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lntroduction
Throughout Canada mosquitoes are familiar to everyone as biting
In addition to their importance as a nuisance, a few species occasionally create problems out of all proportion to their numbers by transmitting
disease organisms. Such pests have been the reason for costly abatement
programs. At times, Canada seems to have been afflicted with a greater
than average share of mosquitoes. Though the number of species (so far, 74
have been found) is not particularly large compared with the fauna of
tropical countries, mosquitoes are often exceptionally numerous, and almost
every part of the country experiences periodic outbreaks of one species or
pests.

another.

An important step in successful mosquito abatement, as in dealing with
any pest problem, is the correct identification of the offending species.
Entomological history contains many examples of wasted money and effort
because some similar but innocent species was mistaken for the pest species.
Some of the most abundant widespread species of mosquitoes exhibit
variation in color, and even in structure, across their ranges. This intraspecific variation along with extreme similarity of closely related species.
especially among some Aedes and Culex, makes correct identification
difficult, particularly of adult females. In difficult cases, adults reared from
previously identified larvae can be named with much greater assurance than
either larvae or adults identified separately. For example, adult females of
Aedes euedes,fitchii, and mercurator are extremely similar, as are adults of
both sexes of Aedes aboriginis and punctor, although their larvae are readily
distinguishable. However, the larvae of Aedes cornmunis, implicatus, and
stimulans are not readily separable, although the adults are more easily
distinguished.

This publication has been prepared for the identification of adults and
fully grown larvae. Although eggs, early instar larvae, and pupae of most
North American species are known, they are less easily identified than
adults and mature larvae. Also, sufficient material for every species and
enough experience to offer identification aids for these early stages are
lacking. Rearing eggs and pupae to larvae and adults is probably easier and
less time consuming than attempting to identifiy them in their early stages.

In this publication, the keys to the larvae differ

somewhat

from

the

traditional approach, because they are specifically designed for identifying
whole specimens in fluid, either alive or preserved, with the aid of a
dissecting microscope. The identification of living larvae can be confirmed
by rearing them to the adult stage.

Eggs of many species of Aedes have been illustrated by Kalpage and
Brust (1968). For the identification of first-instar larvae the reader is
referred to Bohart (1954), Price (1960), and Dodge (1966); for second and
third instars to Dodge (1963) and Smith (1969a); and for pupae to Penn
(1949) and Darsie (1949,1951, 1955, 1957).
The following keys describe the usual, or "normal," condition based on
a series of each species in the Canadian National Collection. However, every
structural character in both adults and larvae shows some individual or
regional variation; in most cases this variation has not been described in the
literature. Such variations are usually minor, but the examination of enough
specimens of any species usually shows a few individuals whose taxonomic
characters do not conform to those used in the keys. These specimens, which
can best be identified by direct comparison with more typical specimens, are
most likely aberrant individuals of species already recorded from Canada,
but they could also belong to species known from the northern United States
that have not yet been discovered in Canada. These latter species, which are

listed in a later chapter, can be identified by referring to Carpenter and
LaCasse (1955). This standard work has been brought up to date by a series

of three supplements (Carpenter 1968, 1970b, 1974) and a summary of
taxonomic changes (Darsie
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3, 1978).

When a specimen has been keyed out, it should be compared with the
description of that species. The descriptions contain more information than
can be included in the key and are therefore provided as a cross-check. The
descriptions of the adults follow a standard format. The larval descriptions

are abbreviated to include only those characters that, taken together,
characterize a particular species; more complete information on larval
characters is summarized in Table 3 (foldout).

Generalizations have been necessary in the keys and in the descriptions
of species as well as in the presentation of biological information. A given
species may behave predictably for many years, but then it "breaks the
rules" as a result of some unusual set of environmental circumstances. Some
of the common widespread species may be complexes of more than one
species, not yet separable by external structures, but having different habits
or behavior. Widespread species also encounter differing environmental
conditions across Canada, and as a result they may behave differently in
different parts of the country. The amount of literature on mosquitoes is
enormous, and some reports are even contradictory, which makes generalizations hazardous.

General biologY
Life cycle
The mosquito, as in most other flies, passes through seven stages during
its life cycle: the egg, the four successively larger larval instars, the pupa,
and the adult. Most Canadian species of mosquitoes complete only one
generation each year; others complete two or more.

Egg. Depending on the species to which they belong eggs are laid
either on water or on moist soil, such as along the margins of ponds and
marshes where water is likely to collect or in roadside ditches where
snowmelt or excess rainwater will eventually accumulate to form temporary
pools. In order to hatch, eggs must be in contact with standing water,
ilthougtr those of some species can survive in dry soil for several years
before hatching. Although some species may deposit several hundred eggs,
natural selection works against the progeny of females that broadcast their
eggs randomly. Little is known about the oviposition sites chosen by each
species. The iites determine where larvae will develop, and the weather
lirgely determines when and whether they will develop successfully'

Embryonic development begins immediately after oviposition in all
species, but in the case of floodwater mosquitoes, hatching does not take
place until an adequately long period of cold or dryness has passed. Eggs
that have ceased development during adverse conditions of drought or cold
are said to be in diapause. There are two types of hatching stimuli: oxygen
concentration and temperature. The species whose eggs hatch in early spring
respond to decreasing oxygen tension as bacteria begin to multiply around
them, whereas eggs of species hatching in late spring and summer are
stimulated to hatch by higher water temperatures, and hatching may take
place soon after eggs have been reflooded (see "Overwintering Stage," p.
12\.

Larva. The first-instar larva is usually 1-2 mm long, but it may be 4
mm in the largest species. It is always recognizable by its egg burster, a
pointed conical protuberance on the top of its head. The fourth, or last,
iarval instar is Z-t5 mm long. Differences among instars are described in a
subsequent section, "Anatomy." Except for the two predatory species
Toxoihynchites rutilus and Psorophora ciliata that seize their prey with
their sharply toothed mandibles, all larval stages of all species feed on
detritus, aigae, and other microorganisms, which they strain .out of the
water. The- larvae of some species feed mainly at or near the surface,

whereas others feed mainly at or near the bottom, although most species are
adaptable enough to feed wherever food is plentiful. Thui Anopheies larvae,

which are highly adapted for surface feeding, take food from the bottom
when. necessary. Low-protein diets produce stunted adults, whereas highprotein diets tend to produce larger and longer lived adults. However, no
diets have been discovered that produce adultJappreciably larger than those

that develop under natural conditions.

The mouthparts of

mosquito larvae are among the most elaborately
9v9lv9d of any insect mouthparts. Food particles are gathered by a pair oi
labral brushes, each of which is a large bundle of long iurved setal arianged
in closely packed rows on the underside of the labrum. The labral brushes
open by internal blood pressure and are closed by two pairs of large muscles.
-per

The. brushes open and close rapidly, several iimes
r."onJ, and this
motion generates a current of water that helps to bring more particles into
range and may also move the larva slowly over the substrite. At each
closing of the brushes, food particles that have become entrapped by the
setae are combed out by a row of stiff parallel setae along the cuived dorsal
edge of each mandible. As the mandible opens, particles ire combed from it
by.backwardly projecting hairs on the midventral region of the labrum,
assisted by the maxillae. Finally, a bundle of setae at the base of the
mandible scrapes the food from the midventral labral region into the
pharynx. This complex maneuver, in which the mandible plais a dual role
by merely opening and closing, is not restricted to mosquitoes but is
characteristic of the larvae of other related families, notably dixid midges

(Dixidae) and black flies (Simuliidae).

If

particles are too large

to

be

handled in the previously described manner, they may be rasped into smaller
pieces by the labral brushes, whose apices are often saw-tobthed. particles

may also be broken up between the sharp tips
hypostomial teeth (Snodgrass 1959).

of the mandibles and

the

Larvae have no legs, or pseudopods, but they swim by lashing the
abdomen from side to side, a movement from whictr their common name of
"wrigglers" was derived. The ventral brush (Fig. 16), a dense row of long
stiff setae well braced at their bases to prevent them bending from side to
side, serves as a paddle. The long setae of the body, which are so useful

taxonomically, may also be sensory in function. Although respiration in
minute larvae is mainly through the skin, older larvae of iu speiies respire
through a single pair of openings, or spiracles, on the dorsum bf abdominal
segment vIII. In the subfamily Anophelinae the spiracles are flush with the
surface, as in dixid midges and the chaoborid genus Eucorethra, but in all
other_mosquitoes they are elevated at the apex of a conical siphon. Larvae
1e of1e1 seen_ suspended from the surface film by the apex of their siphon.
one of the oldest control methods still widely used is to disrupt the suiface
tension with an oily substance in an attempt to asphyxiate the larvae.
osmoregulation takes place in the rectal wall in two pairs of conical
anal papillae (one pair in wyeomyia) that project from it. These papillae

l0

have often been referred to as

"gills," but they apparently have no respirato-

ry function. The papillae are greatly reduced in size in all the species living
in water that hai i trigh content of dissolved salts, such as coastal salt
marshes or inland alkafi sloughs. The two pairs of papillae are about the
same length, except in seven species of Aedes, namely campestr.is, cantator,
dorsalis,-increpitis, melanimon, schizopinax, and triseriatas, in which the
ventral pair isihorter than the dorsal pair. The ultrastructure of the rectum
and papillae of some brackish water species has been investigated by Phillips
and Meredith (1973).

Pupa. The pupa is somewhat suggestive of a tadpole with its abdomen
dorsoventrally fiatiened and ventrally curled. It swims rapidly downward
and backward, as does a lobster, by scooping water with a pair of paddlelike flanges at the tip of its abdomen. Unless it can anchor itself on the
bottom beneath or among vegetation, it gradually bobs to the surface again'
It breathes atmospheric oxygen through a pair of funnel-shaped "respiratory
trumpets," each of which arises on the anterolateral side of the thorax
behind the head and connects internally to the anterior thoracic spiracles of
the developing adult. When at rest, pupae remain motionless, floating at the
surface. ny tfiis behavior, the pupae of mosquitoes can be distinguished from
the pupae of Chironomidae (especially the subfamily Tanypodinae) and
Chaoboridae (except Eucorethra, whose pupa is very similar to that of the
mosquito), which risemble those of mosquitoes but remain suspended below
the surface until the adult is about to emerge. Pupae of Dixidae leave the
water to rest on emergent vegetation. As in most other aquatic Diptera, the
pupal case of the moiquito ruptures middorsally along the thorax and the
adult e-e.ges into the air, the surface tension of the water preventing it
from getting wet.

Adult. The adult mosquito, especially the female, needs no introduction.

No other fly has a long slender densely scaled proboscis as long as the

thorax, long slender l5-sigmented antennae, and densely scaled wing veins.
has long tufted palpi (Fig. l). with only one exception
The male usually
-Canada,
the antennae of the male have many more and
(l{yeomyia) in
longer setae than those of the female. These setae are believed to serve as
sou-nd receptors, which respond to the frequency of the female's wingbeat
before mating. Males usualy emerge a day or two before females, and they
soon assembli, sometimes in hundreds, at sunset and sunrise in a characteristic hovering flight called the "mating swarm." In spite of some early
controversy, it is now a well-established fact, not only for mosquitoes but for
many other Diptera, that the "swarm" is a device for assembling the sexes
and ihat mating takes place after a female enters the swarm (Downes 1958,
McAlpine and Munroe 1968). Females need to mate only once, early in
their iives, whereas males presumably continue swarming for the rest of
their lives. Therefore, mating is observed usually only during the first few
days after emergence (Frohne and Frohne 1952)'

Before swarming, the long setae of the males' antennae, which are
arranged in whorls on the antennae, are erected by internal blood pressure.
l1

In this state, the antennae are sensitive to the frequency of the female's
wingbeat and presumably they begin to vibrate when shc approaches. The
frequencies may differ among species, which may assist in spicific recognition. The location of the swarm in relation to surroundine landmarki is
important in maintaining conspecific mating (Downes 1958). The female
must be attracted to the swarming site by the same visual cues that brings
the males to the site, because unlike the male she appears to be insensitive io
sounds. Undoubtedly, pheromones play an essential role as soon as the sexes
are within close range of one another.
After mating, which usually takes place within a day or so of emerIn the search the female may
travel several kilometres. Some species have been shown to disperse for
gence, the female begins to seek a blood meal.

great distances, even 300-500 km. Like the male, the female must also seek
a carbohydrate meal at regular intervals, but the blood meal is required to
initiate and develop each batch of eggs. Carbon dioxide plays an important
role in long-range attraction of a blood-seeking mosquito, and the female
flies toward increasing concentrations of it. At close range, the female
mosquito begins to detect heat if the victim is warm-blooded, and finally she
sees the host. The host odor also may be involved in the attraction, but its
role is controversial. After the female lands, she may probe the skin a few
times, probably searching for a capillary. Only the central stylets, the
labrum, the two long hair-like mandibles, the two maxillary blades, and the
single median hypopharynx are inserted into the skin; the trough-like
supporting labium remains outside. The tips of the mandibles are needle

sharp and are driven into the tissue, followed

by the maxillae,

whose

saw-toothed apices serve to anchor the proboscis for another deeper thrust.
Engorgement usually takes only a few minutes, during which she may
imbibe her own weight of blood (Woodward and Chapman 1965). A few
species may even triple their weight. While the blood is digesting and the
first batch of eggs is developing, the female remains inactive, but soon she

must seek a suitable place to deposit her eggs. In the selection of an
oviposition site she may be guided by an attractant left behind by the
developing immature stages of her own species (Hudson and Mclintock
1967,Kalpage and Brust 1973). After oviposition, the female immediately
begins to search for a second blood meal; she may complete several such
cycles in her lifetime. Five ovarian cycles in one year are probably the most
a mosquito can achieve in Canada, although there are records of as many as
l0 cycles per female in the southern United States.

Overwintering stage
Throughout Canada, with the possible exception of southwestern British Columbia, a critical event in the life cycle of every species of mosquito is
the initiation and termination of diapause, which makes it possible for the
insect to survive the winter. Each species in Canada seems to have evolved
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the ability to overwinter in only one particular stage. Depending on the
species, the stage may be an egg, a latva, or an inseminated nulliparous
nonblood-fed female. Table I shows three basic types of life cycle: A, B, and
C, which are distinguished by the stage-egg, lava, or adult female-in
which overwintering is accomplished. Each of these three life cycles is
further subdivided into subgroups, such as Ar, Ar, and Ar, depending on
whether there is a single generation each year or more than one. Several
factors, particularly the latitude and the amount of summer rainfall, determine whether a multivoltine species might have two or three or even more
generations each year. Cold or drought may reduce a bivoltine species to a
univoltine one in a particular season or latitude. For example, Anopheles
earlei ts at least bivoltine in southern Ontario, but is probably univoltine in
northern Canada (Happold 1965a). Therefore, Table I is only a rough guide
to the stage that may be expected for a given species at a given time. In the
warmest parts of Canada where winters are less severe, especially in
southwestern British Columbia, a few species can even overwinter in more
than one stage, that is, egg and larva, or larva and adult.
Group A. The species of this group overwinter in the egg stage.

Subgroup A,: Hatching time is closely related to snowmelt. Beckel
(1953) discovered that when eggs had been subjected to a suitably long
period of cold, the decomposition of the carcasses of the mosquitoes that had
13

laid those eggs the previous year stimulated hatching. This effect has since
been shown to be a result of low oxygen tension, which occurs as bacteria
become active in the debris surrounding the eggs. Nutrient broth is used to
stimulate hatching in the laboratory (Brust and Kalpage 1967,Kalpage and
Brust 1974). Because of the wide variation in spring temperatures fiom year
to year, larval development may be prolonged for several weeks or completed in a week or two. Eggs laid by species in this group enter an

obligatory diapause and will hatch only after being subjected to several
weeks of cold temperatures. Culiseta morsitans and all species of Aedes
except the 16 species mentioned under subgroups A, and B, belong to this

group.

Subgroup Ar: Species of this group overwinter in the egg stage as do
those of subgroup A,, but they are also capable of addition-al generations
during the same summer if their eggs have dried and been subsequentry

reflooded.

All

species

of Psorophora and 15 species of Aedes, namely

atropalpus, campestris, canadensis, cantator, cinereus, dorsalis, hendersani,
nigromaculis, sollicitans, spencerii, sticticus, togoi, triseriatus, trivittatus,
and vexans, are capable of producing more than one generation during one
summer. The time of first hatching in the spring is also much more varied.
Aedes spencerii is the earliest species to hatch, whereas some other species
in this group, for example, trivittatus, hatch relatively late in,the season.
Eggs of Psorophora and of many of the Aedes in this group are laid on
the mud at the edges of partly dried-up temporary pools, and they may
hatch abruptly anytime during the summer provided they are flooded.
However, if conditions remain dry, they may not hatch that year, whereas in

wet summers there may be several generations, and adults may be present
more or less continuously. Several centimetres of rain, leaving ditches and
low-lying areas full of water or causing river levels to rise, are sufficient to
initiate hatching of these species. Larval development can be completed in
as short a time as 4 or 5 days, and pupal development is even faster;
therefore, the cycle from egg to adult requires only a week in hot weather.
The best-known member of this group is Aedes vexans, although the
rock-pool, tree-hole, and salt- and alkaline-marsh breeders listed previously
also belong here. Aedes cinereus was previously considered to be univoltine
(Carpenter and LaCasse 1955), but Brust (1968) showed that about half the
eggs laid by this species were nondiapausing eggs that hatched without cold
conditioning. Similarly, Brust showed that Aedes campestris, canadensis,
and spencerii all laid both diapausing and nondiapausing eggs.

Subgroup Ar: As in subgroups A, and Ar, species of this group
overwinter in the egg stage and hatch in late spring. However, eggs of the
first generation are laid on permanent water, so that developmeni proceeds
immediately. Thus, larvae appear while their mothers are still seeking blood
for a second ovarian cycle. As the summer progresses, the second and third
generations overlap and all stages may be encountered. Anopheles walkeri is
the only member of this group.

l4

Group B. In this group, the larval stage enters diapause in preparation
for overwintering.
Subgroup B,: The group has been further subdivided into a univoltine
subgroup, B,, to which Mansonia perturbans and Wyeomyia smithii belong.
Subgroup Br: A multivoltine subgrouP, Br, includes Anopheles barberi,
Toxorhynchites rutilus, Aedes sietensis, Culiseta melanura, Orthopodomyia alba, O. signifera, and southern populations of llyeomyia smithii.
Also Aedes sierrensis may overwinter in the egg stage in the northern part
of its range, and Loor and DeFoliart (1969) have found a few overwintering
eggs of Orthopodomyia. The particular larval stage at which overwintering
can take place is probably specific for most species, but has not been studied
in every case. Smith and Brust (1971) demonstrated that development of
Ylyeomyia smithii was arrested in the third instar by shorter day length,
and it did not begin again until temperature and day length were raised
above critical levels. In early spring, second instars of Orthopodomyia alba
that had survived the winter were found in the Ottawa area (and after they
were collected they continued to develop to the adult stage), but later instars
in the same tree hole had died, presumably as a result of cold. Similarly,
larvae of Anopheles barberi collected in October and April were all in the
second instar. However, Toxorhynchites rutilus is considered to be cold
hardy only as a mature larva (Horsfall 1955). Larvaeof Mansonia perturbans may not actually enter a diapause, but may merely experience a
greatly reduced growth rate and therefore overwinter in whatever stage they
have reached as winter approaches. Synchronization of individuals appears
to occur in the last instar before pupation (Hagmann 1952).ln most of its

Canadian range, Wyeomyia smithii is univoltine, although in southern
Ontario it may have a second generation. In Canada, the summer behavior
of Culiseta melanura remains unknown, although larvae are present in May
and September.

Group C. Species in this group overwinter as inseminated nonblood-fed
females.

Subgroup C,: Frohne (1953b,1954a,1954b) was the first to show that
the two most northerly species of Culiseta, alaskaensis and impatiens, have
an extremely long life-span, of a year or more. Newly emerged females do
not seek blood in their first summer. Most of their lives are spent in a torpid
condition, aestivating or hibernating. They are among the earliest to seek
blood the following spring, often before the snow has disappeared. Later,
seeking blood for their second or third ovarian cycles, their cycles may
overlap with their own progeny. At the latitude of Ottawa, adult impatiens
have never been collected after April or early May. This species is probably

univoltine at that latitude, although there is ample time for a second
generation. The two species of Culiseta appear to be the only mosquitoes
with this type of life cycle in Canada.
l)

Subgroup Cr: Members of this group also overwinter as nonblood-fed
adult females, but they undergo successive summer generations. The remaining species of Anopheles, namely, earlei, freeborni, punctipennis, and
quadrimaculatus; three species of Culiseta, namely, incidens, inornata, and,
minnesotae; all species of Culex; and. Uranotaenia sapphirina belong to this
group. The species of AnopheleJ emerge in early spring, on the first warm
days in April. Culiseta inornata appears somewhat later (Rempel 1953),
whereas Culex spp. and Uranotaenia sapphirina appear still later. All of
these species inhabit semipermanent marshes, and they breed continuously
during the summer, which results in overlapping generations. During warm
wet weather substantial populations can build up as the summer progresses.
The last generation of adult females in the autumn does not feed on blood
before going into hibernation; therefore these females can only be collected
in light traps or in damp dark places, such as caves, hollow trees, and
unheated buildings, while they are hibernating.

Pest species
More than 60 of the 74 species of mosquitoes occurring in Canada are
known to bite man or domestic animals and birds. However, relatively few
species are usually numerous enough to be considered serious pests solely on
the basis of the discomfort created by their biting activities. Aedes vexans,
which occurs throughout southern Canada, develops rapidly when summer
rainfall is excessive, sometimes achieving enormous populations. This species
is probably Canada's most severe mosquito pest. In the Prairie Provinces
Aedes spencerii and dorsalis are regular and abundant nuisances. The
salt-marsh species, Aedes cantator and sollicitans, are pests from spring to
late fall along the coastal regions of the Maritime Provinces. In southern
Ontario, Mansonia perturbans is habitually a problem during July in the
vicinity of large inland marshes, whereas Aedes stimulans is probably the
most numerous and aggressive species in spring (Twinn 1931, Benedict
1962, Belton and Galloway 1966), especially near forested areas on Paleozoic sediments. Aedes punctor and communis are the dominant species of
the Canadian shield and throughout the Boreal forest. The former species
prefers acidic water lying over peat, whereas the latter is usually associated
with pools on alluvial clay along stream valleys (Maire and Aubin 1976).
The subarctic region, particularly near the tree line, is dominated by Aedes
hexodontus, whereas in the arctic, impiger and nigripes may be troublesome
on warm days.

