22
niphadupsis, 2, 34, 35, 36, 36, 57, 105 Coelomomyees, 10
pearyl, 40 Coquillettidin, 3, 6, 7, 11, 20, 86
pionips, 2, 34, 33, 36, 57, 38, 105 perturbans, 2, 6, 7, 18, 86, 87, 105
pullutus, 2, 34, 33, 36, 43, 58, 3%, 103 Culex, 5, 7, 8, 10, 11, 12,18, 22, 24, 29, 69
punctor, 2. 34, 33, 36, 59, 60, 106 apientis, 2, 69, 70, 71, 78, 107
sehizapinax, 2, 34, 35, 36, 60, 61, 106 hohurli, 2, 69, 70, 71, 72, 79, 107
sterrensis. 2. 3, S, 16, 18, 33, 353, 36, 61, G2, 88, 104 erythrothorax, 2, §, 69, 70, 72, 13, 107
gpencerii idahoensis, 2, 34, 35, 36, 62, 43, 104 Jatigans, 22
sticticus, £, 2, 7, 8, 13, 16, 34, 35, 36, 62, 63, 64, 67, 64, 102 nigripafpus, S
stimulans, 2, 34, 35, 36, 64, 85, 106 peus, 2, 16, 23, 64, 70, 73, 74, 108
taeniorhynchus, 8, 21, 24 pipiens molestus, 75
teichurus, 2, 31, 33, 63, 66, 105 pipiens piplens, 1, 2, 8, 9, 16, 18, 22, 23, 69, 70, 74, 75, 108
triseriatus, 48, 49 pipiens quinquefasciatus, 74, 15
trivitlatus, 2, 4, 35, 36, 66, 67, 106 restuans, 2, 69, 70, 75, 76, 107
varipalpus, 61, 62 salinarius, 2, 69, 70, 76, 77, 107
venirovitiis, 2, 34, 35, 36, 67, 68, 105 stigmatosoma, T3
voxuns, 1, 2, 7. 8, 0, 15, 16, 33, 34, 36, 64, 68, 102 tarsalis, 2, 7, 8, 12, 16, 18, 23, 24, 30, 89, 70, 77, T8, 82, 83,
Alnnine, 22 108
Aleohol, 13, 14 territans, 2, 69, 70, 72, 78, 79, 85, 107
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Culiseta, 5, 7, 8, L1, 29, 80 Maiathion, 19, 21, 23, 24
tmprtiens, 2, 80, 81, 100 Megarhinus, 10
incidens, 2, 10, 18, 72, 80, 81, 82, 83, 104 Mesoeyelops absoletus, 10
inornaty, 2, 7, 8, 16, 22, 36, 80, 82, 83, 199 Methyl paenthion, 24
mornutus, 83 Microsporiding, 10
minnesotae, 2, 80, 84, 83, 100 Mosguite fish, 9
morsituns, Sl Myxomatosis, &
parliceps, 2, 88, 84, 85, 86, 100

Naled, 19, 21

Nuphthalene, 13

Nosemutidne, 10

BIYT, 18, 19, 20, 21, 23, 94
Plengue, 9, (8

Digphane, 14

Diszinon, 19

Pehlorvos, 14, 19
Dricldrin, 18, 2.3, 24

{Desel wil, 21

N, N-Diethyl-m-toluanide, 24
Pimethyl phibalate, 24
Prioxane, 13

Dirofilarin immitis, 9
Dursban, 19, 24

Obls, 14
codar wond, 14
citronelln, 24
clave, 14
tiesel, 21
fuet, 21
wintergreen, 14
Urthopodomyia, 28, 87
cafifornica, 87
signifern, 2, 18, §7, 88, 107
Encephalitis, 2, 8 9, 10, 31, 44, 36, 61, 49, 74, 75, 76, 78, 52,
RO
WPN, M
-Bithyl-1, 3-hexanediol, 24, 25
Kucorethrs underwoudi, 10
Buparn!, 14

Prradiehlorobonzene, 13
Parathion, 19, 24
Phenel, 14

Pheromones, 7
Palyviny! nlcohol, 14
Potnssinm hydroxide, 14
Fenthion, 19, 21 Psuraphora, 6, B
Filarnaiz, § eilfada, §, 0

Fowl pox, 9 howardii, B

IPuel il 24 Pyrelhrins, 19, 21

Guunbusm aflias, 9, 14 Rabhit myxomatosis, &
Glieral acetic aeid, 13 Rift Yalley fover, &
Glyeorm, 13 Rounel, t4
{Frabhamin, 62
Serewworm, 22
tHenriwornm, 1 Bodium hyvdroxide, 14
Hepatilis, 0 TDRDELDDDY, 19
tHepiachlor, 13, 23, 24 Thanite, 14
tHouse fy, 22 Thelohaniy, 10
Toxuphene, 24
KAAD formuly, 13, 14 n"omra‘a‘ym‘r‘m‘c‘s, 10
freripalpus, 10

Rerosene, 13
Tularemia, 9

t-Laetze aeud, 22
Lactophenol, 14
Lankesteria eulieis, 10
Lethane, 14 Wintergreen oil, 14
Light traps, 12 Wuchereria, §
Lincdane, 13, 16, 21, 2t

Lysine, 22 Nylene, 14

Viricudarin, 10

Maluise trap, 12 Yellow faver, 9, 10
Madnrin, 8, 31, 33
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