Adult feeding

In addition to frequently imbibing water, both sexes of all species
probably feed regularly on nectar. Males feed only on nectar. A carbohydrate food source is important in prolonging life, although it is apparently
l6

not necessary for development of the first batch of eggs of some species
(Smith and Brust 1970, Hudson 1970). The species that do not require a
blood meal in order to mature eggs are called autogenous. Many workers
have observed mosquitoes feeding at flowers of various species (Sandholm
and Price 1962, West and Jenkins l95l). The pollinia of a small northern
orchid, Habenaria obtusata, have often been found attached to the mouthparts of species of northern Aedes (Hocking et al. 1950, Thien 1969a,
1969b). Haeger (1955) observed Aedes sollicitans feeding on aphid
honeydew.
Females of most Canadian species require a blood meal in addition to a
carbohydrate meal in order to develop a sizeable batch of eggs; these
females are called anautogenous. Unlike the carbohydrate meal, which
passes into the crop, the blood meal is pumped directly into the midgut
where it is enclosed in a transparent sheath of thin cuticle, the peritrophic
membrane. Distension of the gut wall helps initiate the production of
hormones that stimulate egg development, which proceeds as the blood is
digested and assimilated. Digestion may be completed in 24-36 hr at 25oC,
zt-5 days at l5oC, and about 15 days at lOoC (Horsfall 1955)' Egg

development takes somewhat longer. After the first batch of eggs has been
laid, the female may again seek blood to repeat the process.
Females of Orthopodomyia spp., Uranotaenia sapphirina, and Wyeomyia smithii have not been observed feeding; they are presumed to
reproduce autogenously. Also, females of Aedes churchillensis and rempeli
cannot be induced to take blood, and these species may partly develop a
second batch of eggs without it (Ellis and Brust 1973, Smith and Brust
1970). A few females of Aedes atropalpus may be induced to take blood
before laying eggs, but most of them do not, because blood is not needed for
development of the first batch of eggs (Hudson 1970). Only parous females,
that is, those that have already laid their first clutch of eggs, require a blood
meal in order to develop a second batch of eggs. The number of eggs laid by
an autogenous female is determined by the quality and the quantity of the
food ingested by her while she was in the larval stage.
Many more species may possess facultative autogeny, which is the
ability to mature a small number of eggs by utilizing the food reserves that
are present. Corbet (1964) demonstrated that in both Aedes impiger and
nigripes, a few eggs, sometimes only one, were matured after the food
reserves from the degeneration of most of the oocytes had been translocated
to only a few. Unlike atropalpus,both impiger and nigripes require a source
of carbohydrate before ovarian development can proceed. This ability to
develop some eggs facultatively, in the absence of blood and at the expense
of the rest of the follicles, may be more common than is presently realized.
Among large numbers of reared but nonblood-fed adults of l7 species from
Nevada, Chapman (1962) found individuals of l0 species that were able to
develop some eggs autogenously. Among the 10 were Aedes campestris,

communis, possibly churchillensis, dorsalis, melanimon, nigromaculis,
schizopinax, and Culex tarsalis. The first- and last-listed of these species
laid the greatest number of eggs.
t7

Host preferences
Unlike black flies (Simuliidae), which are usually rather specific as to
the host animal they feed on and the environment that the animal is in,
mosquitoes, especially Aedes, seem to be much less particular. Hayes
(1961), with the use of serological methods, found that females of Aedes
canadensis were attracted to and fed on birds, mammals, amphibians, and
reptiles, although there was a slight preference for mammals. Mansonia
perturbans also was found to be quite polyphagous (Downe 1962). The high
arctic species also appeared to obtain blood from whatever warm-blooded
animal was available (Corbet and Downe 1966).In general, however, Aedes
obtained blood meals more often from mammals than from birds, perhaps
because there were more mammals than birds available to them (Downe
1960, Shemanchuk et al. 1963).

Mosquito-borne

d

isease

In addition to their importance as pests, several species of mosquitoes
have been implicated in the transmission of the causative organisms of
several diseases in Canada. Malaria, transmitted only by Anopheles, was a
serious problem in southern Ontario during the last century, when hundreds
of people died as a result of the infection. At that time, the role of
mosquitoes was not known and human carriers of malaria were undoubtedly

readily accessible to hungry Anopheles. The disease is no longer present in
Canada, but five of the six species of Anopheles found in Canada have been
experimentally infected with malaria in the laboratory, and the sixth, earlei,
may also be capable of infection, but this has not been documented (Brust,
personal communication). Presumably these species could transmit malaria
again if they were given the opportunity. However, the possibility of
transmission of malaria from an infected person returning from a malarious
region is unlikely.

Although members of the genus Anopheles are the only vectors of
human malaria, several species of malaria in birds are transmitted by
culicine mosquitoes. These diseases may play a decisive role in regulating
populations of wild birds, although to date they have not threatened
domestic birds.

Much more serious are the arboviruses, or arthropod-borne viruses, of
various encephalitides. The history of the diseases caused by these viruses in

Canada and of the research and related activities has been thoroughly
documented by Mclean (19'75), Mclintock and Iversen (1975), and
Mclintock (1976). The most important of these diseases are caused by the

viruses of western equine encephalitis (WEE), eastern equine encephalitis
(EEE), and St. Louis encephalitis (SLE). Encephalitides are mainly diseases of birds, therefore, the bird-feeding species of Culex and Culiseta are
important as vectors. Because these viruses appear in the mosquito popula18

tion each summer in various parts of the continent, researchers consider that
epizootics in the wild bird population are probably common, if unpredictable, events. Birds do not seem to be adversely affected by the viruses; only
in such unnatural hosts as horses and man do these viruses produce
unpleasant symptoms.

In Canada, WEE was first

diagnosed

in 1935 in horses, and later in

l94l in a major epidemic in the Prairie Provinces, attacking humans
(Mclintock and Iversen 1975). In subsequent years, WEE virus was

isolated from several naturally infected species of mosquitoes in the USA,
and more mosquitoes were infected under experimental conditions. Gradually, Culex tarsalis, a species of rather omnivorous biting habits, emerged as
the principal vector of WEE, although several other species, including spring
populations of Aedes, remain implicated in transferring the virus. In spite of
a prodigious research effort, the mode of overwintering of the virus remains
unknown. For a long time it has been assumed that birds returning on their
spring migrations carry the virus, but this theory has not been demonstrated.
Females of Culex tarsalis and of another potential vector, Culiseta inornata, do not take a blood meal before they hibernate; therefore they cannot
become infected until spring. However, overwintering mosquito eggs have
been shown to harbor another arbovirus (Watts et al. 1973), and WEE may
also overwinter in this fashion.

ln 197 5 in Manitoba, the outbreak of WEE that threatened Winnipeg
was counteracted by a massive mosquito control program in Winnipeg and
several surrounding municipalities. This outbreak was extensively documented in Special Supplement I to the May-June issue of the Canadian
Journal of Public Health (1976).
Only one outbreak of EEE has been recorded in Canada; in horses, near
Knowlton, Que., in 1972 (Harrison and Cousineau 1973). The principal
vector of the virus in the USA, Caliseta melanura, is a rare and local
species in Eastern Canada, probably not capable of supporting an epizootic.
Therefore, it is possible that another species such as Mansonia perturbans,
from which EEE virus has been recovered, may also transmit the disease.

SLE virus was first isolated in Canada in l97l from Saskatchewan, but
the first epidemic occurred in southwestern Ontario in 1975, concurrent
with a widespread epidemic in the USA. The principal vector of this virus is
believed tobe Culex pipiens.

The above-mentioned viruses have probably always been present in
Canada, and their apparently recent prevalence may be no more than a
result of more extensive surveillance. The stationing of sentinel chicken
flocks in strategic locations in the Prairie Provinces and the periodic
trapping of mosquitoes attracted to them have been standard monitoring
procedures for detecting viral presence for many years. In the case of WEE,
the infection of horses has always preceded human infections and has
warned of a potential epidemic. This warning could also be taken for EEE,
but not for SLE. since the latter does not affect horses.
l9

A fourth group of

related viruses, collectively labeled California

encephalitis (CE) viruses, cause diseases of small mammals and are transmitted predominantly by species of Aedes. Three of'the CE strains have
produced clinical symptoms in humans. One strain, the LaCasse virus, has
been found in larvae and in males of its principal vector, Aedes triseriatus,
suggesting that it can be transmitted transovarially by an infected female
mosquito to her progeny (Watts et al. 1973). The most common virus of the
California group, the Snowshoe Hare strain, has been isolated from larvae
of Aedes implicatus by Mclintock et al. (1976).
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Geographic distribution
The treatment of each species in this publication is accompanied by a
map showing the site of collection of all the specimens we have examined
(shown by solid circles), locality records from the literature (solid triangles),
and those literature records that we believe may be based on misidentified
specimens that require verification (open triangles). Most of the specimens
indicated by solid circles are in the Canadian National Collection. Each
map is intended as only a rough guide to the distribution of a species; the
total ranges of Canadian mosquitoes are unknown, and many regions of the
country have been inadequately collected.

Table 2 lists the known occurrence of each species in Canada; the
in Eurasia and Alaska is included for comparison. The open
circles represent literature records that we consider incorrect. These provincial lists are only a rough guide and should not be considered complete; for
example, Culiseta alaskaensis must occur in Ontario, but we have not seen
any records, undoubtedly because the region where it occurs is sparsely
distribution

collected.

The distribution of each Canadian species outside Canada is outlined
briefly in the text dealing with that species. Further details may be obtained
from Carpenter and LaCasse (1955), Carpenter (1968, 1970b,1974), Stone
et al. (1959), and Stone (1965). Maps showing the distribution of each
species in Alaska are given by Gjullin et al. (1961) and in Washington,
Oregon, and Idaho by Gjullin and Eddy (1972).

Munroe (1956) has classified insect distribution patterns in Canada
into nine categories, and, as might be expected, some mosquito distributions
may be readily assigned to several of these categories. However, most of the
species in Canada are wide ranging, transcontinental or nearly so, and
therefore even overextend some of Munroe's "combined ranges." Almost all
of these species also occur across Eurasia (see Table 2). Perhaps because of
compression of isotherms south of Hudson Bay, the ranges of these wideranging species occupy more degrees of latitude in Western Canada than
they do in Eastern Canada, for example, the ranges of Aedes diantaeus,
punctor, and pionips and Culiseta impatiens and morsitans. Common and
often abundant throughout the boreal forest, or taiga, these mainly northern
species become less common and more local in southeastern Canada. An
extreme example is Culiseta alaskaensis, which is found from Alaska to
southern British Columbia and southern Manitoba, where

it occupies all life
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zones between the subarctic and the prairie environments, and
it seems to be limited to the taiga.

yet in

Eastern Canada

Another common type of distribution is the "eastern range," which
extends at its maximum from southern Manitoba to Nova Scotia, and at its
minimum to include only southwestern Ontario and southernmost Quebec.
Species with the widest distributions in this category include Aedes atropalpus, stimulans, and trivittatus. Species with the most restricted distributions
include species with southern affinities that are widespread in the USA, but
are at their northern limits in southern Canada, such as Anopheles barberi
and quadrimaculatus; Toxorhynchites rutilus; the three eastern species of
Psorophora; Uranotaenia sapphirina; Orthopodomyia spp.; Aedes aurifer,
thibaulti, and triseriatus; and Culisetq melanura. Most of these species tend
to be from uncommon to rare in occurrence, possibly because of their more
exacting habitat requirements, and the true northern limits of their distribution have probably not been determined. About half of these species were
discovered in Canada only within the last l0 years. Another type of "eastern
range" with a more northerly extension is shown by Aedes abserratus,
Culex restuans, and Wyeomyia smithii.

A third group of species occupies a "central range," which in Canada is
the prairies and the surrounding aspen parkland. Aedes nigromaculis and
schizopinax are found only in the prairies, whereas others such as Aedes
melanimon and increpitus have also invaded prairie-like situations in central
British Columbia. Aedes spencerii and dorsalis have invaded the prairie-like
farming areas of Eastern Canada; the latter has also colonized the marshy
brackish coast of James Bay. Aedes campestris has included in its range the
low arctic tundra of Hudson Bay as well as the prairies, but has not yet
become established in eastern farmland.

Rather few species occupy a purely "western range." Aedes aloponotum and aboriginis both seem to be confined to coastal British Columbia.
Anopheles freeborni seems to be found only in the dry interior of British
Columbia, whereas Aedes sieruensis ranges widely in both the coastal and
interior regions of that province.
Several southern species, with transcontinental ranges in the USA,
reach their northern limit in three isolated areas of southern Canada:
southern British Columbia, southern Manitoba, and southeastern Canada.
This combined eastern and western range is shown by Anopheles punctipennis, Aedes hendersoni, Mansonia perturbans, and Culex pipiens.

Only three species may be considered as having an "arctic range."
These species are Aedes impiger, nigripes, and hexodontus, and of these
only nigripes is confined to the tundra. The other two are also subarctic and
cordilleran, ranging well into the taiga. Aedes rempeli is also low arctic and

boreal in range, although too few stations have been found to permit
generalization. Aedes impiger may have the widest range in Canada of any
species of mosquito, and it is probably the most highly adapted arctic species
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is indigenous in several high arctic localities, such as Melville
Island and Peary Land, northern Greenland, where even nigripes has not

because

it

been collected.

Finally, the distributions of Culiseta inornata and Aedes pullatus show
unuru"i'composite range that suggests the possibility _of two sibling
"n
species in the former and dispersal from two separate glacial refugia in the

litter. Culiseta inornata is found abundantly throughout the west, extending
even to the arctic coast of the Yukon, but in Eastern Canada it is confined
to southern Ontario, where it is uncommon. Perhaps it has only recently
spread into southwestern Ontario from the west. Aedes pullalzs has two
separate ranges: one in and west of the Rocky Mou-ntains- ung tl9 other in
no.th".n Quibec, Newfoundland, and southern Baffin Island. The Grand

Banks, Sablle Island, and other offshore areas that were extensive land areas
during the fullest extent of the last glacial period could have functioned as
al. tgzo;, including- Aedes pullatus'
refugia for many species (Howden

it

The western popuiutionr of pullatus could have spread from Beringia,
northwest of the ice sheet.

In summary, few canadian mosquitoes occupy ranges that -conform,
even approximaiJly, with the botanists' classification of the major Canadian
vegetaiive regions-(Rowe 1912). Aedes aboriginis in the wet Pacific Coast
foiest region, nigromaculis on the prairies, pionips in lhe bo_real forest
region (riith a fei stations in the aspen parkland and the Great Lakes - St.
Liwrence forest region), and nigripes confined to the arctic tundra and

coastal grasslands of Newfoundland (with a few stations in Alpine
forest-tundra as well) are perhaps the only species whose distribution more
or less coincides with a major life zone and that could be considered as
characteristic of the zone.
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Phenology

The time of first appearance of mosquitoes in the spring varies greatly
from year to year and from one part of Canada to anoiher. Dependlng on
the onset of spring, the year-to-year variation may be by as much as 3
weeks. This annual variation makes assessment of the latitudinal variation
rather difficult. Nevertheless, Map I shows the approximate time that
mosquitoes are expected to emerge in numbers in any given locale. The
isotherms are based on the mean daily temperatures for April, which seemed
to correspond more closely than annual mean temperatures, degree-days, or
any other measurement to the earliest records of mosquitoes in the literature
(Hearle 1926, Happold 1965b, Graham 1969b, Rempel 1953, Hocking et al.
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local modifications to account for different species.
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1950, Jenkins and Knight 1950, 1952, Maire and Aubin 1976, and others),
as well as to the earliest dates recorded on material in the Canadian
National Collection and to our own experience.

Different species also greatly affect the earliest dates of mosquito
abundance. The presence of Aedes cataphylla in the vicinity of Kamloops,
B.C., and of spencerii on the prairies advances the mosquito season to the
same time as, or even ahead oi that of southern Ontario, where the common
species are rather late in emerging, although the mean temperatures in April
at Kamloops, B.C., and at Windsor, Ont., are warmer than those in the
Prairie Provinces.
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Anatomy
Adult
All canadian mosquitoes, both males and females, can be distinguished
from- all other midge-like insects by their long, slender scaly proboscis,
which in all cases is longer than the length of the head and thorax combined.
f:l crane flies (Tipulidae) have an ilongated rostrum, the region of the
Ihead
between the antennae and mouthparti, but they can be diJtinguished
from mosquitoes by their maxillary palpi, which arise near the apeiof this
rostrum instead of at the base of the proboscis. A few other Diptera also
have a similarly elongated proboscis, but it is not covered with siales. The
proboscis of the mosquito is straight or nearly so, narrowest near the base,
widening only slightly near the apex, except in Toxorhynchites in which it is
thickest basally and tapers to a pointed strongly decurved apex.
Males of all canadian mosquitoes except wyeomyia smithii can be
distinguished from females by their plumose antennae (Fig. r). Each of the
13 segments, or flagellomeres, of the flagellum bears a whorl of setae in
both sexes, but in the female these setae are each scarcely longer than twice
as long as their corresponding flagellomere (Fig. 2). Howevei, in all males
except of lvyeomyia, the setae on all but the last flagellomere are several
times as long as their corresponding segment and are much more numerous

than in the female. Males of Chaoboridae, Ceratopogonidae,

and

chironomidae, which also have somewhat similar plumose untJnna", all lack

an elongate slender scaly proboscis.

Few other Diptera are as extensively clothed with scales as are mosquitoes. The scales are usually either pale or dark colored. The dark-colored
scales are seldom truly black and are called dark scales because the actual
color may vary from reddish brown to dark brown, depending on the species
and to a lesser extent on the age of the specimen. In some lig-hts, dark icales
may appear faintly bluish metallic and thus seem paler thanlhey do in other
lights..In a few species, the dark scales are briiliantly and unmistakably
metallic blue, green, or purple. The pale-colored scales are white, silvery,

yellow, or gold and are called pale by comparison with the darker scales,
which may be brown or black. Thus somi species, for example, Aedei
aurifer or thibaulti, have areas of gold scales that are distinctly paler than
adjacent areas of dark brown scales, whereas members of the Aedes
exc-r-ucians group may have areas of whitish scales contrasting with areas of

reddish brown scales. often pale and dark scales are mixed on the proboscis,
palpi, wing veins, legs, and abdomen. The color of the integument also varies
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interspecifically, and it may show through between the scales, unless they
are particularly dense, thereby influencing the overall color'

The antenna is divided into 15 segments (Figs.

l,

2). The

basal

segment, or scape, is hidden behind the greatly enlarged s9co1$ segment, or
pedicel (sometimes called torus in the literature). The pedicel bears a group
bf setae'on its medial surface, which usually also bears either pale or dark
scales that may extend out over its dorsal surface but are usually absent
from its ventrolateral surface. The first flagellomere rrsually also bears a
median patch of scales, but the remaining flagellomeres are usually without
scales (in female Orthopodomyic, a conspicuous median line of white scales
is present on the first three to five flagellomeres).

The palpus is typically five-segmented, which is the standard number in
the Nemitocera. Each segment is called a palpomere. In both sexes of
Anopheles, and in the males of nearly all other genera, the palpus is

last flagellmere

maxlllary

palpus

t-t

last flagelloml

proboscrs

labellum
\

Figs.

Aedes

l, 2. Lateral view of head: I , male; 2, female.
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elongate and all five palpomeres are distinct. The first (basal) palpomere is
partly subdivided, which gives the palpus of males a six-segmented appearance. Because of reduction of the apical segments, the female putput
appears to be two- or three-segmented. The basal half of the first palpbmire
in both sexes lacks scales and hairs, and in dried material it lo'oti like a
basal segment. The distal half of the first palpomere is fully scaled, like the
remaining palpomeres, but it can scarcely be distinguished from the second
palpomere because the junction is hidden by scales. The third palpomere in
both sexes is the longest and often the thickest; in males of most species of
culicinae, it bears a fringe or tuft of long setae near its apex. The fourth
and fifth palpomeres of the male are subequal in length and are usually also
fringed ventromedially and laterally. To loiate a partlicular palpomere in the
female, start counting from the base, but remember that ihe^basal half of

the first palpomere is bare of scales and the second half is not. The longest
segment, the apparent apical segment, is the third palpomere. In the mile,
however, and in the female Anopheles, it is easier to start counting from the
lpical, or_fifth, segment. In male Anopheles, the last two palpo-rneres are
broadened and swollen, and the intersegmental boundary is visibie only from
below. The apex of the palpus is usually conical and more or less obscured
by dense scales and setae; a broken pltpus shows a small, round central
opening.

The compound eyes are nearly contiguous both dorsally, above the
antennae, and ventrally, behind the base of the proboscis. Tire vertex, or
dorsal part of the head behind the eyes, blends indistinguishably into the
bqck 9f the head, the postcranium oi occiput, and is mo-re or leis covered
with distinctively colored erect and decumbent scales. The erect scales on
the vertex are usually truncate or forked apically and often differ in color
from the narrow, curved decumbent scales ai their bases. A row of forwardly directed (proclinate) setae called the postocular setae arises on the vertex,
parallel to the hind margin of the eye; these setae may be reduced to a single
median pair in some genera (sometimes called the interocular setae).
Each

of the three

segments

of the thorax (Figs. 3-6) is

divided

horizontally into a dorsal notum and a ventral sternum. The lateral pleural
plate makes up the side of each thoracic segment. In winged insects, a
vertical ridge, or thickening, divides this plzural prate int6 an anterior
and a .posterior epimeron; the episternum may be further
"pjtl9..nuT longitudinally
subdivided
into a dorsal anepisternum und a ventral
katepisternum.

Most of the thorax belongs to the second, or middle, segment, the
mesothorax. The prothorax and metathorax are smaller, especiaiiy middorsally, where they are almost obliterated. what remains of the dorsal tergum
of the prothorax, the pronotum, is subdivided into laterally displaced hal-ves.

It is divided transversely into a lobe-like antepronotum and a flattened
postpronotum, which is flush with the mesothorai and appears to be part of
that segment. The postpronotum typically has a vertical row of setae near its
30
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posterior edge that may overlap the spiracle behind it; in arctic species,
additional setae may be present along the dorsal part of the postpronotum.
Anteriorly, between the fore coxae and below the neck, is a V- or W-shaped
sclerite, the probasisternum, occasionally with hairs and scales. The probasisternum is connected above the fore coxa to the proepisternum, which lies
between the antepronotum and the fore coxa. The membrane lying between
the probasisternum and the fore coxa, the anteprocoxal membrane, and the
membrane between the fore coxa and the mesothorax, the postprocoxal
membrane, may each bear scales in some species of Aedes.

The notum of the mesothorax, or mesonotum, is divided transversely
into three sections: the mesoscuturn, the mesoscutellum, and the mesopost31

notum. Because these subdivisions do not occur in the prothorax and
metathorax, it is customary to omit the prefix "meso"; therefore the terms
used in this publication are scutum, scutellum, and postnotum. All three
make up the mesonotum, a term often incorrectly applied to the scutum
alone.

The scutum occupies most of the dorsum of the thorax and is rather
imprecisely divided by an incomplete transverse suture into a presutural and
a postsutural portion. Setae may arise scattered over much of the scutum,
but they are typically more concentrated into a median, or acrostichal, row:
a marginal, or supraalar, row; and a row between these two, the dorsocentral
row. Scales occur over most or all of the scutum, and though they are easily
rubbed off, their arrangement, pattern, and color are usually important for
species determination. Although a variety of patterns occurs, two patterns
are the most common. In one pattern (Fig. 5), the median area, between the
two rows of dorsocentral setae, is divided longitudinally into three stripes, a
median stripe of paler scales flanked on each side by a submedian stripe of
darker scales. This darker submedian stripe is flanked laterally by paler
scales that are concolorous with the median stripe. This pattern is found in
Aedes communis, diantaeus, and pionips. Behind the transverse suture,
there is usually a second, shorter, dark-scaled postsutural sublateral stripe
concolorous with the presutural submedian stripe, either separated from it
by pale scales as in Aedes pionips, or contiguous with it, as in Aedes
thibaulti. In another common pattern, the median and submedian stripes
are concolorous and contiguous, forming a single broad middorsal stripe
(Fig. 6). This pattern is found in Aedes fitchii, punctor, sticticus, triseriatus, and others. In Aedes campestris, dorsalis, and trivittatzs, the scales of
the upper half of the postpronotum and the adjacent edge of the scutum
match those of the single middorsal stripe, giving a tripartite appearance to
the thorax, as shown in Fig. 6. Finally, the presutural sublateral area, or
scutal fossa, which is somewhat triangular and slightly depressed, is usually
pale scaled, but it may enclose a patch of scales concolorous with those of
the midlongitudinal stripe, thus confining the pale scales to the region of the
dorsocentral setae. In some Culex and Culiseta, the pale scales are most

evident as a pair of middorsocentral spots. The central region of the
postsutural part of the scutum between the wings is the prescutellar

depression. It is usually surrounded by paler scales. The posterior margin of
the scutellum may be evenly convex, with a uniform row of posteriorly
directed setae, or it may be tripartite, with setae grouped on the lobes. The
postnotum has a small group of scales only in l4tyeomyia smithii (and its
tropical relatives), whereas in other species it is bare.
A small oblong strip of integument, the paratergite, lies at the edge of
the scutum between the anterior thoracic spiracle and the wing base. The
mesothoracic pleural suture, which runs from the mid coxa up to the base of
the wing, divides the mesopleuron unequally into a large anterior mesepi-

sternum and a smaller posterior mesepimeron. The mesepisternum is subdivided by a longitudinal anapleural suture, which extends posteriorly or
posterodorsally from the proepisternum into a dorsal mesanepisternum and
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a ventral mesokatepisternum (called mesepisternum by Knight and Laffoon
l97}a). The prefix "meso" is not used for these two sclerites because this
subdivision is used only on the mesepisternum. The anepisternum is further

subdivided by a diagonal anepisternal cleft (Fig. 4) into an anterior and a

posterior portion. The anapleural suture is distinct in uranotaenia, but
indistinct in most other mosquitoes, so that the posterior anepisternum,
which bears the prealar setae, appears as a dorsal extension of the katepisternum. The somewhat triangular anterior portion of the anepisternum, with
its right angle next to the postpronotum and scutum, bears the anterior
(mesothoracic) spiracle. A small taxonomically important group of setae,
the spiracular setae, arise just anterior to the sclerotized anterior margin of
the spiracle, but posterior to the postpronotal setae, which can be mistaken

for the spiracular setae. The spiracular setae are absent in Aedes, Mansonia,
and Culex, but are present in most other genera. The remainder of the
anterior anepisternum is arbitrarily divided into three areas according to the
three scale patches that may be present. A small area, about half the size of
the spiracle and immediately ventral to it, is the hypostigmal area. The
subspiracular area is ventral to this area, whereas the postspiracular area,
whiCh may bear the taxonomically important postspiracular setae, is posterior to the spiracle. The long, tapering ventral angle of the postspiracular area
extending between the subspiracular area and the anepisternal cleft may
bear scaies in addition to those in the vicinity of the postspiracular setae.
The katepisternum is particularly well developed in mosquitoes and related
families ind it often unites with the opposite katepisternum between the fore
and mid eoxae, separating them from one another and obscuring the
predominantly internal mesosternum. The katepisternum has often been
called the sternopleuron, because of the mistaken assumption that the
mesosternum has become fused with it. Setae are present in two groups: the
upper katepisternal setae in a group along the posterodorsal margin, and the
lower katepisternal setae along the posterior margin above the mid coxa.
Scales are issociated with all three groups of setae, and in most ledes those
scales in the midsection associated with the upper katepisternal setae extend
varying distances across the katepisternum toward the anterodorsal corner,
which is just behind the proepisternum. Behind the mesopleural suture, a
rectangular sclerite, the mesepimeron is also divided transversely into a
large dorsal mesanepimeron and an insignificant mesokatepimeron. The
latter is a narrow ribbon-like, light-colored bare strip along the ventral
margin of the mesanepimeron. Because only the mesanepimeron is used

taxonomically,

it is referred to simply

as the mesepimeron. This sclerite

always has a group of setae, the upper mesepimeral setae, at its upper end
under the base of the wing. In many species, a few lower mesepimeral setae
are also present, located along the anterior edge of the mesepimeron at the
level of the upper katepisternal setae. Scales that are always present on the
upper half of the mesepimeron may extend ventrally for varying distances in
viiious species. Below the mesepimeron and between the mid and hind
coxae is i rounded sclerite, the mesomeron, which is considered to be a
portion of the mid coxa that has become detached (Crampton 1942).

JJ

The metathorax, like the prothorax, has become greatly reduced.
However, the metepisternum, the metepimeron, and the metameron are
distinguishable; they are in the same relative positions as their homologues
of the mesothorax. The metanotum has been obliterated and is nothing more
than a narrow ridge separating the mesopostnotum from the first abdominal
segment, just above the halter. The halter, the metathoracic spiracle just in
front of the halter, and the hind leg are the only prominent metathoracic
structures.
The wing (Fig. 7), which belongs to the mesothorax, is long and slender

in all

mosquitoes. The wing veins are typically covered, dorsally and
ventrally, with more or less decumbent scales. Even the two crossveins have
scales in Culiseta alaskaensis. The posterior margin of the wing is fringed
with a row of long scales that is a continuation of the scales at the apex of
the costa. The scales on the wing veins are usually dark, but many species
have some pale scales intermixed, either scattered or as alternating patches.
The scales on the wing veins of the male, though similar in color to those of
the female, are sparser and seem easily detached; therefore, their color
cannot be used as a distinguishing character in males. The calypter, a
rounded scale at the base of the margin of the hind wing, is sometimes
fringed along its edge.
Except for CuP, a minor vein of no taxonomic importance lying just
behind CuA, all wing veins are covered with scales on both their dorsal (Fig.
7) and ventral surfaces. The relative positions of dark and pale scales are of
considerable taxonomic value. Some species have dark or pale scales aggregated into spots, and the positions of these spots are described with reference
to the branching points and the apices of the veins. The costa (C) and
subcosta (Sc) are unbranched, but the radius (R) branches near its base into
a dorsal branch (R,) and the radial sector (R"), which branches again near
the middle of the wing into Rr*, and Ro*r. Ro*, remains unbranched to the

wing margin, but Rr*, branches again into R, and R.. A short crossvein
(r-m), which connects Ro*, to the media (M), is without scales except in
Culiseta. The next vein behind M is the anterior branch of the cubitus
(CuA), ending in two branches CuA, and CuAr. CuA, is considered to

.".-@

.,,-5fT: r*-*
C!41

Fig.7.
34

Dorsal view of wing.

"--;i

I

''.);,-:-==.: -.--1.
A)
tergite 7
sternite B

\

stefnile

I

gjrnocox rte

tergite B
tergite

9

.\

I
Aedes fitchii

Figs. 8,

9.

Lateral view of abdomen: 8, male; 9, female.

contain elements of the media (see Hennig 1973) and therefore it has been
referred to sometimes as M4 or as Mo * CuA,. However, in mosquitoes
CuA, seems to be more obviously a part of the cubitus than of the media.
The media and cubitus are joined by a short crossvein, shown in Fig. 7 as
m-cu. The hindmost vein is the anal vein (A).
Each of the three thoracic segments bears one pair of legs, which are
referred to here as forelegs, midlegs, and hind legs. The legs are almost
entirely covered with scales. Each leg is divided into nine segments. The
coxa and trochanter, the two short basal segments, are usually pale scaled
and have not been useful taxonomically. The femur and tibia are the two
longest segments. The tarsus is five segmented; the terminal segment, or
apical tarsomere, almost always bears a pair of curved tarsal claws. The
tarsomeres are numbered from the first (basal) to the fifth (distal). Thus the
basal tarsomere of the hind leg is the first hind tarsomere. The surfaces of
each leg are described as if they were held straight out to one side; thus
there is an anterior surface, an anterodorsal surface, a dorsal surface, and so
on. The femur is usually paler scaled basally than apically, but otherwise

has not been examined

for

characters. The

tibia and each of the five

tarsomeres may be almost entirely dark scaled or they may be characteristically banded with rings of white scales. In the females of most genera, all
tarsal claws are simple, that is, without subbasal teeth, and they are more or
less alike on all three pairs of legs. In the male the outer fore and mid claws
are highly modified for grasping the legs of the female. Only on the hind leg
of the male are the two claws similar, and both resemble those of the female.
The claws of most female Aedes and Psorophora have a subbasal tooth,
whose length and angle are often characteristic of the species.

The abdomen (Figs. 8 and 9) in both sexes consists of ten segments of
which only eight are readily visible. Segments IX and X are reduced,
usually telescoped into segment VIII, and are more or less modified as part
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of the terminalia, or external genitalia. Unless distended with blood or eggs,
the mosquito abdomen is strongly flattened dorsoventrally. The sclerite on
the dorsum of each segment, or tergite, and that on the venter, or sternite,
are each (except for the first sternite) entirely covered with hairs (as in
Anopheles) or decumbent scales (in all other genera). An hour or so after
the adult emerges, the apex of the male abdomen beyond segment VII
rotates 180o, either clockwise of counterclockwise, bringing the external
genitalia into an inverted position, with the eighth and ninth tergites in a
ventral position. Nevertheless, these structures are referred to as though
they were in their correct anatomical positions, not their rotated positions.
All drawings of male terminalia (Figs. l0 and 1l) are of a dorsal view. The
male segment VIII is usually undistinguished, but in Culiseta subgenus
Culiseta its tergite is adorned apically with modified setae. The ninth tergite
is usually bilobed, with each lobe armed apically with short stout setae.
Segment X, usually called proctiger, is a simple membranous cone in
Anopheles, but is complexly sclerotized in the other genera. In these other
genera, the lOth tergite and sternite are each longitudinally subdivided; each
half of the l0th tergite is insignificant, whereas each half of the 10th
sternite is modified into a more or less S-shaped sclerite, the paraproct,
whose strongly sclerotized apex is usually armed with small teeth. ln Culex
this sclerite also has a basal lobe or arm. The aedeagus (also called
phallosome in mosquito literature, but a term not widely used for other
Diptera) is typically a bulb- or flask-like structure whose apex is partly
enclosed by the paraprocts. ln Culex, the aedeagus develops complex lateral
processes. The aedeagus is supported basally by a pair of short simple rods,
the parameres. Ventral to the proctiger and aedeagus (but actually above

them in the rotated terminalia) are the gonopods (claspers), by far the most
conspicuous elements in the male terminalia. Each gonopod is subdivided
into a massive basal gonocoxite (basistyle, basimere, or sidepiece) and a
more slender distal gonostylus (dististyle, distimere, or clasper) that usually
terminates in a short stout peg-like apical seta. In Aedes, the gonocoxite,
though cylindrical, is sclerotized only ventrally, laterally, and dorsally, and
thus appears "open" medially along its full length. The two sclerotized
"edges" of this open cylinder are the medioventral and mediodorsal edges.
The medioventral edge usually bears a fringe of long setae, whereas the
mediodorsal edge is often convoluted, usually with two taxonomically important lobes, a basal lobe and an apical lobe, variously shaped and variously
armed with setae of different lengths and thicknesses. In Culiseta, the basal
and apical lobes are not configurations of this sclerotized "edge," but they

arise ;s tubercles from the "closed" cylinder. ln Culex, the basal lobe is
displaced so far apically, because of extreme median enlargement of the
basal foramen of the gonocoxite, that it is called the subapical lobe. This
subapical lobe bears a set of complexly modified setae, which may be
rod-like or flattened and paddle-like and often have recurved apices. The
median dorsal corner of the gonocoxite is elongated anteriorly into a process
on which the paramere articulates. The aedeagus is thus supported, by the
parameres, from the median dorsal corners of the two gonocoxites. The
median ventral corner of the gonocoxite also supports a process, the
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\n Anopheles, the claspette is

bilobed and armed with setae,
it is a complex, dorsally

whereas in Psorophora and most species of Aedes

curved finger-like structure of great taxonomic significance. In the other
genera it is lacking. The pair of claspettes is ventral to the aedeagus,
whereas the proctiger is dorsal. However, the actual position, because of
rotation, is the reverse, with the claspettes lying above the aedeagus and the
proctiger below it.

The female terminalia are of little taxonomic importance. A pair of
apical processes, the cerci are long and slender in Psorophora and most
species of Aedes, and are usually protruding sufficiently to be diagnostic (as
in Fig. 9). Otherwise they are short, rounded, and inconspicuous.

Larva
The presence of labral brushes, the fusion and enlargement of the three
thoracic segments, and the tubular, cylindrical, or conical respiratory siphon
arising from the dorsum of abdominal segment VIII (actually VIII and IX
fused) in all genera but Anopheles distinguish mosquito larvae from all
other larvae. Chaoborid larvae also have the thoracic segments fused and
enlarged, but their labral brushes are reduced and are not used for filter
feeding. Dixid larvae, which have labral brushes but lack a siphon, could be
3I

mistaken for Anopheles larvae except that their thoracic segments are
discrete and are not broadened.

As in almost all Diptera, the larvae of mosquitoes pass through four
instars. The first instar is decidedly different from the other instars, and its
species cannot be as easily identified as the others. It is readily recognizable
by the presence of an egg burster, a sharply pointed tubercle arising in mid
center of the dorsal surface of the head that is assumed to rupture the egg
shell. In Culicinae, only the apex of the siphon is sclerotized, with the pecten
teeth arising from the transparent membranous basal portion. Several
papers have been published that deal extensively with the first instar, and
they provide keys for the separation of the species (Bohart 1954, Price 1960,
Dodge 1966). Penn (1938) compared instars of Aedes tiseriatus with
respect to an increase in number of pecten teeth and comb scales. Also,
Abdel-Malek (1949) compared the four instars of Aedes trivittatus. We
have not prepared a key to first instars because we lack material and we
believe it is easier to rear them to later instars than it is to attempt to

identify them.

Identification of mosquito larvae to species is largely dependent on the
arrangement and numbers of branches of the setae (Figs. 12-16). All setae
are paired and are symmetrically arranged. A seta is referred to in the
singular, thus seta l-C is one of a pair. A seta may have many branches
arising from a common base; therefore it is necessary to identify the base of
each seta. Even when a seta is broken off. the socket in which it was

attached can still be located.

The second, third, and fourth instars resemble one another more closely
than they do the first instar. In all three, the egg burster is lacking and the
siphon is more completely sclerotized. The branching of the setae increases
with subsequent instars, as does the number of comb scales. In genera other
than Anopheles

and.

Aedes, the last instar is easily recognized by the saddle

that completely encircles the anal segment. ln the second and third instars
of all species and in Anopheles and most Aedes, the saddle is merely an oval
sclerite on the dorsal surface of the anal segment, hence the name "saddle."
The last instar of thase Aedes that do not have a completely encircling
saddle may be recognized by the position of the saddle seta l-X, which
arises closer to the posterior margin of the saddle than to its ventral margin
(Smith 1969a, 1969b)" In all second and third instars, the saddle seta arises
at, or very close to, the ventral margin of the saddle, often in the membrane
ventral to the saddle. Only in two species of Aedes, atropalpus and togoi,
the saddle seta arises in the membrane below the saddle in the fourth instar
as well as in the third and second; these two species have been dealt with
accordingly in the key. Dodge (1963) and Smith (1969a) provided keys to
the second, third, and fourth instars of most of the eastern species.
The external morphology of the fourth instar has been treated in detail
(Belkin 1950, Knight and Laffoon 1971, Laffoon and Knight 1973, Harbach and Knight 1978). Only those structures and setae used in this
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publication are discussed in the following description. The larvae of Toxorhynchites are so easily recognized and the arrangement of their setae is so
distinctive from that of other mosquitoes that they are excluded from the
following description.

The dorsal surface of the cranium, or head capsule, is dominated by a
large rather quadrate apotome that occupies most of the center of the head
and is separated from the lateral parts of the cranium by an ecdysal line.
Anteriorly the clypeolabral suture separates the crescent-shaped labrum
from the apotome. Each labral brush consists of hundreds of long sigmoid
setae closely and precisely arranged in one of a pair of large patches on the
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ventral side of the labrum. Each antenna arises outside the apotome at the
anterolateral corner of the head. The compound eye of the adult develops
precociously in most genera and probably also functions for larval vision
along with the smaller simple larval eye, or stemma, behind it. In Mansonia,
only the larval eye is evident as a pigmented structure, even in the fourth
instar.

The cranial setae were previously assigned names but now they are
numbered, followed by the letter C. There are 18 pairs of cranial setae,
numbered 0-C to l7-C, but only about 6 of these are regularly used. Seta
l-C is a prominent, thick, forwardly directed paired seta arising on the
labrum. Setae 2-C to 8-C arise on the apotome. Seta 2-C, the inner clypeal
hair, is long and prominent only in Anopheles, arising very close to the
midline and just beside the other member of its pair. Seta 4-C is usually
small and arises far forward on the apotome. In Culicinae, seta 4-C is
typically multiple and arises closer to the midline than do setae 5-C to 8-C.
Setae 5-C,6-C, and 7-C arc almost always the longest, and they arise more
or less side by side in Anopheles and in a few Aedes, forming a conspicuous
transverse row. In most of the culicines, however, seta 6-C is displaced far
forward, toward and even in front of 4-C. In this position, seta 6-C often is
located in front of seta 5-C. hence the names lower head seta for 6-C and
upper head seta for 5-C. The relative position and degree of branching of
setae 5-C and 6-C are of utmost importance in identifying species in most
culicine genera. Seta 7-C arises near the edge of the apotome, medial to the
antennal base. Setae 9-C to l7-C are generally small and have not been

fully examined for specific characters.
The antenna is also equipped with setae, which are numbered l-A to
6-A. All of these, except seta l-A, which arises from the dorsomedial aspect
of the antennal shank, are minute and located at the antennal apex. Seta

l-A
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may be single or have many branches, and its position is diagnostic. The

antennal shank is usually covered with microscopic anteriorly projecting
points, or spicules.

The mouthparts vary substantially from species to species, but they
have seldom been adequately studied for taxonomic characters. However,
the shape of the maxilia varies noticeably among several species of Aedes
that otlierwise look very much alike. The maxilla itself is divided into three
parts: the maxillary body, the maxillary palpus, and a small triangular basal
iclerite, the palpifer. The maxillary body has an anterior lobe that bears a
dense apical tuft of setae and a posterior lobe fringed with shorter setae.
Each of the three thoracic segments and the first seven abdominal
segments are partly encircled laterally by a transverse row of paired,
symmetrically irranged setae. Each pair of setae is typically numbered from
0 to 14, beginning with the one closest to the middorsal line and ending with
the one neirest the midventral line. Some setae have migrated from their
usual positions and therefore are difficult to number. The prothorax and
abdominal segments II-VII may each have up to 15 pairs of setae; the
mesothorax has up to 14; the metathorax, 13; and abdominal segment I,
only 12 present at a time, although all 15 are known to occur but not in any
one species (Belkin 1950).

The setae of the prothorax are numbered 0-P to l4-P. Seta 0-P is a
minute tuft; in culicines it is displaced laterally, lying behind 4-P and 5-P.
Setae l-P to 3-P arise very close to each other and appear at a glance as
branches of a single seta. All three setae are close to the midline, and l-P is
almost invariably the longest. Seta 4-P is usually single in Aedes subgenus
Ochlerotatus, but is usually branched in others. Setae 5-P,6-P, and 7-P are
the longest prothoracic setae, each arising separately but side by side on the
..shoulder," close to the lateral margin in dorsal view. Seta 8-P is below and
usually in front of 7-P and is not shown in any dorsal view in this
publication. Setae 9-P to l2-P arise from a small tubercle; according to
Belkin (1950), l0-P is the longest of the four.
The setae of the mesothorax are arranged according to the same plan

as

in the prothorax except that seta 0 is missing. In the Culicinae the first four
mesotlioracic setae, l-M to 4-M, are fine, usually minute, and rather

regularly spaced in a transverse row. Seta 5-M is typically long and
unbranched. Setae 6-M and 7-M share a common base in Aedes and in
some Culex, but they are separate in the remaining genera' Seta 7-M is
strongly branched in Aedes, but is usually single in other genera. Seta 8-M
is long and strongly branched, but like 8-P is not shown in any dorsal view in
the plates in this publication.
The metathoracic setae 1-T to l3-T have not been fully examined for

characters and are used only to distinguish the species of Orthopodomyia.

Belkin (1950) used the arrangement of setae on abdominal segment II
as a standard for determining homologies of the setae on segments I and
III-VII. Setae on segment VIII cannot be homologized, and they have been
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numbered l-vIII to 5-vIII. when numbering setae, the series number is
followed by the segment number, for example, 6-III refers to seta 6 on

segment III. Series l, the dorsolateral abdominal setae, and series 13, the
ventrolateral abdominal setae, are generally the longest or most conspicuous
setae in their respective positions, although they are not always closest to the
midline either dorsally or ventrally. These are never elongate on segments I
or II. In Anopheles, series 1 consists of the palmate "float" setae. The most
laterally placed setae, the upper lateral setae (series 6), are the longest setae
on segments I-vI and are thus easily recognized. The upper lateral seta
(6-vlI) on segment vII is short and multiple, unlike those on the preceding
segments. On segments I and II, the lower lateral setae (7-I and 7-II)
immediately ventral to the upper laterals (6-I and 6-II) are also usually well
developed. Because of great variation in the positions of abdominal setae
and consequent doubt about their homologies, the terms dorsolateral, upper
lateral, lower lateral, and ventrolateral are used throughout, in addition to
the supposed series numbers, to refer to the longest setu in the particular
part of the segment specified. Lengths of the dorsolateral and ventrolateral
setae are given in terms of the adjacent upper lateral setae, except on
segment vII, where comparison is made with the upper lateral setae of

segment VI.

- Segment VIII is entirely different from the preceding segments. The
five setae have been arbitrarily numbered. Setae l-VIII, :-VIII, and 5-VIII
are typically long and strongly branched, whereas setae 2-vlII and 4-vIII,
interspersed between them, are finer, shorter, and unbranched, except in
Mansonia. This pattern does not apply to Anopheles or to ll'yeomyia.
Laterally, segment VIII also bears, in most Cuiicinae, a patch of comb
scales. Each scale is thorn-like and does not arise from a socket, as does a
seta, but is rigidly attached to the integument. The number of scales varies
greatly, from 4 or 5 to more than 100, depending on the species. Intraspecifically there is also considerable variation in numbers. The apex may be
long and drawn-out, spine-like, flanked with short subapical spinules, or it
may be evenly fringed with short spinules, none of which is maikedly longer
than the others. The spinules can only be adequately discerned under
compound magnification, hence the shape of the comb scales and the length
of their spinules are avoided in the larval key. The characteristics of ihe
spinules are illustrated because they are of considerable taxonomic importance. The paired spiracular openings are surrounded, partly in Anopheles
or completely in Culicinae, with a chitinous ring, which in Culicinae is
elongated into a tubular cylindrical siphon. The siphon is so short in
Anopheles that the spiracles appear to be flush with the surface of the

segment, and the siphon is often said to be absent (Fig. 30). The siphon in
Culex and Wyeomyia has a series of paired tufts or setae; no setae are
designated l-S. The spiracles at the apex of the siphon are surrounded by
five flaps bearing setae 2-S to l3-S. only 9-S, at the apex of the largest flap
(the posterolateral), is considered here; it is elongate, thickened, curved, and
hook-like in some Aedes of the excrucians group. Laterally, in Anopheres
and most culicinae, a row of pecten teeth is present on each side of the
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siphon. The teeth may alternate long and short in Anopheles, but in
Culicinae they usually increase uniformly in size toward the apex. Each
pecten tooth may have a single basal cusp, or a series of cusps. The last two
or three pecten teeth may, in some Aedes, be more widely and irregularly
spaced than the rest of the teeth; most authors refer to these teeth as being
"detached." A single paired seta, the siphonal seta, l-S, is usually present,
either at the base, as in Culiselc, or between the mid length and the apex,
as in other Culicinae.

The last, or anal, segment is believed to be segment X, with the

obliterated remnant of segment IX at its base. In all irLstars, it bears an
ovoid or rectangular dorsal sclerite, the saddle, which in the last instar may
completely encircle the segment like a cylinder. The saddle is probably a
tergite, and similar tergite-like sclerites appear also on other abdominal
segments in Anopheles and some Orthopodomyia.The saddle bears a single
lateral saddle seta, l-X, which in the first three instars (and also the last
instars of Aedes atropalpus and togoi) arises either ventral to the saddle on
the membrane, at the edge of the saddle, or if within the saddle, closer to its
ventral margin than to its posterior margin (Smith 1969b). In the last (or
fourth) instar, the saddle seta arises well within the saddle (except in Aedes
atropalpus and togoi and Wyeomyia) and closer to its posterior margin than
to its ventral margin. Dorsally, near the posterior border of the saddle, are
two long paired setae, 2-X and 3-X. Seta 2-X is the more dorsal of the two
and is always branched (except in Aedes abserratus and Culex restuans).
Seta 3-X is ventral to, and almost always longer than, seta 2-X; seta 3-X is
branched in Anopheles, Culiseta, Mansonia, Uranotaenia', and Wyeomyia,
but unbranched in Aedes, Culex, Psorophora, and Orthopodomyia.

Along the midventral line near the apex of segment X arises a series of
long setae numbered 4-X that constitutes the ventral brush. Wyeomyia
smithii has only one seta 4-X, but all other genera have several' All setae in
the ventral brush are branched, and all but a few of the smallest and most
proximally placed (the precratal setae) have a Y-shaped base, presumably
for greater support basally. The apices of the Y-shapecl bases are linked
together on each side by a bar-like sclerite; all the bases together resemble a
ladder, or grid. Setae are staggered alternately on either riide of the midline
to allow closer crowding of the bases. Setae thus linked t.ogether are called
cratal setae. The precratal setae are not staggered; they arise from the
midline and they lack Y-shaped bases. They arise behind the saddle when it
fully encircles the anal segment, except in Psorophorq arL(l in most Culiseta,
in which they arise from the saddle. At the apex of segment X are two pairs
of anal papillae, except in Wyeomyia, which has only one pair. These anal
papillae are more or less transparent conical organs, which are involved in
osmoregulation; they are extremely short in species that are associated with
brackish or alkaline water. Some evidence suggests that the papillae
increase or decrease in length from one instar to another in response to
different environmental conditions. The differences in length within any
species have not been studied, and the papillae are often fbund to be broken
off. However, the papillae sometimes offer useful taxonomic information.
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Pupa
Interspecific and even intergeneric variations seem to be much less
obvious among pupae than among larvae or adults. No attempt has been
made in this publication to provide a means of identifying pupae that is any
easier or less time-consuming than rearing the pupae to the adult stage.
Darsie (1949, l95l) described and illustrated pupae of the species occurring
in the northeastern USA. Additional descriptions of pupae are given by
Darsie (1955, riparius, pionips;1957, the punctor subgroup) and Darsie et
al. (1962, melanura).

Egg
Eggs of most species have been described, but as with the pupae, it is
easier and more certain to hatch and rear the eggs than to try to identify

them. Kalpage and Brust (1968) described and illustrated the eggs of 27
species of Aedes in Manitoba; they also provided details on the techniques of
obtaining, conditioning, and hatching eggs and on preparing them for study.
The scanning electron microscope is a powerful instrument for studying and

identifying eggs (Brust 1974).
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Methods of collecting, rearing, and preserving
mosquitoes
Collecting larvae and pupae
Mosquito larvae can be found in almost every type of nonflowing
aquatic habitat from the marshy edges of large lakes, provided that fish are
not present; through swamps and marshes of all types and sizes; along
sections of rivers, streams, or ditches where the water is not flowing; to small
collections of water in rock crevices, tree or stump holes, leaves of pitcherplants, and artificial containers. To determine the temporal and spatial
distribution of larvae in a certain area, sample each type of habitat
separately and make regular collections from each, preferably at weekly
intervals, beginning as soon as the snow melts and continuing until September. Make a preliminary survey of mosquito breeding in any locality by
carefully examining every possible type of breeding place. Sandy or rocky
lakeshores, especially those exposed to wave action, do not support larvae.
Larvae are usually collected from large ground pools and marshes by
using a fine-mesh net or a white-enameled dipper. Some species of larvae
seek the protective cover of floating or emergent vegetation, where they are
difficult to collect. Aluminum or plastic window screening, stretched tightly
across the rim of an insect net, is effective for sieving a few scarce larvae out
of a large volume of water. Larvae of AnopheleJ rest at the surface of the
water, but they are hard to see among vegetation because they are cryptically colored and often sparsely distributed. When they have been disturbed,
most larvae swim rapidly to the bottom, where they may remain for several
minutes. Consequently, it is most productive to make only one rapid
skimming pass with the net in any one place, then to collect elsewhere for a
few minutes before revisiting the first area for a second time. The net may
be inverted over a shallow pan of water and the larvae removed with a
pipette (Fig. l7a). When larvae swim to the bottom, you may have to wait
quietly for a while until they come to the surface again. Stirring up the
bottom mud to make the larvae more visible has at times been helpful,
especially when larvae are wary (as are species of Culiseta) or are sparsely
distributed.

In smaller ground pools, rock crevices, rock pools, and large artificial
containers, a white-enameled dipper with a wooden dowel as a handle
extender is most useful. Larvae that live in rock pools seem to burrow in the
detritus on the bottom for long periods, and they may have to be stirred up
and sieved out if they do not readily rise to the surface.
A<

Several feet of transparent vinyl tubing are necessary to siphon out the
liquid from tree holes. An internal diameter of at least a centimetre ensures
a rapid flow with minimum blockage so that the larvae are less likely to
escape to crevices in the cavity. Siphon the liquid into a pail or a clean
polyethylene bag. Because there is a marked seasonal fluctuation in species,
return some liquid to the tree hole to ensure continuity in sampling. Small
containers, such as the leaves of pitcherplants, can be sampled directly with
a pipette.

Special efforts are required to obtain the larvae and pupae of Mansonia

perturbans, which are buried in the bottom mud attached to the roots of
emergent vegetation. The various methods devised have been based either on
floating the larvae from the debris at the bottom with the use of concentrated salt solutions or on forcing larvae to detach themselves arrd swim about
by removing the emergent parts of the plant and thus curtailing their oxygen
supply (Bidlingmayer 1954). We have not attempted the latter method, but
we have suceeded in obtaining a few larvae by uprooting cattails and Calla
and soaking their roots in a strong solution of KOH. The larvae are reported
to be less inclined to detach in cold water (Hagmann 1952).

Complete observations and field notes on all collections provide valuable information on mosquito biology. It is essential to give each collection a
number that corresponds with a record kept on a collection data sheet.
However, because such information may become separated from the specimens in the course of time, be sure to record the locality, date, habitat, and
name of the collector in pencil or India ink on a paper label and to place it
inside every larval container.

Transporting living larvae
Larvae are most easily identified when they are in the fourth instar.
However. a few immature larvae should also be collected. and. when it is

feasible, they can be reared to maturity in the laboratory for easier
identification. To obtain adults, especially males, in good condition, it is also
necessary to transport mature larvae to the laboratory. Mosquito larvae,
especially young larvae intended for rearing, should be chilled before being
subjected to much jostling. Therefore, an ice chest is an essential piece of
equipment, especially in hot weather. Larvae can be cooled suddenly by
adding colder fresh water to their container (Weathersby 1963), but they
should never be warmed suddenly. Insulated food containers with tight-fitting lids make useful transporting and rearing containers. Also, plastic bags
are usefui for large samples. Leave some air above the water in the bag or
container and open the container to admit fresh air once a day, or more
often in warm weather. Never leave samoles in direct sunlisht. Collect an

extra container of pond water for topping up youruu-pi-", later. Food
should not be necessary for a day or two, provided leaves from the larval
habitat are included with your larvae. For longer periods, powdered or paste
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fish food or powdered liver maintains an adequate growth rate. Overfeeding,
as with fish in aquariums, results in foul water, which is detrimental to some
species.

Rearing immature stages
Many different techniques have been developed for rearing various
species from egg to adult in the laboratory (Mclintock 1952, Tremblay
1955, Beckel and Copps 1953, Beckel 1958, Weathersby 1962, 1963, Brust
and Kalpage 1967, Chapman and Barr 1969, Gerberg 1970, Ellis and Brust
1973). Various rearing methods were summarized by Gerberg (1970).
Collected eggs of most non-ledes hatch within a few days after being
laid, and they need only to be kept floating on water. The eggs of Aedes and
of other genera that undergo diapause in the egg stage, namely, Culiseta
morsitans and Anopheles walkeri, must be conditioned by storage at
20+l'C for l6 hr of light and 8 hr of darkness for 2 months, then at 5+l'C
in total darkness for 3 months (Horsfall and Fowler 1961, Brust and
Horsfall 1965). Soil samples containing eggs conditioned in this way need
only to be immersed in dechlorinated tap water at 10+1'C for l6 hr of light
and 8 hr of darkness. Eggs laid in the laboratory may be conditioned on
moist nylon pads sealed in petri dishes. To initiate hatching, they must be
placed in dilute nutrient broth (l:1000 by weight of powdered broth in tap
water) at l0+l"C for 16 hr of light and 8 hr of darkness. The beginning of
bacterial action in the soil or broth quickly lowers the dissolved oxygen in
the water and stimulates hatching.
Larvae may be reared in any clean glass, plastic, or porcelain container,

but photographic trays are preferable for larger numbers. The 300 mIinsulated food containers are satisfactory for small samples of larvae. A
density of about 75-100 larvae per litre of distilled water in a shallow pan
should minimize the detrimental effects of overcrowding. The previously fed
larval diets of ground-up rabbit and dog chow with added yeast and other
supplements have largely been supplanted by powdered liver, powdered fish
food, Tetra Min Staple, and Tetra Min Tube Food 66. The last-mentioned
diet was preferred by Ellis and Brust (1973), because it tended not to foul
the rearing medium if offered in excess of larval requirements. Liver powder

is particularly difficult to use in the correct amount, although for pollutiontolerant species it is ideal. Brust (personal communication) found that Tetra
Min Staple powdered with peat moss was effective for northern species of
Aedes. A change or two of water may be necessary, depending on accumulation of excess food or on crowding of larvae. The rearing temperature should
be maintained at that which the larvae might encounter under natural
conditions. In general, 20'C is suitable for spring species, but is too cold for
summer species, especially those of Anopheles.
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Pupae should be removed with a pipette daily or separated from larvae

with the use of cold water (Weathersby 1963), and transferred to

a

styrofoam food container half-filled with distilled water (50 pupae/300 mL
container). This container should then be placed in a rearing cage fitted
with a sleeve to facilitate its removal after the adults have emerged-. Adults
can be killed in a deep freezer at suitable intervals, usually 1 or 2 days after
emergence (see the following section).

Killing and preserving larvae
Only living larvae should be preserved, because dead ones seldom make
good specimens. When a live larva is placed directly into ethanol it usually
curls up and later may turn black. The usual method of avoiding this has
been to drop the larvae into hot, but not boiling, water for a few minutes
before transferring them to 70-8070 ethanol for storage. Not only is hot
water seldom readily available in the field, but the larvae so treated tend to
be flaccid if the water is too hot, and our results have not been consistent.
To avoid the use of hot water, one of us (P.T.D.) developed a preservative,
KArA30, consisting of I part kerosene (reagent grade), 3 parts glacial acetic
acid, and 30 parts 95Vo ethanol that produces firm straight larvae with erect
mouthparts and setae. As much water as possible must be removed from the
larvae before transferring them to the preservative, either by decanting off
the water before adding the preservative, or preferably, by partly drying the
larvae on absorbent paper. Leave the larvae in this preservative for about 15
min, then decant off the preservative, leaving the larvae in the vial. The
preservative can be reused until it becomes cloudy. Wash the larvae in 95Vo
ethanol, decant them, and reflood them with 957o alcohol for permanent
storage. Throughout the process, do not handle the larvae; leave them in the
same vial. The KA.Aro preservative must be refrigerated or made up fresh
periodically, especially in hot weather, because when the ingredients are left
standing, acetic acid and ethanol combine to form ethyl acetate, which can
be detected by its characteristic odor. The preservative may be destructive to
neoprene stoppers; therefore the larvae should be rinsed thoroughly with
95Vo ethanol before permanent storage.

Transporting and storing preserved larvae
Rough treatment will quickly denude preserved larvae of their setae,
regardless of how carefully they have been preserved. Ideally, place larvae in
a vial filled with 957o ethanol and stopper it with cotton so that all air
bubbles are excluded. Then place this vial in a larger neoprene-stoppered
alcohol-filled vial with additional cotton to support the smaller vial, especially during shipment by mail. For permanent storage, avoid cork or polyethylene stoppers and screw caps. Only neoprene bungs have been shown to
consistently prevent evaporation of 95Vo ethanol. Every container must
contain a good-quality paper label, giving the locality, date, habitat, and
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name of the collector, written in pencil or India ink. The locality must be
clearly indicated so that it is universally intelligible, and the month should
be written in Roman numerals. Inadequately or cryptically labeled material
is of no permanent value and

will eventually be discarded.

Shipping
Pack the vials in a small stiff-walled inner box. Separate the vials from
one another and from the sides of the box by wrapping each one in facial
tissue or paper toweling. Gaps in the box can be filled with more tissue or
toweling. Tape or tie this box securely and then pack it in a larger outer box
so that the inner box is firmly cushioned on all sides by packing material
(for example, more toweling, tightly balled newspaper, excelsior, and so on)'
Securely seal the outer box with tape and affix the address label (with the
sender's and the addressee's name and address in full) and another label
stating "preserved specimens for scientific study-of no commercial value,"
and then tie the box with strong string.

Mounting larvae on permanent slides
Before larvae can be mounted, they must first be dehydrated in 957o
ethanol (if they have not already been preserved in ethanol), then in lOO%
r:thanol, then in xylene (cedarwood oil can also be used but it takes longer to
penetrate), and finally in a l:1 mixture of xylene and Canada balsam, with
at least l5 min in each reagent. on a clean microscope slide, place one large
rlrop of viscous Canada balsam slightly to the right of center. Transfer one
Itarva from the xylene-balsam mixture and cut it with optical scissors or
lbreak it in two with fine forceps at the sixth abdominal segment. Orient the
anterior section, dorsal side up, with the head toward the top edge of the
slide (Fig. l7b) and the posterior section, left side up, with the cut end also
toward the top edge of the slide. Anopheles larvae do not need to be cut in
.half. When the larva has been positioned, moisten the surface of the drop of
'balsam
with a minute amount of xylene and place a clean cover slip on top
,of the balsam. The specimen may be oriented after placing the cover slip in
position by inserting a No. 000 pin between the cover slip and the slide. If
|he balsam is viscous enough and you have used the correct amount, the
larva will not be crushed when the balsam dries, and therefore cover slip
isupports such as pieces of glass rod are not necessary.

tOollecting and preserving adults
The identification of adults, especially females, depends to such an
extent on the color and arrangement of scales that, regardless of how the
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a, d, e, Collecting equipment; b, microscope slide of larva; c, microscope

slide of male terminalia.

specimens are to be collected, the most important consideration is preventing them from becoming denuded. The best way to obtain a series of adults

in good condition for study is to rear them from identified larvae. Adults
caught in the wild have some advantages: their integument has hardened
properly so they do not collapse too badly when they are dried, and they are
often taken while swarming or feeding and, therefore, they may contribute
useful data. However, if you rear the larvae to adults, you must allow them
to live for a day or so, long enough to allow the integument to harden, but
not so long that they become denuded. In the laboratory, adults may be
easily and conveniently killed by placing the entire cage containing them in
a deep freezer for an hour or two. When killed this way, they usually die
with their wings folded and their legs outstretched, in a convenient position
for pinning. When they are frozen, they are extremely brittle and easily
broken. They soon begin to dry out, even in the freezer, and after a couple of
weeks it may no longer be possible to manipulate their legs. Therefore,
pinning is best done before they have begun to dry. Some workers prefer
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double mounts, but to do this is an extra time-consuming step, and the
specimens require more space in the collection. We prefer gluing the
specimen by its right side directly to the side of a No. I pin, about I cm
below the head of the pin, by means of a small droplet of shellac gel.* The
dorsum should always be up, and the right side of the specimen glued to the
pin so that the left side is exposed for study when the pin is held irr the right
hand. Return the specimens to the deep freezer as soon as posrsible after
pinning, and leave them there for 2 or 3 months to freeze-dry. By this
method shrinkage is minimal. In the field, reared adults may have to be kept
alive for 2 or 3 days and fed on fruit or sugar-water so that the integument
hardens sufficiently.
Males are usually collected in the field when they are swarming. Arctic
in full sun, either in protected hollows or above a prominent
landmark such as a tent. Below the tree line, swarming usually does not
start until sundown. Dyar (1922b) has described the swarming habits of
many species. Swarms may form in clearings over the shorelinLe or near
prominent trees or shrubs. A long-handled net such as one marketed by Bio
Quip, Box 61, Santa Monica, California, for tropical collecting isr indispenspecies swarm

sible for netting males from the higher swarms. Such speciimens are
inevitably denuded of their scales, but this is not a handicap because the

palpi, hind tarsi, and terminalia are usually sufficient for determination.
Females of most species are usually collected as they settle on the
observer and prepare to bite. A clean, dry, transparent plastic or glass vial,
2-3 cm in diam, can usually be placed over even the most wary iindividual,
once she has begun to feed. Less easily disturbed specimens can br: collected
directly into a killing tube if they are not to be kept alive. A simple killing
tube can be made by placing a few drops of ethylene dichloride (or ethylene
tetrachloride, which is less volatile but may be more dangerous to the
collector) on a small wad of sponge rubber (not plastic) in the bottom of a
wide-mouthed glass (not plastic) vial that is several centimetresr long and

narrow enough for your thumb to prevent

a

mosquito from escaping.

Separate the specimens from the solvent-impregnated rubber vl'ith a soft
paper plug and stopper the top of the vial with a cork. A killing tube lasts
for 2 or 3 weeks before requiring recharging.

Adults of both sexes can be collected in Malaise traps. This device has
the advantage of sampling the various species present without attracting
some in preference to others (Breeland and Pickard 1965). Hot'vever, the
effectiveness of a Malaise trap for catching females may tre greatly
enhanced by the use of CO, in the form of dry ice (Graham 1969a). A small
piece of Vapona strip can be used as a killing agent so that the adults can be
kept dry. The trap should be emptied as often as necessary to prevent the
t To make shellac gel, boil 125 mL of pure white shellac for about 15 :min, stirring
continuously, until it turns white and foams; add l0 mL of 707o ethanol and boil for another 4
min until it foams again; pour into small screw-cap vials and keep them tightly closed when
not in use.
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catch from drying out. Some females of Culex and Culiseta, which are not
attracted to man, can be collected with a Malaise trap. Both sexes of some
species are attracted to light; our specimens of Uranotaenia adults have only
been collected in light traps. Female mosquitoes may also be captured with
the use of an insect net, but they lose their scales readily. Dead mosquitoes

cannot be carried any distance

in your

pocket

or in a vehicle without

becoming unrecognizably denuded, unless you take special precautions to
prevent them from shifting around in their container. This problem can be
alleviated by bringing them back to the laboratory alive in a cage.

Do not preserve adults in liquids such as ethanol or formalin, because
the scales cannot be seen easily in fluid, and they soon become detached
when the container is transported. If preservation in fluid is inescapable,
Vockeroth (1966) has devised a method of removing small Diptera from
alcohol before they are pinned.
Label each pinned adult with its locality, date, and collector, similar to
the labeling described for larvae. If the locality is unintelligible, the specimen has no future value to others. The use of numbers alone means nothing
to anyone but the collector, and numbers are easily incorrectly 'transcribed.
Many otherwise fine collections have been discarded because the key to the
numbering system was lost.

Adult females that are to be kept alive in order to collect eggs from
them can be transferred to small cages. Horsfall has developed a simple
cage constructed of transparent acrylic sheet plastic and fiber glass window
screening (Fig. l7d). Two sides and two ends are acrylic; one end is bored to
hold a neoprene stopper. The mosquitoes can be transferred to the cage from
a clear plastic vial or aspirator (Fig. l7e). Wrap the cage in damp toweling,
and place a raisin or a wad of cotton soaked in a sucrose solution touching
the screening. To provide a blood meal, you can strap the cage to your arm.
Eggs will be laid on the surrounding toweling.

Macerating and mounting of terminalia and tarsal claws
Remove the tip of the abdomen by breaking it off with fine forceps or
it with optical scissors just in front of segment VIII. If the
specimen is dry, you can soften the abdomen somewhat by placing it in a
100% humid atmosphere for a few hours or by moistening the apical
segments with a drop of water. Place the terminalia in a solution of NaOH
(l pellet in 20 mL of water) and heat just to the boiling point for 5-10 min.
Remove the terminalia in the solution from the heat and while the solution
is still hot draw l-2 cm3 of it into a hypodermic syringe, pin down the end of
the abdomen with the point of the needle, and with the orifice of the needle
directed away from the terminalia eject the contents of the syringe. The
terminalia may burst if the stream of solution is directed into the terminalia,
but when it is directed away from it, any partly dissolved tissues are pulled

by cutting
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out by suction. When they are free of internal tissue, transfer the terminalia
to glacial acetic acid in order to neutralize the NaOH and to dissolve any
remaining fat droplets. You can examine the terminalia in glycerin, but for
permanent preparations they should be dehydrated for 5-10 min each in
successively more concentrated changes of ethanol,75Vo, 85Vo,95Vo, and
l\OVo,before being transferred to xylene (or cedarwood oil), then to a 1:l
mixture of xylene (or cedarwood oil) and Canada balsam, and finally
mounted in balsam on a glass microscope slide beneath a cover slip. A
common, though unsatisfactory, procedure used by previous workers was to
squash the terminalia under the cover slip, deflecting the claspettes laterally.

The claspettes arise ventrally and curve dorsally; therefore they are not
usually visible in profile in a dorsal view. Many drawings in the literature,
however, show the claspettes splayed to the side, and presumably the shape
of the gonocoxite and its lobes is also distorted in such a preparation. All
illustrations in this publication were made from unflattened terminalia. To
obtain a good lateral view of the claspette, remove it from the terminalia
and mount it under a separate smaller cover slip to one side of the remainder
of the terminalia. With the use of two pairs of watchmakers' forceps, grasp
the base of one gonocoxite with one pair and the base of the opposite
claspette stem with the other pair, and pull off the claspette. Mount it
immediately in a small drop of balsam, placing it well to the right of center
(Fig. l7c). Then transfer the remainder of the terminalia to a larger drop of
balsam in the center of the same slide, and orient it dorsal side up and
anterior end toward you (because it will be inverted when viewed under
most compound microscopes). The balsam should not be as viscous as that
used for mounting larvae, but it must be thick enough and in sufficient
quantity that when the cover slip is finally settled it does not flattcn the
specimen. If the remaining claspette (or both in an undissected specimen) is
deflected laterally, probably you used too little balsam or too much xylene.
Tarsal claws can be removed from the dried specimen and, without
further treatment, they can be mounted directly in balsam or they can be
cleared first in NaOH, then dehydrated, and mounted, as described previously. Use a very small amount of balsam. After you have placed the cover
slip in position, press it down to flatten the claws and to separate them from
one another.
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Synonymy and authorship

Some species have been named more than once, and these extra names
are called synonyms. The oldest, the senior synonym, is the one that must be
used, except under exceptional circumstances; the junior synonyms are not
used, but are listed in chronological order at the beginning of each species
treatment. In this publication, only synonyms based on North American
specimens are listed; those based on specimens originating outside of North
America have been omitted, but all synonyms can be found in Stone et al.

(1959), Stone (1961, 7963, 1967), and Knight and Stone (1977). For
example, Aedes vexans has two synonyms based on North American
specimens, sylvestris Theobald and euochru,s Howard, Dyar & Knab; both
of these synonyms are given for vexans. The name sylvestris was preoccupied, that is, already used, and therefore was not available for use again in
Aedes, so Blanchard (1905) proposed montcalmi Blanchard to replace
sylvestris Theobald. However, vexans also occurs widely in the Old World,
where it has been named at least five other times, but these five names have
not been listed in this publication. The same situation is true of the other
holarctic species, as well as those such as Psorophora with an extensive
range in Central and South America.
As mentioned previously, it is mandatory that the senior, that is, the
oldest, synonym be used in preference to younger names, but this is
occasionally not possible. For example, Aedes melanimon Dyar, 1924, is
really a junior synonym of mediolineatus Ludlow, 1907, but mediolineatus
Theobald, 1901, a still earlier name, is the valid name for an oriental species
of Aedes; therefore, the name mediolineatu.s is preoccupied in Aedes and
cannot be used a second time. The species must therefore be called by its
second oldest name, melanimon.

There are various reasons why synonyms have been, and still are,
created. Usually the author of a name was either unaware of an earlier
name or he thought that the earlier name referred to something else. In
earlier times, when mosquito descriptions bore few important details, it is
not surprising that common species were described several times. Another
rich source of synonyms was authors such as Dyar, who translated every
individual peculiarity into species differences and gave each a name, but
which have been found by subsequent authors to belong to one species only.
This consolidation can go too far, however; the name melanimon was
believed for a long time to be a synonym of dorsalis until the two species
were more carefully studied. As a result of improved taxonomic techniques,
some of the common species of today may yet be shown to be composed of
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more than one similar species. If this happens, all the synonyms will have to
be reexamined. Because of their potential importance, synonyms cannot be
discarded and forgotten.

It is easy to understand from the foregoing explanation how it

is

possible for the same name to be coined twice independently, or in different
genera that become subsequently united, for example, mediolineatus Theobald, 1901, and mediolineatus Ludlow, 1907. They cannot both be used in

the same genus, because there can only be one Aedes mediolineatus.
Because mediolineatu.s Ludlow was described subsequent to mediolineatus

Theobald, the former is therefore a homonym of the latter and must be
renamed or replaced by the next oldest synonym (in this case melanimon).
Because of the possibility of duplication among the thousands of mosquito
names, it is customary to write the name of the author after a specific name
at least once in a text.
Names were seldom originally described in'the genus to which they now
belong. For example, the two species with the name mediolineatus mentioned previously were proposed as Culex mediolineatus Theobald and
Grabhamia mediolineata Ludlow respectively. Because both species are now
considered to belong to Aedes, parentheses have been introduced around the
authors' names to show that they are no longer in the genus in which they
were originally described. They are now written Aedes mediolineatus
(Theobald) and Aedes mediolineatus (Ludlow), the ending of the latter
changing to the masculine form to agree with Aedes (Grabhamia is feminine. Culex is masculine).
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Key to the genera of mosquitoes of Canada-adults

Males can be distinguished from females by their long plumose antennae (Figs.

l,

2).

l. Posterior margin of scutellum evenly rounded and uniformly
palpusoffemalelongerthanantenna(Figs.20,2l).

setose

(Fig. l8);

..................................2

Posterior margin of scutellum trilobed, with setae confined to the lobes (Fig. l9);
.. ..... . 3
palpus of female much shorter than antenna (Culicinae)
2. Proboscis relatively straight (sometimes curved dorsally when dry); palpus of
both sexes about as long as proboscis (Fig. 20); apex of palpus (last 2 segments)
of male inflated, club-like; abdomen hairy but almost devoid of scales; tarsi
Anopheles
dark-scaled (Anophelinae)
Proboscis broadest at base and strongly bent ventrally beyond middle; palpus of
female straight, as long as unbent basal portion ofproboscis (Fig.2l); palpus of
male strongly bent dorsally, tapering apically, without long setae, and longer
than proboscis; abdomen and tarsi covered with blue green or purple metallic
Toxorhynchites
scales (Toxorhynchitinae)

Anopheles

Figs. 18,

19.

Dorsal view of scutellum.
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20

Anopheles

?

Ii\'\'tt
Toxorhynchites

Figs. 20,

2I

.

Left lateral view of head of female.

(Figs. 22, 23: ps); abdomen of female tapering
evenly to apex; cercus long, slender (except in Aedes togoi and atropalpus),
..........4
usually conspicuously exserted (Fig. 2a)........
Postspiracular setae absent (Figs. 26, 27); abdomen of female parallel-sided,
rounded apically (FiC.25); cercus short, rounded, inconspicuous.. ..... .. ....... .....5
4. Spiracular area with setae (sometimes only one or two present in Psorophora
signipennis) (Fig. 22, s); paratergite (Fig. 22, pt) and subspiracular area of
anepisternum (Fig.22, sa) bare or with a few scattered scales ............Psorophota

3. Postspiracular setae present

Spiracular area (Fig. 23, s) without setae, although setae on hind margin of
postpronotum may be mistaken for them; paratergite (Fig.23, pr) and subspiracular area (Fig. 23, sa) usually with scales (except in Aedes cinereus,

atropalpus,andtrivittatus)

... ....... ..

Psorophora

Figs.22,23. Left lateral
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view of thorax.

..........4edes

Aedes

24

Aedes

i l . i ii
llil',-->r

I

,. ,;*
Figs.

24,25.

iiiipI

Dorsal view of abdomen of female.

5. Spiracular area (Figs. 26,27: s)

with

setae

.

...

.

... .6

.... .. . .. .... .. .8
Spiracular area without setae...............
6. Scales on ventral surface of subcosta at base anterior to humeral crossvein, erect,
hair-like (Fig.26, sc); upper calypter with fringe of long fine setae (Fie. 26, c);
paratergite with scales or hairs on ventral margin (Fig.26,pl); abdominal scales
Culiseta
without metallic reflections......
Scales on ventral surface of subcosta at base broad, flat, and recumbent (Fig.27,
sc); upper calypter lacking fringe (Fig. 27, c); paratergite bare (Fig. 27, pt\;
scales on dorsum of abdomen dark brown with greenish blue metallic reflec1
tions ..... ....... ..... ..
7. Entire scutum covered with broad flattened brown scales; entire postpronotum,
most of pleuron, and venter of abdomen covered with silvery white scales;
postnotum with a small median group of anteriorly directed setae (Fig. 27, pn);
found in bogs, closely associated with the pitcherplant (Sarracenia pur-

purea)

..........11/YeomYia

Scutum sparsely clothed with narrow brown scales except for a narrow middorsal
stripe of rounded flat metallic blue scales and a patch of similar scales above
paratergite; metallic blue scales also present on vertex, antepronotum, and
katepisternum; usually found near semipermanent marshes, not
.... ............Uranotaenia

26

27

Culiseta

Figs.26,27. Left lateral

Wyeomyra

view of thorax.
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lVarsonia
e"g e- --

Figs. 28,

8.

29.

Pettuthans

Hind tibia and tarsus: arrows show different patterns of banding.

Hind tibia with a wide ring of yellow scales in distal third and another similar

ring at apex; first tarsal segments each with basal and middle rings of yellowish
scales; remaining tarsal segments white-scaled on basal half, dark-scaled on
apical half (Fig. 28)
............Mansonia
Hind tibia and basal tarsal segments with scattered pale scales, but lacking
well-defined rings at their mid lengths; midtarsal and hind tarsal segments with
apices and bases white-scaled, or all tarsi dark-scaled (Fig. 29) ................. .... .. 9
9. White tarsal rings conspicuous on hind legs, but scarcely present (reduced at
most to a small dorsoapical spot) on fore- and mid-legs; scutum with narrow
submedian and lateral lines, and on posterior half also sublateral lines of white
scales contrasting with daik brown integument, which is otherwise largely
devoid of scales except for acrostichal and dorsocentral stripes of dark brown

sca1es.............

All tarsi, or none, with white rings;

........Orthopodomyia

scutum uniformly clothed with pale brown
scales, sometimes with a pair of small paler median spots.
..Culex
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Key to the genera of mosquitoes of Canada-larvae

l. Siphon absent, with spiracles opening bqtween large valves nearly flush with
dorsal surface (Fig. 30); flattened fan-like palmate hairs (series

l)

present on

... . . Anopheles
aMominal segments III-VII..........
Siphon preseni as a sclerotized cylinder elevating spiracles above dorsal surface

(Figs. 31, 32); flattened fan-like palmate hairs absent (one pair of palmate hairs
belonging to pupal abdominal tergite II may be seen through the larval cuticle
. '..'....-...".'....'.....2
of larvae ready to molt) ..,..........
2. Siphon conical, nearly as wide at base as long, its apical third with strongly

silerotized pointed apex for piercing underwater parts of plants (Fig' 3l);
antenna long, whip-like, with apical portion distal to the antennal tuft and twice
. .. . .. . . Mansonia
as long as bisal portion...........
Siphon more than twice as long as wide, blunt-tipped (Fig. 32); basal portion of
antenna equal to or longer than apical

portion...-.....

....... .. ..........3

fully grown; apoteme very
broad and somewhat parallel-sided, widest posteriorly, occupying nearly all of

3. Predaceous forms very large (more than 12 mm) when

dorsum of head, with concave anterior margin (Figs. 33, 34) . ... . . ."....4
Nonpredaceous forms medium to small (less than l0 mm) when mature;
apotome rounded or oval, broadest in middle, with convex or truncate anterior
..5
.... .
.
margin (Figs. 35, 36) . .. .. .
4. Siphon lacking pecten teeth but with a prominent multiple siphonal seta 1-S;
setae of first 7 abdominal segments grouped on 3 pairs of convex sclerotized
plates, with those of segment VIII on one minute and one large plate (Fig.

32\.......

.

..............Toxothynchites

Siphon with numerous pecten teeth, each with long hair-like apex; siphonal seta
l-S a single long hair (Fig. 37); abdominal setae each arising separately, not
grouped on sclerotized pIates...............................Psorophora subgenus Psorophora
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30
Anopheles

Figs.

30-32. Left

lVansonia

Toxorhynchites

lateral view of terminal segments of larvae.

6l

Toxorhynchites

Figs.

33-36.

rutilus

Psorophora

ciliara

Uranoraenia

sapphirina

Aedes firchii

Dorsal view of head of larva.

5. Head oval, as long as wide; head setae 5-C and 6-C each single, inflated, strongly

sclerotized (Fig. 35), and much more prominent than other head setae; upper
lateral setae (series 6) of abdominal segments III-VII each short, with numerous stellately arranged branches; pecten teeth pale, obscure (easily overlooked),
(Jranotaenia
fringed on both sides, with numerous subequal spinules
Head semicircular, broader than long (Fig. 36); head setae 5-C and 6-C often
branched, but when single not conspicuously different in thickness and sclerotization from other head setae; upper lateral setae (series 6) of abdominal
segments III-VII each long and at most triple, more or less the same length as
those of segments I and II; pecten teeth stronglv sclerotized, toothed only on one
side, usually only at base or lacking
.
6

6.Siphonwithabasalrowofpectenteeth(Figs.38-44)

.. ......

..

.........7

Siphon without pecten teeth (Figs. 45, 46)
. . . .. 13
7. Siphon with a single seta 1-S on each side arising distal to most of the pecten

teeth(Figs.38,39)

.

....8

Siphon with either a single seta l-S on each side arising at the base of siphon
proximal to the pecten teeth or with 4 or more pairs of setae or tufts distal to
the pecten teeth (Figs. 40-44). ..... ...
.
. . .9
8. Siphon moderately to greatly inflated, widest near middle; pecten teeth 6 or
fewer; siphonal seta 1-S minute, arising remote from last pecten tooth; saddle
completely encircling anal segment, enveloping 8 or more precratal setae (Fig.
38)
Psorophora subgenus Janthinosoma and P. subgenus Grabhamia

3B

Psorophora(Psorophora)
Figs.
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Psorophora

37-40. Left lateral view of terminal

Aedes

segments of larva.

Crliseta (Culiseta)

CLrrsera(ClinacLra) Culiseta(CLricella) Cr-lex
Figs.

41-44. Left

tarsairs

lateral view of terminal segments of larva.

Siphon not inflated, nearly parallel-sided at middle, widest at or near base;
pecten teeth more than 10; siphonal seta 1-S no farther than its own length from
one of the last pecten teeth; when completely encircling anal segment, saddle
............Aedes
not enclosing any precratal setae (Fig. 39)
9. Pecten immediately followed by a row of closely spaced setae that are virtually a
continuation of the pecten; siphonal seta 1-S as conspicuous as the largest seta
(3-VIII) on segment VIII; siphon rather short and stout, about 3 times as long
Culiseta subgenus Culiseta
as maximum width (Fig. 40)
Pecten not immediately followed by a row of closely spaced setae, although four
or five widely spaced setae or tufts may be present distal to the pecten teeth;
siphonal seta l-S, when present, smaller than seta 3-VIII; siphon slender, 4-8
..... .......10
times as long as maximum width
10. Siphon with midventral row of l0-16 unpaired tufts, a small obscure basal seta
l-S, and a few minute scattered two-branched setae; comb of segment VIII with
about 25 long narrow scales closely and precisely arranged side by side (Fig. 41)
.............Cu|iseto subgenus Climacuta
Siphon with all setae more or less paired, and in a lateral, ventrolateral, or dorsal
position rather than a midventral position; comb scales irregularly arranged in a
.. . .. ..., . . ...... .11
patch (Figs. 42-44)
ll. Siphon with a single seta 1-S on each side at extreme base, ventral to the pecten
(Fig.42); remainder of siphon devoid of setae or tufts; pecten teeth small, fewer
......... .. . Calisela subgenus Culicella
than 10...........
Siphon with several pairs of setae, including seta 1-S, none of which arises from
. .. . ......12
base of siphon (Figs. 43, 44); pecten teeth more than l0
12. Distal 3-5 pecten teeth unevenly and more widely spaced than basal teeth; siphon
with a doisolateral row of 4 or 5 tufts, a lateral row of 3 or 4 smaller tufts, and
a single large tuft ventral to the pecten at about the middle of the pecten series
..Aedes provocans
(see Fig. 16l of Aedes larval key)
Pecten teeth evenly spaced; siphon with all tufts or single hairs arising distal to
..Culex
the pecten teeth (Figs. 43,44)
t3. Siphon with scattered unbranched setae over its entire length; anal segment with
all 4 pairs of setae subequal in length, each seta with 2-4 branches; anal
papillae I pair (Fig" 45); found in leaves of pitcherplants (Sarracenia pur-

purea)

.......-..LYYeomYia
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Wyeomyia smithii
Figs. 45,

46.

0rthopodomyia signifera

Left lateral view of terminal segments of larva.

Siphon with a branched seta l-S on each side; 4 pairs of setae of anal segment
varying widely in length and branching; anal papillae 2 pairs (Fig. 46); found in
tree holes.......
.... ....... .Orthopodomyia
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Subfamily Anophelinae

This subfamily, though worldwide in distribution, contains only three
genera (Edwards 1932, Stone et al. 1959). Bironella Theobald and Chagasia Cruz are small genera, restricted to the Australasian and Neotropical
regions respectively, whereas most of the species of the subfamily, including
all Canadian species, belong to the genus Anopheles Meigen. For a diagnosis of the subfamily, see Edwards (1932), who treated it as a tribe,
Anophelini, of the subfamily Culicinae (sensu Culicidae of this publication).
The majority of recent authors, after recognizing dixids and chaoborids as
separate families, have upgraded Anophelini, Toxorhynchitini, and Culicini
sensu Edwards (1932) to subfamilies, but their constituent genera and
species remain unchanged.

Adult anophelines, in life, hold their proboscis straight out in front of
them in line with the body axis, not at an angle as do the culicines. They
also generally have longer legs and stand with the body axis more strongly
inclined to the surface and the proboscis down. Females, at least of the
Canadian species, have elongated palpi, usually as long as the proboscis; the
palpus of the male of nearly all mosquitoes is elongate, but that of an
anopheline has the two apical segments swollen and inclined laterally.
Perhaps the most important distinguishing trait is the manner of larval
feeding: anophelines, like dixids, usually rest at the surface and take in
particles from the surface film, but unlike dixids, which tilt their head back
to feed, the anophelines rotate their head 180o to bring their mouthparts
into contact with the surface. Culicine larvae cannot rotate their head,
instead they bend their whole body in order to feed at the surface.

In the early history of Upper Canada, our native Anopheles were
undoubtedly involved in the transmission of human malaria (Plasmodium
spp.). Endemic malaria reached its peak in Canada in the middle of the last
century, but it declined and disappeared altogether by the beginning of this
century. Accounts of the early history of malaria in Canada are given by
O'Rourke (1959) and Mclintock and Iversen (1975). At least five of the six
species of Anopheles in Canada have been shown to be potentially capable
of transmitting malaria, although quadrimaculatus was probably the major
vector (O'Rourke I 959).
Genus Anopheles Meigen
Adult. Integument medium to dark brown; Canadian species with
recumbent scales only on vertex, palpus, proboscis, legs beyond coxae, and
6_s

wing veins, but absent from most of head and from thorax and abdomen;
palpus about as long as proboscis in both sexes, slender throughout, with a
few short scattered setae in female, enlarged apically in male, with the last
two palpomeres somewhat inflated and fringed (except in barberi) and
having long setae both mesally and laterally; first palpomere minute, and
second and third palpomeres longest, with the second palpomere having
somewhat raised scales giving it a shaggy appearance (except in barberi)
and the last palpomere shorter than the fourth in female, subequal in male;
clypeus longer than broad, triangular, narrowing to rounded apex; labium

slender throughout, relatively straight and parallel-sided or nearly so;
mandible and maxillary blade of female well-developed, toothed apically;
frons with tuft of pale setae directed forward between eyes; erect forked
scales of head numerous, but restricted to region of occiput behind occipital
setae; scutum narrowed laterally and not strongly arched, sparsely pollinose;
setae of acrostichal and dorsocentral rows pale, erect, relatively numerous,
and conspicuous; spiracular setae present (few, rarely none, in barberi);
anepisternum otherwise bare; tarsal claws without subbasal tooth; wing
scales brown, more or less aggregated to form darker spots (except in
barberi) at base of Rr, at bifurcations of Rr*, and Ro*r, of R, and Rr, of M,
and Mr, and on M at junction of crossvein r-m; spots less pronounced in
male than in female; calypter with marginal fringe; abdomen parallel-sided,
pilose, but without scales in the Canadian species; cercus of female short,
rounded, inconspicuous; gonocoxite of male in the Canadian species without
apical or basal lobes, but with a pair of prominent spines (parabasal spines)
in place of basal lobe; gonostylus long, slender, and curved medially, with
short apical spine; claspette divided longitudinally into a dorsolateral, or
outer, lobe and a ventromedial inner lobe, each armed apically with long
stout setae; aedeagus tubular with (except in barberi) one or more pairs of
laterally projecting apical spines, or "leaflets"; anal segment conical, membranous, grooved ventrally to partly encircle aedeagus.

Larva. Head as long as or longer than broad, usually somewhat oval
in outline; major setae of at least the lirst three abdominal segments of the
thorax (except in barberi) and of the head conspicuously pinnately branched
or plumose; seta 1 of some or all of the first seven abdominal segments
palmately branched, forming a "fToat hair," each of these hairs consisting of
a stout short base and 12-20 laterally directed flattened branches arranged
fan-like (Figs. 65-68); abdominal segment VIII bearing a lateral sclerite
with posterior row of conspicuous pecten teeth; each plate connected to the
corresponding plate on the other side by a narrow sclerotized band encircling respiratory apparatus posteriorly but not anteriorly, thus a true siphon
as found in Toxorhynchitinae and Culicinae absent; spiracular apparatus
flush with dorsal surface, as in Dixidae, consisting of a small semicircular
anteromedian plate, a small lateral triangular plate on each side of paired
spiracular openings, and a large complex posteromedian plate; saddle not
encircling anal segment (Fig. 30).
Biology. Eggs are laid on water, separately rather than in rafts,
usually on permanent or semipermanent ponds, marshes, sloughs, or ditches,
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wherever emergent aquatic vegetation is growing. The egg is oblong, boat
shaped, pointed at each end, and somewhat pinched in at the middle, with a
flattened upper surface bordered end to end with a flange-like girdle of air
cells or "float chambers," which may be wider in the pinched-in middle
region. Eggs of Anopheles walkeri overwinter (Hurlbut 1938), but those of
the other species are believed not to diapause but to hatch within a few days
of oviposition.

Lawae of Anopheles live at the surface of semipermanent stagnant
bodies of water, where they feed on floating particles. Unlike larvae of the
Culicinae, anopheline larvae rotate their head through 180' while feeding so
that their mouthparts are uppermost and break the surface film. Anopheles
larvae are also capable of "grazing," in the same way as culicines, on food
particles too large to swallow, either at the surface or on the bottom. A
detailed account of their feeding anatomy and behavior is given by Schremmer (1949). Larvae grow rather slowly, requiring a couple of weeks to reach
maturity, even in midsummer.
The pupae of nearctic Anopheles have been described and illustrated by
Penn (1949), and those of the northeastern USA by Darsie (1949).

Adult females usually become active and seek blood in the early
to be active throughout the night. They live a

evening, and then continue

long time and are surprisingly fecund; Aitken (1945) recorded a female of
punctipennis that laid five batches of eggs, for a total of 500 eggs. O'Rourke
(1959) implied that quadrimaculatus could lay as many as 10 batches of
eggs, with up to 200 in a batch. Mitchell (1907) obtained 1569 eggs in six
ovarian cycles from a single female of punctipennis in Louisiana. All the
species in Canada have more than one generation during the growing
season. but in the north earlei is univoltine because of the shortness of the
season.
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Key to the species of Anopheles of Canada-adults

l. Wing

scales evenly distributed, not aggregated into spots; scutal setae brown,
rather long, erect, with those of acrostichal and dorsocentral rows each confined
to an irregular single row; aedeagus lacking terminal spines (Fig.51); outer
..barberi
.
claspette lobe with three overlapping flattened setae (Fig. 58)
Wing scales denser in some areas than others, forming a pattern of spots; scutal
setae yellow, short, fine, curved, with those of acrostichal and dorsocentral rows
arising haphazardly over a relatively wide area, especially on posterior half of
scutum; apex of aedeagus with three or four pairs of divergent spines (Figs. 52,
53); setae of outer claspette lobe pointed, or if blunt, no more than two present
(Fig. se)
. .... .... ......2
2. Wing mostly dark scaled with some creamy yellow scales either, as part of fringe
at wing apex or forming a pattern of light spots (Figs. 47, 48); aggregations of
dark wing scales dense, conspicuous; outer claspette lobe with one or two
..3
.
sharply pointed setae, usually single (Fig. 59)
Wing entirely dark scaled (Figs. 49, 50), although fringe scales of apex may
appear paler because of bluish iridescence in some lights; dark wing spots small
and vaguely defined; outer claspette lobe with two setae, rounded apically (Fig.
60) (except in freeborni of British Columbia, which cannot be readily distin..............4
guished from earlei or punctipennis by terminalia alone)
3. Wing with a crescent-shaped spot of cream-colored fringe scales on wing tip
between apices of R, and Ro*r (Fig. 48), and with pronounced dark spots of
aggregated dark scales, especially on radial sector; ninth tergal lobe of male
usually dilated apically, with a somewhat triangular apex (Fig. 54).............earlei
Wing with several cream-colored spots: the largest spot U-shaped, situated at the
anterior wing border between the end of the subcosta and the bifurcation of
Rr*r; the second spot narrower, V-shaped, also situated at the anterior border
near the wing apex; each spot including a portion of the costa, R,, and Rr*, (or
in the more distal spot, R, and Rr) (Fig. 47); remaining wing veins, especially
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47-50.

Dorsal view of wing of Anopheles species: 47, punctipennis; 48, earlei;
49, walkeri; 50, freeborni.

Figs.
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on anterior half of wing, thickly and rather uniformly dark scaled; ninth tergal
.. .... . punctipennis
lobe of male attenuated (Fig. 55) .
4. Occurring only in central British Columbia; scutum of female with fairly well
defined acrostichal and dorsocentral gray pollinose stripes, coalescing on posterior half (as in earlei\; setae of outer claspette lobe sharply pointed; ninth
tergal lobes of male rather long, parallel-sided, widely separated from one
... . .. .freeborni
another (Fig. 56) .. ...
Occurring east of Alberta (except for a specimen of walkeri supposedly from
Vancouver Island); scutum of female dull brown with scarcely any pollinose
pattern when viewed from above; setae of outer claspette lobe flattened with
iounded apices (Fig. 60); ninth tergal lobes of male smaller, narrower' enlarged
. . .. .. . . 5
apically, closer to each other (Fig. 57)
5. Iniersegmental joints of palpus accentuated with whitish scales; scutum dull,
reddish to dark brown; aedeagal spines without basal serrations; claspette lobes
strongly oriented dorsoventrally, with spines appearing superimposed over one
another: outer (dorsal) lobe shorter than inner (ventral) Iobe .... .. . . ... ...walkeri
Palpus uniformly brown scaled; scutum paler, medium sandy brown; some
aedeagal spines with basal serrations; claspette lobes oriented more side by side,
with spines readily visible; outer and inner lobes about equal in length (Fig'
60)

....

............quadrimaeulatus

sA
\

52

U,l

DAr0erl

punclipenn

freeborni

punclrpennls

earlel

barberi

quadrimaculatus

s

quadrimaculatus

puncilpeffrs

Figs. 5l-60. Dorsal view of Anopheles species:
tergum of male; 58-60, claspette lobes.

quadrimaculatus

5l-53,

aedeagus; 54-57, ninth
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Key to the species of Anopheles of Canada-fourth-instar
larvae
l. Head

setae short and simple; upper lateral setae
segments IV-VI

6-IV to 6-VI on abdominal

plumose...................,
.............barberi
Head setae 5-C to 7-C long, plumose; upper lateral setae 6-IV to 6-VI on
segments IV-VI branched from base but not plumose...
................2

2.

Basal tubercles of inner clypeal setae 2-C separated from each other by a
distance at least as great as their own diameter (Fig. 61, a, b); setae 2-C

parallel......

divergent or
...................quadrimaculatus
Basal tubercles of inner clypeal setae 2-C closely approximated, almost touching

each other (Figs. 62-64); setae 2-C parallel or convergent
.... ......3
Abdominal setae 2-IV and 2-V of segments IV and V each single; abdominal
setae 0-II to 0-VII branched (visible only under compound magnification) (Fig.
65); apex of inner clypeal seta 2-C minutely plumose (visible only under
compound magnification) (Fig. 63)... .
..........walkeri
AMominal setae 2-IV and 2-Y multiple; abdominal setae 0-II to 0-VII each
single (Fig. 66); inner clypeal seta 2-C either simple or with Y-shaped apical
fork (one branch may be shorter than the other, somewhat resembling that of
walkeri) (Figs. 62, 64)
................................4
4. Branches of abdominal seta 1-II ("float hair") of segment II hair-like, not
flattened into "leaflets" (best seen under compound magnification) (Fig. 66);
apex of inner clypeal seta 2-C usually forked (Fig. 64, a), sometimes with
unequal branches (Fig. 6a, b), occasionally simple (a rare specimen may be
3.

punclipennis)
. .

simple on both sides, thus resembling
.................earLei
Branches of abdominal seta 1-II of segment II each flattened, blade-like (Figs.
.............5
67,68); inner clypeal seta 2-C simple (Fig. 62).
5. dbdominal segments IV-VII with middorsal circular sclerite only (Figs. 65-67);

antennal seta l-A usually arising at or before basal one-quarter of shaft
(Freeborn and Bohart 1951); southwestern British Columbia (Fraser Valley)
and central and Eastern

Canada..........

.punctipennis

A pair of small circular sclerites on posterior half of dorsum of abdominal
segments IV-VII (Fig. 68); antennal seta l-A usually arising beyond basal
one-quarter of shaft; central British Columbia (Okanagan Valley, B.C.,

only)..............
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Plate

l;Map

2

Anopheles barberi Coquillett, 1903b;3 10.

Adult. Female: A small unmarked species; palpus brown-scaled,
slender throughout, with the second palpomere lacking raised scales (that
are present in other species) and thus not apparently any broader than third
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examined,

Collection localities for Anopheles barberi in Canada:
literature records.

t

. specimens we

or fourth palpomeres; proclinate setae and scales of vertex few, sometimes
only one br two; erect forked scales of occiput yellow; scutum-medium
brown, subshining; acrostichal and dorsocentral setae brown, rather long,
erect, few in number, with narrower rows and correspondingly broader bare
areas than the rows and spaces in other species; spiracular bristles few,
sometimes absent; scales of wing veins brown, uniformly distributed along
veins, not aggregated into spots.

Male: Last two palpomeres inflated but with few scales along lateral
and medial edges; erect forked occipital scales yellowish medially, brown
laterally; ninth tergal lobe scarcely evident; aedeagus without apical spines
(leaflets); outer lobe of claspette with three broad flattened setae; inner lobe
of claspette with two narrower flattened S-shaped setae and one straight
cylindrical seta.
Larva. Easily recognized, not only because of its short unbranched
head setae and the plumose upper lateral setae of segments IV-VI, but by
barberi is the only Anopheles larva in Canada
its presence in tree holes.
that occurs in such a habitat.

L

Remarks. A species distinctly different in several respects, especially
in larval structure, from the other species of Anopheles in canada. A.
barberi was at one time placed in another genus, Coelodiazesis Dyar &

Knab. Recent authors do not recognize this taxon even as a subgenus, but
it is worth mentioning that barberi
Anopheles.
position
subgenus
in
the
occupies an isolated

from a phylogenetic point of view

Biology. Larvae of A. barberi have been found almost exclusively in
rot cavities of trees (smith and Trimble 1973) and rarely in artificial
containers (Jenkins and Carpenter 1946). The species overwinters in the
larval stage, probably in the second instar (Matheson 1944). In the Ottawa
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area, first instars collected in August slowly progress to the second instar,
then cease development. In mid-April, collections are still only second
instars. In Mississippi and Minnesota, only early instars are collected during
the winter (Peterson and Smith 1945, Price and Abrahamsen 1958). How-

ever,

in

Tennessee,

all instars overwinter (Breeland et al. 196l).

Snow

(1949) found that second instars can survive long periods surrounded by ice.
In Ontario, larvae of barberi are occasionally unassociated with other
species; usually, however, larvae of Aedes hendersoni, A. triseriatus, and
Orthopodomyia spp. are also present (Smith and Trimble 1973). Besides
filter-feeding in the usual way, larvae of barberi are said to be predaceous
on other mosquito larvae (Dyar and Knab 1905b, Petersen et al. 1969) and
ceratopogonid larvae (Baker I 935).

Larvae can be present throughout the summer (Smith and Trimble
1973), which indicates that there are at least two generations. Larval
development is rather slow, requiring a month to reach maturity in both
spring and summer (Horsfall 1955). At Perth, Ont., tree holes in which
barberi larvae were not found in early spring nevertheless supported larvae
during the summer. Perhaps only certain cavities are suitable as overwintering sites.
Females are timid biters, taking a small amount at a time, even if
undisturbed (Thibault l9l0). Although they have been experimentally
infected with malaria Plasmodium vivax and shown capable of transmitting
it (Horsfall 1955), they are too uncommon to be of any importance.

Distribution. Eastern North America. from Minnesota and New
Mexico east to Quebec and Florida.

Anophel es ear I e i Vargas
Plate 2; Figs. 48, 54, 64, 66; Map

3

Anopheles earlei Yargas, 1943a:9.

Anopheles maculipennis.'Hearle (1927a) and other authors, not
Meigen.
Anopheles maculipennis occidentalis (in part): Aitken (1945).

Adult. Female: Palpus entirely brown-scaled; vertex white-scaled,
contrasting with dark-scaled occiput; scutum brown, sparsely gray pollinose
(usually greasy, especially specimens collected in the fall), appearance
changing with direction of observation, for example, when viewed from
above, entire median region between outer edges of dorsocentral band
appearing grayish except for a narrow darker stripe between dorsocentral
and acrostichal setae, but when viewed laterally, the sublateral and lateral
areas appearing gray; a few setae on middle bf anterior edge of scutum
usually somewhat whiter than the surrounding setae; scales of fringe at apex
of wing between apices of R, and Ro*, creamy white, contrasting with
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Collection localities for Anopheles earlei

in

Canada: o specimens we

examined, ^t literature records.

remaining dark scales of wings, which are strongly aggregated to form
conspicuous spots, as outlined in generic description; a conspicuous spot on
Rr*, at point of bifurcation of Ro*r.

Male: Coloration as in female; dark spots on wings much less prominent than in female because of reduced scaling and therefore cannot be as
readily used as in female for distinguishing this species from quadrimaculatus and, freeborni,' apex of wing with spot of cream-colored scales;
ninth tergal lobe with expanded foot-shaped apex.
Larva. Inner clypeal setae 2-C almost contiguous at base, convergent
apically, usually with a Y-shaped forked apex, often one forked, the other
not, occasionally neither forked, although a minute side branch sometimes
present; head setae 5-C to 7-C long, strongly plumose; abdominal setae 2-IV
and, 2-Y multiple; abdominal setae 0-II to O-VIII single; dorsolateral seta
1-II multiple, its branches each hair-like, not flattened dorsoventrally.
Remarks. Previous authors have implied that the common species of
Anopheles across most of Canada is earlei and that occidentalis occurs in
British Columbia (Pratt 1952, Carpenter and LaCasse 1955, Curtis 1967).
These authors distinguished adults of the two species on the basis of whether
the scales on vein Rr*, were raised or appressed. However, Vargas (1943b,
1944) and Vargas and Matheson (1948) clearly stated that the adult of
occidentalis could be distinguished from earlei by the absence of scales on
Rr*, between the basal dark spot of dense black scales and the bifurcation of
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R, and Rr. These authors apparently did not point out that the scales are
lacking only on the upper side of the vein. In a series of l0 males and 25
females of occidentalis, all in good condition, in the U.S. National Museum,
from Stanford University, Calif., the type locality of occidentalis, the
central portion of Rr*, was invariably devoid of scales on the upper side, but
the lower side was fully scaled. These latter scales, however, were small,
broad, and closely appressed to the vein, identical with the scales on the
underside of the same vein in earlei, but unlike the long slender divergent
scales on the upper side of the vein in earlei. Because the wing is transparent, scales on the underside can be seen easily from above; therefore, when
examining the wing, avoid direct light and use reflected light. In their key to

Anopheles females, Carpenter and LaCasse (1955, p, 29, couplet 8) probably mistook which side of the wing had the. closely appressed scales, and
did not mention that separation should be made on the basis of the presence
(earlei) or absence (occidentalis) of scales on the upper side of the middle
portion of Rr*r.

Myklebust (1966) recorded occidentalis from six counties in the state
of Washington, but records from the interior of the state were later changed
to earlei (Gjullin and Eddy 1972). OnIy one other record from Washington
remained, Dyar's (l9l7b) original record from Whatcom Co., just south of
the B.C. border. This record was based on some larvae that were neither
reared nor carefully studied and were only suspected of being occidentalis.
Dyar and Knab's (1906r) cotypes from Revelstoke, B.C., which we could
not locate, are surely earlei. We have not seen any Canadian specimens that

could be occidentalis, and we assume that Pratt's (1952) map showing
occidentalis distributed over most of British Columbia and southern Alaska
was purely supposition based on Dyar and Knab's mixed type series.
Anopheles occidentalis appears to be confined to Oregon and California.

Biology.

Females of earlei overwinter in buildings

(Mclintock 1944),

caves (Price et al. 1960), and mammal burrows (Shemanchuk 1965). Beaver
lodges, where we have found earlei resting during the summer, are also

potential hibernating sites, as well as hollow logs and trees. The female
hibernates as a nonblood-fed nullipar (that is, never having laid eggs) and

to bite on the first warm days of mid-April at Ottawa, but not
until late May in Alaska (Frohne 1951). In the north, the summer season is
too short for a second generation, and therefore Frohne (1956) believes that
earlei is univoltine in Alaska. Graham (1969b) found newly emerged
females in late June and again in late July in central Alberta, which
indicates two generations, but he thought that earlei could be univoltine in
some years. At Ottawa, larvae can be found from June to September, and
three or more generations may be customary. During the summer, however,
fewer adults are present. Rempel (1950) reported that the species is rare on
open plains, but more common in northern wooded areas.

comes out

Happold (1965a) observed mating swarms in mid-September in north
central Alberta; after sunset one swarm formed I m above ground over a
Stevenson screen. Rozeboom (1952) succeeded in getting males of earlei

from Montana to mate in cages of I I dm3. However, because males from
Alaska would not mate in any of the cages tested, Frohne (1956) speculated
that the Alaskan Anopheles might be the Eurasian maculipennis Meigen
rather than earlei.

Distribution. North America, from Alaska and Washington east to
Newfoundland and Massachusetts.

Ano ph el es lr eebor

n

i Aitken

Plate 3; Figs. 50, 56, 68; Map 4

Anopheles maculipennis spp. freeborni Aitken, 1939:192.
Anopheles quadrimaculatus: Hearle (1927a) and many authors before
1939 (see Aitken 1945:296), not Say.

Adult. Female: Scales of the fringe at apex of wing dark, although
paler and iridescent in some light, never creamy yellow as in earlei; scales in
midsection of R2+3, adjacent to base of Ro*r, not as densely aggregated,
especially not along anterior edge of vein, as either of the other three spots
on the radial sector (in earlei, the midsection has a prominent spot of
aggregated scales); otherwise similar to earlei and distinguished from
quadrimaculatus by its more pollinose scutum (the midsection of Rr*, in
quadrimaculatus wually lacks an aggregation of scales) and its occurrence
in British Columbia"

Male: Coloration as in female, perhaps somewhat paler; wing spots
almost nonexistent, with the one at base of R. being most noticeable; ninth
tergal lobe long, slender, straight, extending (in unmounted terminalia) to
apex of claspette; outer lobe of claspette superimposed over inner lobe, each
with one or two long slender pointed setae; aedeagus with apical spines.
Larva. No reliable

characters have been found

to distinguish

this

species from punctipennis. Our few records suggest the two species may be

allopatric, overlapping only in the Kamloops-Vernon area. Freeborn and
Bohart (1951) found that in most larvae of freeborni the antennal seta l-A
arises beyond the basal one-quarter of the shaft, but our material is
insufficient to be conclusive. Dodge (1963) mentioned the presence of a pair
of small circular sclerites on the posterior half of the dorsum of abdominal
segments

IV-VIL

Biology. Adult females overwinter in various sites, such as atlandoned
buildings (Beck 1961), abandoned mines (Chapman 1961), root cellars

(Gjullin and Yates 1945), talus slopes and marmot burrows, especially when

they are among rocks or at the base of a cliff (Harwood 1962), woodrats'
nests (Ryckman and Arakawa 195 l), and both natural and artificial rock

piles 3G-90 cm deep (Rush et al. 1958). These authors also found males in
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Collection localities for Anopheles freeborni in Canada:
a literature records.

.

specimens we

overwintering sites in early fall, but as winter progressed males were no
longer recovered. In early spring, females actively seek blood and they are
most noticeable then; thereafter, females of the summer generation are less
often seen (Portman 1954), probably because of the greater number and
variety of hosts available.
Larvae (identified as occidentalis) in association with punctipennis and

earlei were reported from pools and sloughs formed by creeks, large
marshes, and irrigated pastures in Washington (Gjullin and Yates 1945).
Rice fields are an important breeding site in California (Portman 1954).
Larvae tolerate some salinity, and they are usually found at sites that have
emergent vegetation (O'Rourke 1959).

Oviposition takes place while the female is either hovering over the
water or resting on it (Wallis 1954a). Water containing a concentration of
upto 5Vo NaCl is acceptable to ovipositing females, but is avoided when it is
over 6Vo.

Burgess (1948, 1955) obtained some viable eggs from a cross between
freeborni and punctipennis, but not from a cross between freeborni and

quadrimaculatus.

Distribution. Western North America, from south central British
Columbia south to California. Texas. and northern Mexico.

80

An oph el es pu nct i pen nis (Say)
Plate 4; Figs. 47, 52, 55,59,62,67;Map

5

Culex punctipennis Say, 1823:9.
Culex hyemalis Fitch, 1841:281.

Adult. Female: Palpus dark-scaled; second palpomere with somewhat erect and shaggy scales, making the segment appear broader; reclinate
setae and scales of vertex white; erect forked scales of median area of
occiput pale, contrasting with darker scales laterally; scutum similar to
earlei, but with slightly denser and more conspicuous gray pollen: wing
predominantly dark-scaled, with diagnostic pattern of cream-colored scales
forming two large distinctive spots and several smaller more variable spots
as follows: a large wedge-shaped spot involving the costa, R,, and Rr*,
between the apex of the subcosta and the bifurcation of R, and Rr; a
narrower wedge-shaped spot near the apex of the wing including the costa,
the extreme apex of R,, the apical one-quarter of Rr, and a small middle
portion of Rr; a small spot at the apex of Ro*r, which usually also extends to
include the fringe of the wing; one or two spots (sometimes combined) on M
proximal to the crossvein r-m; another spot just distal to the crossvein r-m;
one in the middle third of each of M, and Mr; and another in the middle
third of A.

Male:

Coloration as

in

female; wing pattern, though not as pro-

nounced as in female, equally distinctive and characteristic; ninth tergal
lobe slightly broadened and rounded apically; outer claspette lobe with one
straight, flattened, sharply pointed seta; inner lobe with one similar flattened seta and one slender cylindrical seta; apical spines of aedeagus with
basal serrations.

Larva. Inner clypeal setae 2-C closely approximated basally

and

convergent apically; larvae not always distinguishable from those of freeborni (characters for separation are given under freeborni).

Biology. Adult females overwinter as blood-fed nullipars in the same
of niches as were described for earlei and freeborni. The females

types

emerge in early spring to take a blood meal and to develop and lay a batch
of eggs. The life cycle appears to be the same as that of earlei andfreeborni,
with two or three generations annually. Larvae of punctipennis are usually
associated with those of quadrimaculatus, walkeri, and earlei, wherever

their distributions overlap, and in the western USA with freeborni. In
simulated natural environments, punctipenrzis bred in pools containing
floating debris, emergent vegetation, or no vegetation, but they avoided

pools that were covered with duckweed (Furlow and Hays 1972). Larvae of
punctipennis have been found in rock pools associated with Aedes atropalpus, Culex territans, and C. restuans in southern Ontario (James 1964) and

have occasionally been collected

in tree holes and artificial

containers

(Dorsey 1944). James (1964) collected larvae as late as l0 Nov. in Ontario.
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Collection localities for Anopheles punctipennis in Canada: o specimens we

examined,

a literature records.

In Nebraska, larvae were collected in brine seepage pits from oil wells that
were high in concentration of inorganic salts (Rapp 1960). Breeland et al.
(1961) gave a detailed account of the biology of punctipennis in Tennessee.

Distribution. North America, from southern British Columbia, southern Manitoba, and southeastern Canada south throughout the USA to
northern Mexico.
An

o

ph el es

qu

ad r i m ac

u/atus Say

Plate 5; Figs. 10, 12,13,53,57, 60, 61; Map 6

Anopheles quadrimaculatus Say, 1824:356.
Anopheles annulimanus Wulp, I 867: 129.

Adult. Female: Palpus entirely

dark-scaled; upper occiput and

scutum sparsely grayish brown pollinose, scarcely visible when viewed from
above, at least insufficient to form the pattern characteristic of earlei and
freeborni; scutal vestiture of yellow setae, slightly longer and less dense than
in walkeri; wing scales entirely dark, with spots (of aggregated scales)
weakly defined, those on midsection of R2+3 (at origin of Ro*r) usually not
distinct.

Male:

Palpus entirely dark-scaled, but the scales appearing paler in
of bluish iridescence; scutum medium brown, sparsely
grayish brown pollinose medially when viewed from above; scutal setae
longer and sparser than those of walkeri; lobes of claspette aligned more
side to side than inwalkeri, with setae more readily visible; outer lobe with
two flattened setae, rounded apically as in walkeri; inner lobe with two
flattened, sharply pointed setae and one more slender cylindrical third seta
arising medially; outer and inner claspette lobes almost equal in width;
spines at apex of aedeagus with serrations at their bases.

some lights because

Larva. Inner clypeal setae 2-C divergent apically and not as closely
approximated at base as in other species, with basal tubercles of each seta
separated from each other by a distance equal to the width of one tubercle;
abdominal setae 0-II to 0-VII on segments II-VII single (as in earlei, but
not walkeri); each branch of dorsolateral seta l-II (float hair) flattened and
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Collection localities for Anopheles quadrimaculatus in Canada:
a literature records.

mens we examined.

'

speci-

expanded; abdominal seta 2-IV single to triple (usually single in specimens
from southern USA); seta 2-V single or double.

Biology. Anopheles quadrimaculatus, like barberi, is at the edge of
its range in Ontario and Quebec. It is the least common of the four largest
marsh-breeding species in Canada, and data on its biology at this latitude
are lacking. In the eastern USA, however, it is one of the most common
species of Anopheles, and because of its importance as a pest and its ability
to transmit human malaria, it has been extensively studied' Horsfall (1955)
gives a thorough review of the extensive literature on this species'
In the USA and presumably also in Canada (O'Rourke 1959), the
female overwinters in hollow trees, barns, cellars, caves, and similar protected niches (Breeland et al. 196l). Winter may reduce the population
severely; Peterson and Smith (1945) remarked that"a comparatively small
number of. . . females" was all that carried the species through the winter,
even as far south as Mississippi, and Headlee (1945) found a high mortality
among hibernating females in New Jersey.

Data on the role of egg development of quadrimaculatus (Huffaker
1944) indicate that development is extremely rapid at high temperatures,
about 33 hr at 33"C compared with almost 500 hr at l0oC. Horsfall (1955)
found that eggs can withstand a week or more of drying and their development in the southern USA is greatly retarded during the winter. However,
retardation would not be sufficient to carry the eggs over a Canadian winter,
and an egg diapause such as has been demonstrated for walkeri has
evidently not been discovered.
Larvae of quadrimaculatus have been collected as early as June at
London, Ont. (Judd 1954). Larval development takes about 3 weeks at
85

23"C (Bradley and Fritz 1945).In the laboratory, the fastest development
occurred at 31"C, when larval and pupal development together took only 7.6
days, but this would never occur under Canadian conditions. Larvae are
tolerant of high salinity and are commonly found in salt marshes in New
Jersey (Chapman 1959). Inland they have been found in various habitats,
but in Ontario they occur along the marshy edges of rivers, in association
with farvae of the other three marsh-breeding Anopheles (Wishart and
James 1946).
Females hide in dark places during the day, and this predilection has
been exploited for sampling the population by setting up empty wooden
containers, such as nail kegs, with the opening downward, at strategic
positions (Snow 1949). As infreeborni, females land on water to drink and
also to lay their eggs, either while standing on the surface or when in flight
(Wallis 1954a). Ovipositing females avoid water containing a concentration
of higher than 57o NaCl.

Distribution.

Eastern North America, from North Dakota and Texas

east to Maine and Florida.

Anopheles

w al k

er

i Theobald

Plate 6; Figs. 49, 63, 65; Map

7

Anopheles walkeri Theobald, l90l a:199.

Adult. Female: Palpus mostly dark-scaled except for a narrow ring
of whitish scales at apices of second, third, fourth, and fifth palpomeres, and
a few whitish scales also at bases of third and fourth palpomeres; upper
occiput rather conspicuously gray pollinose, with forked scales pale to dark
brown; scutum, when viewed from above, appearing dull reddish brown to

dark brown with scarcely any pollinosity showing; vestiture of scutum rather
dense and woolly, of short yellow recumbent setae; wing scales entirely dark,

with spots (of aggregated scales) even more obscure than in

quad-

rimacu.latus, usually absent on midsection of Rr*, (at origin of Ro*r).

Male:

Second palpomere usually with

apex; scutum

at least a few white scales at

dull reddish brown (similar to Culex), with short yellow

somewhat recumbent setae; lobes of claspette aligned more dorsoventrally
than in other species, so that setae of outer lobe are almost superimposed on
those of inner lobe; outer lobe with two flattened, apically rounded setae;
inner lobe with three sharply pointed setae, two flattened and the third more
slender and cylindrical arising from ventral surface of inner lobe; inner lobe
somewhat longer than outer lobe; spines at apex of aedeagus without
serrations.

a darker species than quadusually occurs and is most easily mistaken, this

Remarks. Although consistently
rimaculatus, with which
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Map

7.

Collection localities for Anopheles walkeri in Canada:

.

specrmens we

examined, A literature records.

color difference can only be appreciated by comparison with known material. Hence the only reasonably reliable character for recognizing walkeri
is the banded palpus, which is fortunately more obvious in the female than
in the male. Some males have scarcely any white scales at the intersegmental junction between the second and third palpomeres, and none on more
distal palpomeres, so they can only be separated from male quadrimaculatus, without reference to the terminalia, by the more reddish and
less pollinose scutum with its shorter woollier vestiture.

Biology. Anopheles walkeri is the only species of the genus in North
America known to overwinter in the egg stage, at least in the northern part
of its range. Eggs laid near the end of August at Ithaca, N.Y., were larger
and of a different shape from those laid earlier. These larger eggs did not
hatch until subjected to a lengthy period of cold conditioning, and were
called "winter eggs" by Matheson and Hurlbut (1937). These eggs are
capable of withstanding temperatures as low as -21"C for 72 hr (Peters
te43).

Larvae have been collected in various habitats, usually in association
with the other three marsh species, but they are more commonly found in
ponds with stable water levels that are overgrown with cattails and other
emergent vegetation (Matheson and Hurlbut 1937, Peters 1943).

Adult females show a greater predilection to light than do those of
quadrimaculatus (Bradley and King l94l cited by Horsfall 1955). During
the day females rest in vegetation near their breeding grounds, rather than
seeking secluded quarters, and therefore cannot be collected in the same
manner as females of quadrimaculatus (Snow and Smith 1956). They
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occasionally bite during the day if they are disturbed, but they are mainly
nocturnal. They are usually the most common Anopheles during summer in
southern Ontario.

Distribution. Central and eastern North America, from Saskatchewan and Texas east to Nova Scotia and Florida. Ozburn (1945) recorded
walkeri from Esquimalt, B.C., the only record west of the Rocky Mountains
in North America. The specimen, a female in the Canadian National
Collection, Ottawa, has white-banded palpi and appears to be correctly
identified, but it may not be correctly labeled as to locality' We have
decided to consider it mislabeled until additional specimens can be found in
British Columbia to substantiate the record.
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Su bfami ly

Toxorhynchiti nae

The smallest of the three culicid subfamilies, Toxorhynchitinae contains only one genus, Toxorhynchites, a mainly tropical group of exceptionally large mosquitoes that reaches its northern limit in the New World at
Point Pelee, Ont., in the southernmost part of Canada (Parker 1977). The
diagnosis of the genus, which follows, thus applies also to the subfamily. A

further division of subfamily and generic characters may be found in
Edwards (1932, p. 58) as the genus Megarhinus Robineau-Desvoidy. No

other mosquito in Canada is so large or so vividly colored with metallic blue
green and purple scales.

Genus Toxor hynch ites Theobald

Adult.

Integument dark brown; head and body extensively covered
with ovoid, flattened, closely appressed metallic scales; eyes contiguous
dorsally; postocular setae confined to vertex; erect forked scales confined to
posterior margin of upper occiput; first flagellomere twice as long as second
flagellomere in male, one and one-half times as long in female; clypeus
trapezoidal, wider than long, widest along rather straight anterior edge;
proboscis thickened basally, uniformly tapering to long, slender posteroven-

trally recurved apex; palpus of male longer and stouter than proboscis, and
curving dorsally at about the same level as proboscis curves ventrally, with
fifth palpomere long, slender, tapering to pointed apex; palpus of female, in
most species of the New World, straight, with fifth palpomere minute,
hidden within apical scales of fourth palpomere, therefore appearing only
4-segmented; palpus of both sexes with at most a few short, scattered
spine-like setae; anepisternum narrowed, compressed between postpronotum
and katepisternum, bare except for spiracular setae; paratergite enlarged,
triangular; scutum almost devoid of setae except for a dense crescent-shaped
fringe above wing base; posterior edge of scutellum rounded, with a uniformly distributed row of setae; wing long, narrow, thinly scaled; cercus of
female small, rounded, not exserted; male terminalia small, with gonocoxite
lacking apical lobe, but with a few inner basal spines; gonostylus rather
straight, folded mediodorsally, terminating in a short spine-like seta; claspette absent.

The one Canadian species, along with all but three of the New World
species placed in the subgenus Ankylorhynchus Lutz, belongs to the subgenus Lynchiella Lahille. The subgenus Toxorhychites, with palpi in the
female shorter than in the male and apparently consisting of only two
segments, occurs only in the Old World.
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Larva. Very large, up to 15 mm long; head subquadrate, about as
wide as long; labrum strongly notched in middle of anterior margin; labral
brush bases raised and prominently extended anteriorly; labral brush consisting of about l0 stout, curved, flattened setae, each concave anteriorly;
head setae inconspicuous; larval eye prominent but adult compound eye not
evident; thoracic and abdominal setae short plumose, most major setae
arising from sclerotized tubercles or "islets"; thoracic setae rather short,
with some major setae spike-like; abdominal segment VIII with roughly
circular plate giving rise to two minute branched setae dorsally and two
longer spike-like setae ventrally; siphon short, with siphonal seta 1-S near
base but without pecten teeth; saddle completely encircling anal segment;
saddle seta 1-X spike-like.
T

ox

or

hy nch ites r ut
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s (Coquillett)

Plate 7; Figs. 2l, 32, 33; Map

8

Megarhinus rutilus Coquillett 1t196:44.
Megarhinus septentionalis Dyar and Knab l9o6d:294.
Toxorhynchites rutilus and septentrionalis are now considered subspecies; the nominal subspecies T. rutilus rutilus, with a white band on the fore
tarsus of the male, is confined to the southeastern USA. The more northerly
populations, including the Canadian specimens, belong to T. rutilus sep'
tentrionalis and they lack the white band on the male fore tarsus. Females
and larvae of the two subspecies have not been distinguished.

Adult. Upper third of occiput metallic blue scaled, lower two-thirds
yellow-scaled; pedicel and clypeus pale gray pollinose; second and third
palpomeres predominantly yellow-scaled, remaining palpomeres and proboscis mostly metallic purple scaled; postpronotum blue-scaled; median and
lateral bands of scutum yellow-scaled, remainder dull metallic blue scaled,
which may in some lights appear dark brown; pleura and coxae yellowscaled; femora mostly yellow-scaled; in male, second and basal half of third
tarsomeres of forelegs and midlegs and fourth hind tarsomere and in female,
second to fourth tarsomeres including forelegs and midlegs and fourth and
fifth tarsomeres of hind leg silvery white scaled, with all other legs purplescaled; abdomen metallic blue green scaled above, yellow-scaled laterally
and ventrally.
Larva. An unmistakable species in all four instars. Easily distinguished from all other species by the peculiar labral brushes, whose few
strong stiff setae remain tightly pressed together, curving anteriorly away
from the mouth rather than posteriorly as in all other mosquitoes. In
addition, the short spike-like setae on thorax, abdominal segment VIII, and
saddle are peculiar to Toxorhynchites. The only other Canadian culicid for
which it might be mistaken, Psorophora ciliata, occurs in ground pools and
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Collection localities for Toxorhynchites rutilus in Canada: A literature

records.

has regular labral brushes and a much longer siphon with a row_ of pecten
teeth. the larva of the large chaoborid Eucorethra underwoodi Underwood
is also superficially similar, but occurs only in ground pools and lacks a fully
developed siphon.

Biology. only two larvae of T. rutilus have been found in canada, in
in a red oak in Point Pelee National Park, Ont. (Parker
a large ,oi
"uuity
usually inhabits rot holes in various hardwoods, but it
species
The
lgii\.

water
has also been collected from artificial containers and even from the
The
1955).
Lacasse
and
(carpenter
contained in leaf bases of bromeliads
tree-hole
other
of
larvae
the
on
feeding
usually
predaceous,
laruae are
triseriatus and hendersoni,
-orfuitoer,'such as Or:thopodomyia spp., Aedes
iia )nopn|tles barberi, as well as on adult flies and other insects captured
from the surface. Breland (1949) achieved faster development of the last
instar by introducing fruit flies into the diet, whereas larvae fed only on
mosquito larvae ofte-n remained in the last instar for several months before
pupuiing. They are also cannibalistic and known for their voraciousness; one

larva can devour over 100 smaller larvae of Orthopodomyia and Aedes
grasped by the mandibles
iguttturn et al. 1947) in 16 days. The prey is
tines are curved the wrong
whose
6rushes,
labral
ihe
not
l94g),
inietanA
way for an effective grasping structure,. The winter is passed as a last-stage
larva. In contrast wiitr t5e Iong larval life, the pupal period is of normal
duration.

Adult females do not feed on blood, but, as do males, take only nectar.
The white eggs are ejected singly onto the surface of the water while the
female hovers rhythmically up and down over the surflace (Breland 1949).

Distribution. Southeastern North America, from Illinois, southwestern Ontario, and New York south to Texas and Florida.
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Subfamily Culicinae
Although some species of Anopheles (Anophelinae) can be locally
common' most of the mosquito pests in canada belong to the subfamily
culicinae, the largest and most diverse of the three c-ulicid subfamilies.
5919 2Z genera and many more subgen era are recognized (Stone et al.
1959), including the large and important genera Aedes ind Culex.
culicines are most easily recognized by elimination, because the only
two. nonculicine genera in canada, Anopheles and Toxorhynchites, arae
distinctive and easily recognized with thi unaided eye. Female culicines
have. short palpi, less than half as long as the probotiir. Th. proboscis, in
life, is carried down, at an angle to the body axii, rather than stiaight out in
front as in Anopheles. Males of Culicinae usually have long pilpi, *ith
brushes

of long setae on the apical segments, which are not -swollin. The

scutellum of both sexes is trilobed, and the scutellar setae are confined to
the lobes. The egg is not equipped with wing-like floats as is that of
Anopheles. whereas anopheline larvae have smail heads compared with the
siz.e of the body, the culicine larval head is usuaily large and broad. All
culicine larvae have the respiratory apparatus elevated on a siphon, and
although they may feed at or near the surface whire suspended from the
surface film by the apex of the siphon, most of them feed by grazing on the
bottom or on objects in the water.

Genus Aedes Meigen

Adult. Small to large in size; female palpus short; male palpus usually
about as.long as proboscis (short only in cineieus); postoculai r"tu" nu-"rous' arising close to eye margin; occiput fully coveied with both erect and
recumbent scales; acrostichal and dorsocentral setae usually well-developed,
exceptionally so in some arctic species; spiracular setae absent; postspiracular area with setae and scales, but not as extensively covered is jn psorophora; tarsal claws usually each with a subbasal tooih of a different length;
calypter with fringe; abdomen of female tapering; cercus of female uruilly
long, slender, exserted; terminalia of male ritheilarger than those of other
genera; gonocoxite usually with elaborately setose basal lobe and rounded
apical lobe, often with tufts of setae in addition; gonostylus long, slender,
sickle-shaped, with small apical spine; claspette present, typiJally with
curved cylindrical stem bearing a single btade-like iilament tirat is usually
keeled on convex side (apex of claspetti stem with several setiform filaments
in vexans, or nothing in cinereus).
94

Larva. Head oval, usually wider than long, with rounded clypeal
margin; setae of labral brush each usually with serrate inner margin;
antenna rarely longer than length of head; antennal tuft usually arising from
near the middle; prothoracic seta 4-P short, fine, single (except in togoi);
mesothoracic seta 7-M multiple, its base usually combined with that of 6-M;
siphon with well-developed row of pecten teeth and siphonal tuft arising
near or beyond middle; saddle usually not completely encircling anal
segment.

Subgenera of Aedes
The genus Aedes in Canada has been subdivided into five subgenera.
Because the subgenera are based mainly on details of the male terminalia
and are not well marked in the iarval stage or in the female, they are not
used in this text. Aedes cinereus is the type species of the genus, and
therefore belongs to the subgenus Aedes. Aedes vexans belongs to the
subgenus Aedimorphus; togoi to Finlaya (Stone et al. 1959); hendersoni
and triseriatus to Protomacleaya (Zavortink 1972); and all the rest except

atropalpus and sierrensis b Achlerotatus. The subgeneric positions of
atropalpus and sierrensis are still unsettled. Previously both were referred
to Finlaya, but Zavortink (1972) transferred atropalpus to Ochlerotatus.
Belkin and McDonald (1957) and Zavortink (1972) placed sierrensis in
Ochlerotatus, whereas Cupp and Horsfall (1959), with the use of parasitological and cytochemical as well as morphological and behavioral evidence,
argued in favor of retaining sierrensis in Finlaya. We lack experience with
the subgenus Finlaya and cannot comment further.
Larvae of Aedes togoi and of all our species of Ochlerotatas including
atropalpus have a single saddle seta l-X, whereas in the other species this
seta is branched. Among the last-mentioned group, Aedes vexan.r and
cinereus have unevenly spaced distal pecten teeth, whereas those of sierrensis and of the two species of Protomacleaya are evenly spaced. In the males
of Ochlerotatus the hind claw has a subbasal tooth that is absent in the
males of atropalpus, sierrensis, and cantator. One of each pair of hind claws

of cantator has a tooth, the other lacks it. Hind claws of

males of

a subbasal tooth. The
hind claws of the females of Protomacleaya, as well as of cantator,
non-Ochlerotatus, sierrensis, and atropalpus lack

atropalpus, and sierrensis also lack a subbasal tooth; this tooth is present in
females of all other Ochlerotatus and in cinereus and vexans. Thus there is
no clear distinction at the subgeneric level that is common to the male, the
female, and the larva, and we have therefore not used subgenera here as we
have in Culiseta.

Key to the species of Aedes of Canada-adult females
l.

Tarsomeres ringed with bands of white scales

(Figs.69-73)

....... ..2
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tarsus of female of Aedes species.

Tarsomeres brown-scaled, without rings of white scales, although scattered white
scales can be oresent
.....L5
2. Basal four tarsomeres each with base and apex white-scaled (Figs. 69, 70)
3
Basaf four tarsomeres each with white scales at base only (Figs. 7 l-73)
. .. 9
3. Postprocoxal membrane bare (Fig. 74); wing veins (except for base of costa in
some species) entirely brown-scaled
Postprocoxal membrane with scales (Fig. 75); wing veins, especially basal
portions of vein R, with white and brown scales intermixed (dorsalis group) .....7
4. Scutum with uniformly colored narrow gold scales on a reddish brown integument; costa entirely dark-scaled
...............canedensis
Scutum with contrasting stripes and patches of gold and brown scales; costa
usually with a patch ofpale scales at base...........
.. 5
5. First (basal) tarsomere with equibroad basal and apical white bands; second and
third tarsomeres each with apical white band more than three times as broad as
basal band (Fig. 70); scales of katepisternum in two separate groups; apices of
palpus and ofpedicel ofantenna extensively white-scaIed.......................sieruensis
All tarsomeres (except apical one) with apical and basal white bands subequal, or
the basal slightly broader than the apical bands (as in Fig. 69); scales of

74\e

Figs.74,75. Left lateral view of thorax
postprocoxal area with scales.
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showins: '14, bare postprocoxal area; 7 5,
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7B cantator
76 dorsalis
77 campestris
Figs. 76-78. Tarsal claw of female of Aedes species:r76, 77, fore claw; 78, hind
claw.
katepisternum in a single large group; apices of palpus and of pedicel with few
............6
or no white sca1es..............
6. Hind apical tarsomere entirely white-scaled (as in Fig. 70); palpus entirely
brown-scaled; Eastern

Canada..........

........atropalpus

Hind apical tarsomere brown-scaled; palpus with white scales at apex; Pacific
togoi
7. Tarsal claw moderately and evenly curved (Fig. 76), the subbasal tooth (distance
r-y) short, one-third or less as long as the distance between apices of subbasal
tooth and of claw
. .. . .
....................dorsa1is

(l-t)

.

Tarsal claw strongly and abruptly bent just beyond subbasal tooth (Fig. 7'1), the
subbasal tooth (.x-y) about half as long as the distance between apices of tooth
and of claw (y-z)
8. All wing veins with pale and dark scales intermixed, the pale scales usually
predominant; scales of middorsal stripe of scutum dull yellowish brown, flanked
by paler yellowish scales
campestris
Wing veins predominantly dark-scaled, veins Rorr, M,, Mr, Mo, Cu, and A almost
entirely so; scales of middorsal stripe of scutum reddish brown, flanked by
whitish, more contrasting scales.......
.melanimon
9. Basal white-scaled bands on hind tarsomeres narrow, each band less than
. . .. l0
one-quarter as long as respective tarsomere
Basal white-scaled bands on hind tarsomeres broader, each about one-third as
....,.........................I I
long as respective tarsomere......

flavescens

Figs.

79-82.

nrqromacults

s0llrcltans

ilpailus

Dorsal view of aMomen of female of Aedes species.
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10.

Hind claw lacking a subbasal tooth (Fig. 78); lower mesepimeral setae usually
present;

first abdominal sternite with fine hair; katepisternum with

scales

extending to anterodorsal angle ..
... ... .. .. .. .. ... .cantator
Hind claw with conspicuous basal tooth; lower mesepimeral setae absent; first
abdominal sternite bare; katepisternum without scales on anterodorsal
.

ll.

.

.

.

angle..............

.....vexans

Abdominal tergites each with a median longitudinal stripe of pale yellowish
scales in addition to the basal transverse band (Fig. 80), or more or less entirely
yellow-scaled (Fig. 79)
Abdominal tergites each predominantly dark-scaled with basal transverse band
of pale scales only; pale scales, when present behind this band, scattered rather
than concentrated into a median longitudinal stripe (Fig. 82) .
..... .....14
12. Abdominal tergites almost entirely covered with pale yellow scales, except for a
pair of small bare spots on each of tergites II-VII (Fig. 79); proboscis
dark-scaled, with scattered yellow scales not organized into a discrete

band.,..,.......,..

llavescens

Abdominal tergites with lateral areas of dark scales (Fig. 80); proboscis darkscaled, usually with a more or less well-defined ring of white scales near mid
|ength .... .......
I

3.

Abdominal tergites each with a lateral patch of white scales contrasting in color
with the pale yellow scales of the transverse band and middorsal longitudinal
stripe (Fig. 81); first (basal) hind tarsomere with discrete ring of pale yellow
scales at its midlength, distinctly separated from basal white ring by dark scales
(Fig. 73); last hind tarsomere entirely white-scaled; postpronotum mostly bare,
with the yellowish brown scales confined to its upper edge; Maritime Provinces
and southwestern Ontario
.sollicitans
Abdominal tergites each with all lateral pale scales concolorous with those of the
transverse band and middorsal longitudinal stripe; pale yellow scales in middle
of basal hind tarsomere scarcely separated from the white scales of basal ring;
last hind tarsomere mostly dark-scaled; postpronotum mostly scaled, with the

yellowish brown scales occupying

on1y................
14.

its upper third; Prairie

Tarsal claw strongly bent at or before midlength, the apical portion sinuous with
a hooked apex and more or less parallel to the subbasal tooth, enclosing an
angle of less than 30' (Fig. 85a-85c); subbasal tooth about half as long as claw
beyond fork, its length (x-y) usually greater than distance (7-z) between apices
of tooth and claw.
excructans

..---

_1\
---'

84
Figs. 83,

98

Provinces

.........nigromaculis

84.

Left lateral view of thorax and abdominal segments I and II.
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excrucrans

B5c

excrucians

Fig. 85. Fore tarsal claw of female of Aedes excrucians: a, D, southern variants; c,
northern variant.

a

Tarsal claw more evenly curved, the apical portion not parallel to subbasal tooth,
enclosing an angle of more than 30" (Figs. 88-92); subbasal tooth about
one-third as long as claw beyond fork, its length (x-y) about half distance fi,-z)
between apices of tooth and c1aw................
.15
15. Lower mesepimeral setae present (Fig. 83a) mesomeron usually with a few scales
on posterodorsal corner, directed posterodorsally (Fig. 83b)
l6
Lower mesepimeral setae absent (Fig. 84a); mesomeron bare (Fig. 84b) (loose
scales sometimes adhere, but their haphazard position usuallv reveals their
extraneous origin) ...........
..20
16. Scales of pedicel all or mostly dark; scutum mostly reddish brown scaled, with
pale scales confined to dorsocentral and lateral stripes (Fig.
17

86)

.

Scales of pedicel mostly white; median and submedian stripes of scutum brownscaled, forming single middorsal dark stripe contrasting with pale-scaled sublateral and lateral areas (Fig. 87)
18
17. First abdominal sternite usually densely clothed with pale scales and hairs (Fig.
83c); intermediate palpomeres with complete basal white-scaled rings; proboscis usually entirely dark-scaled; tarsal claw smaller, more evenly curved beyond
subbasal tooth, distal portion not thickened (Fig. 88); Saskatchewan west-

ward...............

....

...jncrepitus

First abdominal sternite bare (Fig. 84c); intermediate palpomeres with scattered

pale scales; proboscis with scattered white scales; tarsal claw larger, more
strongly bent and slightly thickened between bend and apex (Fig. 89); Manitoba
eastward, possibly also Saskatchewan
stimulans

strmulans

Figs. 86,

87.

metc!ra10t

Scutum of female of Aedes species.
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jitchii

Fore tarsal claw of female of Aedes species.

Wing entirely dark-scaled; dorsal brown-scaled area of postpronotum half as
large as ventral pale-scaled area; scutum with dark brown middorsal stripe
flanked by pale yellow scales of sublateral and lateral stripes; third fore tarsal
segment without complete white basal ring, although a small spot of white

18.

scales may be present ventrolaterally

mercurator

Wing usually with scattered pale scales intermixed with the predominant dark
scales; dorsal brown-scaled area of postpronotum as large as or larger than
ventral pale-scaled area; scutum with reddish brown middorsal stripe flanked by
whitish-scaled sublateral and lateral stripes; third fore tarsomere with complete
basal white ring ... ............
.... . . 19
19. Wing scales large, broad, somewhat triangular in outline, about half as wide as
long and usually truncate at apex; pale and dark scales evenly scattered over all
wing veins
....grossbecki
Wing scales much narrower, one-third or less as wide as long, usually rounded
apically; pale scales more numerous on veins C, Sc, and Rr ......,............ .fitchii
20. Tarsal claw relatively long, not strongly curved (Fig. 90), with short subbasal
tooth not more than one-fifth total length of claw; angle between claw and
subbasal tooth 45o or more
2l
Tarsal claw shorter, more strongly curved (Figs.90,9l), with longer subbasal
tooth one-quarter or more total length of claw; angle between claw and subbasal
tooth 40o or less; hypostigmal area without scales..............
. 22
21. Hypostigmal area usually with a patch of scales; scutum mostly orangescaled
rtpartus
Hypostigmal area bare; scutum mostly yellowish brown scaled... ........aloponotum
22. Proboscis, cercus, and first tarsomeres usually (except for northern specimens)
with numerous scattered pale scales, intermixed with predominant black scales;
tarsal claw longer and straighter (Fig.91); large species with mottled reddish
.................euedes
brown scutal pattern
Proboscis, cercus, and first tarsal segments beyond basal white ring usually
entirely dark-scaled; tarsal claw shorter and more strongly curved (Fig. 92);
medium-sized species with distinct middorsal brown scutal stripe and whitish......fitchii
scaled lateral areas.. ...... ....

23. Postprocoxal membrane with scales (Fig.75) .
... .Zq
Postprocoxal membrane bare (Fig. 14)
. . ... ....... ..........34
24. Wing veins Rr, Rr, M, and A with pale scales, other veins mostly dark-scaled;

in specimens from the Prairie Provinces) with
middorsal longitudinal stripe of white scales in addition to transverse white

abdomen usually (especially
bands.

spencerii

Wing veins all predominantly dark-scaled, except sometimes at base; abdominal
tergites with transverse basal white bands onIy................
25
25. Postpronotum with scattered setae in addition to those along posterior margin
usually present in all species (Fig. 93); sublateral area of scutum also with
26
numerous scattered setae
Setae of postpronotum confined to posterior margin, occasionally also with 4 or 5
setae along dorsal margin (Fig. 94); sublateral area of scutum with few
scattered setae..............
. .27

100

pr0v0cans

Figs. 93-95. Left lateral view of Aedes species: 93, thorax showing extra postpronotal setae; 94, thorax showing usual postpronotal setae; 95, metathorax and base
of abdomen.

26. Tarsal claw rather sharply bent near middle, with the portion beyond the bend
nearly parallel with long subbasal tooth (Fig. 96); denuded scutum showing
...impiger
paler poliinose band paralleling transverse suture............
Tarsal claw evenly and not strongly curved, with its subbasal tooth much shorter
than length of claw (Fig. 97); pollen of denuded scutum velvety black, with no
pale transverse band ...,......
27. Anepisternum (hypostigmal, subspiracular, and postspiracular areas combined)
almost completely covered with white scales except for a small central bare
. . .28
patch in middle of subspiracular area (Fig. 94)
.
Anepisternum not so extensively scaled, with the upper half of subspiracular area

including hypostigmal area and anterior half of postspiracular area bare

(if

a

few scales are present on hypostigmal area, wing veins are dark-scaled except at
base of costa, and proboscis and palpi are almost entirely dark-scaled) . .. .. . ..29
28. Costa, subcosta, and R, predominantly dark-scaled, but with scattered white
scales; membrane between tergum and sternum of first abdominal segment with
at most four or five scales; tarsal claw rather short and strongly curved (Fig.
................catap hy I la
e8) ..
Wing veins dark-scaled, except at base; membrane between tergum and sternum
of first abdominal segment with a large patch of white scales (Fig. 95); tarsal
. .......provocans
claw rather straight, with small subbasal tooth (Fig. 99) .
29. Anterodorsal corner of katepisternum and ventral fifth of mesepimeron bare of
scales (Fig. 100, a, b); dorsum of head and periphery of scutum white-scaled;
palpus with numerous scattered white scales
.implicatus
Scales along dorsal edge of katepisternum extending to anterodorsal corner (Fig.
l0l, a); scales of mesepimeron extending to its ventral margin (Fig. 101, D);
dorsum of head and periphery of scutum yellow-scaled (among arctic specimens

A
96

Figs.

tnptger

96-99.
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cataphylla

99

ptovocans

Fore tarsal claw of female of Aedes species.

101

these scales sometimes fade to a pale brassy yellow, and then the entire scutum
becomes pale, lacking a dark central contrasting area); palpus mostly dark-

.30

scaled

30. Setae of scutum mostly black; submedian stripes broad, dark brown, separated

by a narrow median stripe of yellow scales, and contrasting strongly with

yellow-scaled sublateral and lateral

areas..............

...............pionips

Setae of scutum yellow or bronze; scutum with a single, broad, middorsal dark
brown stripe (median and submedian stripes combined) or without darker
submedian stripes (the scales of this stripe, though concolorous with those of
sublateral area, arc usually narrower and may appear darker because more dark
integument is revealed)....
31
31. Probasisternum and adjacent membranes rather extensively scaled, and usually
with a few setae; costa of wing with a patch of white scales at base...................32
Probasisternum without setae and with at most a few scattered scales at apexl
. l:
costa of wing usually dark-scaled at base
32. Underside of proboscis with some pale scales......
............schizopinax
hexodontus
Underside of proboscis entirely dark-scaled
33. Scutum with a single broad middorsal longitudinal stripe of scales that are
punctor
distinctly darker brown than those of sublateral area (Fig. 87)
Scutum uniformly medium brown (or with darker submedian stripes that may be
darker or appear darker because the scales are narrower, revealing more dark
ground color) (coastal British Columbia)
aboriginis

(Manitoba and east)
abserratus
34. Anepisternum bare along ventral margin (Fig. 102, a); anterior surface of fore
coxa with a patch of brown scales (Fig. 102, b) .. ..
.........cinereus
Anepisternum densely scaled along ventral margin; fore coxa pale-scaled (except
in aurifer)...

.

... . .. ..

.....

35

35. Paratergite and lateral margin of first abdominal tergite bare; lateral margin of
scutum with reddish brown scales, concolorous with those of middorsal (median
and submedian) stripe, contrasting with white scales of the sublateral area (Fig.

trivittatus
Paratergite and lateral margin of first abdominal tergite with white scales; scales
of lateral margin of scutum concolorous with those of adjacent sublateral

area................

36

with broad basal transverse band of white scales . 37
Abdominal tergites dark-scaled dorsally, except for a lateral triangular patch of
white scales on each side (which may rarely be connected by a narrow basal

36. Abdominal tergites each

band of white scales on apical segments)

implicatus

42

nex000ntus

Figs. 100-102. Left lateral view of thorax of female of Aedes species showing scale
patterns of mesopleuron.
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Fore tarsal claw of female of Aedes species.

37. Katepisternum with scales extending to anterodorsal corner (Fig. 101, a) (scales
in this region should all be directed toward wing base, if not, they may be
. .. ....38
displaced from elsewhere)
Anterodorsal corner of katepisternum bare (Fig. 100, a) (specimens that have
this area denuded will not have any of the combination of characters found in
couplets 38-39; however, if the scutum is also denuded, the specimen should be
considered unidentifiable unless the basal pit of each scale can be seen after
.. ..... .............. . ..40
NaOH treatment of the pleuron)
38. Scales of median and submedian stripes of scutum concolorous, forming a single

broad longitudinal uniformly reddish brown stripe; scales of upper half of

postpronotum reddish brown, concolorous with middorsal stripe; lower mese...........-sticticus
pimeral setae absent..,
Submedian stripes of scutum usually dark brown scaled, separated by a paler
yellowish brown scaled median stripe; scales of the upper half of postpronotum
and (except in subarctic specimens) of the lateral and sublateral areas yellowish
... .. ... .... 39
brown; lower mesepimeral setae present
39. Hind tarsal claw with longer narrower subbasal tooth (Fig. 103) ...........communis
Hind tarsal claw with shorter subbasal tooth (Fig. 104).. ... .. . ......churchillensis
40. Scales of the scutum uniformly bronzy or yellowish brown, with darker submedian stripe lacking (these scales can be slightly narrower, giving the stripe a
darker appearance because of exposure of integument); pedicel yellowish laterally, paler than clypeus; setae of antepronotum and scutum mixed yellow and
brown; erect and recumbent scales on vertex yellow, concolorous; integument of
.intrudens
head and body medium to light brown
Scales of the median stripe of scutum pale in contrast with narrower, sparser
dark brown scales of submedian stripe; pedicel dark brown, concolorous with
clypeus; most of the setae of antepronotum and scutum dark brown; erect scales
on vertex brown, with whitish recumbent scales among them; integument of
head and body dark brown, appearing grayish in some lights because of sparse

pollinosity....

............41

with scales extending to anteroventral corner; upper border of
postpronotum with scattered setae; hypostigmal scale patch usually present
(Fig. 8a, d); tarsal claw evenly curved with prominent subbasal tooth (Fig.

41. Mesepimeron

Mesepimeron bare on lower third; upper border of postpronotum without setae;
hypostigmal area with at most two or three scales, usually bare; tarsal claw
rather straight basally, curved only near apex, with small subbasal tooth (Fig.
..rempeli
106)..... .
42. Scales of postpronotum and lateral and sublateral areas of scutum silvery white;
scales of postpronotum oval or rounded, overlapping one another, obscuring
integument; hind tarsal claw without subbasal tooth...,....................... .. . .. . ....43
Scales of postpronotum and lateral and sublateral areas of scutum yellow or
yellowish brown; scales of postpronotum crescent-shaped, not overlapping; claws
of all tarsi each with subbasal tooth
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Figs. 109-112. Female of Aedes species: 109, ll0,dorsalviewof scutum;
fore tarsal claw.

lll,ll2,

43. Fore tarsal and midtarsal claws strongly bent just beyond subbasal tooth, with

the portion distal to the bend rather straight (Fig. 107); metameron without
. ... ..hendersoni
Tarsal claw evenly curved (Fig. 108); metameron usually with one or two

sca1es.............

.triseriatus

44. Two-thirds or more of central area of scutum dark brown scaled; only the lateral
and outer margin of sublateral area golden brown scaled; almost all acrostichal

and dorsocentral setae on anterior half of scutum lacking; fore coxa mostly

brown-scaled
....lurifer
Dark brown scales anterior to transverse suture confined to submedian and
median stripes (Figs. 109, ll0); lateral and sublateral areas completely palescaled (some decticus have sublateral dark patches); acrostichal and dorsocentral setae present on anterior half of scutum; fore coxa pale-scaled..... 45

45.

Dark brown submedian stripes of scutum broad, contiguous with each other
medially, the median yellow stripe absent or reduced to a few scales anteriorly
(Fig. 109); sublateral dark stripes extending from transverse suture to scutellar
margin, and contiguous with submedian stripes; prescutellar depression almost
completely surrounded anteriorly and laterally with dark scales, metameron

bare................

...lhibaalti

Dark brown submedian stripes of scutum narrower, completely separated medially by a narrow median stripe of yellow scales (Fig. 1 l0); sublateral dark stripes

of posterior half of scutum less extensive, separated from adjacent submedian
stripe by a line of yellow scales; prescutellar depression surrounded with yellow
scales; metameron usually with scales.....
.46
46. Scales of vertex and postpronotum yellow; fore tarsal claw long, slender, and
rather straight (Fig. 1 1 1)
.. , . .diantaeus
Scales of vertex and postpronotum predominantly yellow, usually with patches of
brown scales; fore tarsal claw more strongly curved (Fig. ll2) . . .. . . ..decticus

Key to the species of Aedes of Canada-adult males
Males are most easily recognized by their tarsal, palpal, and genitalic
characters. Males and females have similar color and scaling patterns, and
r04

similar hind tarsal claws. However, because the scales are sparser or more
easily detached from males, many specimens cannot be identified by the key
to females. Males have fewer scales in the postprocoxal scale patch, the

white basal abdominal bands are not reliable, and the wing scales tend to be
pale and easily lost. Consequently, the following key avoids color characters,
except those of the leg scales. Tarsal and palpal characters are u.sed first,
followed by those of the terminalia. Unfortunately, the external characters
of the banded-legged species of the excrucians group (couplets l3-21) and
most of the black-legged species (couplets 21-41) are too slight to be
reliable, and the terminalia must be removed and cleared in NaOH for
identification. When terminalia are slide-mounted, future identification can
always be assured as long as a hind tarsus and a palpus are also mounted on
the slide, even if the rest of the adult is lost or discarded.

l.

.. 2
Tarsomeres ringed with bands of white scales (Figs. 69-73)
Tarsomeres dark-scaled, without rings of white scales, although scattered white
scales may be

present......

2. Basal three tarsomeres, especlally

22

of hind leg, each with both

base and apex

3
white-scaled (white rings need not be of equal width) (Figs' 69' 70) .
of white scales at base only (Figs.

Basal three tarsomeres each with ring

7t-73\

3.

.. . ....... .. .

9

"

'7

Palpus longer than proboscis, with dense brushes of long setae on fourth
puipo-e.eund apexofthird (Fig. II3);apicallobeofgonocoxitepresent 4
Pilpus equal to oi shorter than proboscis, without dense brushes of setae (Fig.
ll4); apical lobe of gonocoxite absent, with the gonocoxite tapering evenly to

apex...............

4.

Wing veins entirely dark-scaled; abdomen mostly dark-scaled dorsally, with

whiie scales confined to transverse basal bands; postprocoxal membrane bare;
claspette filament narrowly sickle-shaped, without expanded region (Fig. 118

....

b)'

....canadensis

wing veins, especially basal portion of radius, with white and brown

scales

intermixed; abdomen mostly white-scaled; postprocoxal membrane with scales;

5.

5
claspette filament expanded (Fig. l20D)
Hind'tarsal claw evenly and only slightly curved; subbasal tooth short (distance

x-y), one-third as long as distance between apices of subbasal tooth and of claw
(y-z,Fig.115 b); basal lobe of gonocoxite with two enlarged spines: one long,

directed medially and the other short, separated by about half the length of the
. - -dorsalis
shorterspine(Fig.1l5a) .
Hind tarsil claw bent just distal to subbasal tooth; subbasal tooth longer, about
half as long as distance between apices of tooth and claw (Figs. l16b; ll7b);
basal lobe of gonocoxite either with one large and one small spine arising side by
side (Fig. llia) or with one large and two or three small spines (Fig. 1164) O

114
Figs. I 13,

ll4. Left

lateral view of

head

sierrensts

of male of Aedes sPecies. Showing

differences in the palpus (antenna omitted).
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Figs. I 1 5-l I 7. Aedes specie* d, basal lobe of gonocoxite; D, hind tarsal claw; x-y,
length of subbasal tooth; x-z,length of main claw.

of basal lobe of gonocoxite somewhat convex" inclined Dosterodorsally, with thicker spines at base of dorsal edge of lobe not strongly differentiated in size or sclerotization (Fig. l16a)
.
...............campestris
Setose surface of basal lobe of gonocoxite flattened, inclined posteroventrallv.
with one short and one long enlarged spine arising side by side at base of dorsai

6. Setose surface

7.

edge (Fig. llTa) ............
...melanimon
Last hind tarsomere entirely brown-scaled; hind claw with subbasal tooth;

medioventral edge of gonocoxite angulate at level of claspette filament, bearing
_adensefringeof longhairsoverlappingwiththoseof opposite side..........,....togii
Last hind tarsomere entirely white-scaled; hind claw without subbasal toolh;

^ _m-edioventral edge ofgonocoxite lacking basal angle and dense fringe ......... . ..g
8. Palpus subequal in length to proboscis, with rings of white scales atlntersegmen-

tal junctions of last three palpomeres (Fig. 114); basal lobe of gonocoxite
bearing a dense clump of strong, apically curved setae............... ...........|sierrensis
Palpus entirely dark-scaled, about three-quarters as long as proboscis; basal lobe
ofgonocoxite with fine setae only
.............atropalpus
9. white rings of tarsal segments relatively narrow, those of second or third hind
tarsomere occupying less than one-fifth total length of tarsomere (Fig. 7l) . .10
_
white rings of tarsal segments relatively broad, those of second oi thi.d hind
rarsomere occupying one-third or more of tarsomere (Fig. j2) . .
. 1l
10. Mesepimeral setae present; hind claw without subbasai tooth; first abdominal
sternite with pale hairs; gonostylus with apical spine; claspette stem slender,
terminating in sickle-shaped filament
..........cantator
Mesepimeral setae absent; hind claw with subbasal tooth; first abdominal sternite
bare; go-nostylus with subapical spine; claspette stem broad, terminating in a
clump of setae, filament

118

nigromaculis

absent............

119

Iitchii

............vexans

121

rrparrus

Figs. I 1 8-l2l . Male of Aedes species: a, basal lobe ofgonocoxite; b,lateral view of
claspette filament.

106

of gonocoxite a small rounded tubercle (Fig. ll8c); apical lobe not
differentiated; claspette filament a narrow, nearly parallel-sided rod (Fig.

11. Basal lobe

. ..

llsb) ............... ........ ...

t2

Basal lobe of gonocoxite a conical or triangular lobe (Figs. ll9a-l2la\, often
extending pa.t t"ay along mediodorsal margin of gonocoxite (Figs. 121a-126a);
apical lobe prominent; claspette filament expanded at or near middle (Figs'

llgb:120b\.... .....

13

12. Postpronotum mostly scaled, with yellowish brown scales occupying its upper
nigromaculis
..
third; western provinces.......
to its upper
confined
scales
yellowish
brown
with
bare,
Postpronotum mostly
.sollicitans
maigin; Maritime provinces and southwestern Ontario
in addition
spine
enlarged
differentiated
a
strongly
with
13" Basal-lobe ofgonocoxite
14
to fine hairs (Eig. t teol .
I8
(Fig.
204)
I
only
fine
hairs
gon6coxite
with
Basal lobe of
14. Claspette filament with a sharp angle near base of concave side (Fig.

ll9-r)......

..litchii

...

Claspette filament lacking such an angle on concave side (Figs. l20b; l2lb) .. ..15
15. Claspette filament with ilong parallel-sided stern-like base, not expanding until
neai middle (as in Fig. 120b); abdominal tergites largely dark-scaled except for
16
basal transverse white

bands.............
l2lb);
pale scales

Claspette filament expanding from base (Fig.
numerous scattered

16.

abdominal tergites with

"

"

'17

Integument of scutum reddish brown; middorsal stripe and sublateral area of
scuiu- pale reddish brown, separated by a narrow stripe of yellowish scales
along row of dorsocentral setae; apical lobe of gonocoxite extending distally
beyond point of attachment of gonostylus; spine of basal lobe scarcely crossing

. , stimulans
rnidline (Fie. l22a)....
Integument of scutum dark brown; middorsal stripe dark brown contrasting with
yellow-scaled sublateral area; apical lobe of gonocoxite not extending as far
distally as point of attachment of gonostylus; spine of basal lobe long, extending
.....melcurator
to base of spine on opposite lobe (Fig. I 234)
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Aedes species: a, dorsal view of gonocoxite; b, hind tarsal claw
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Wing scales broad, about half as wide as long and usually truncate at apex; pale
and dark scales evenly scattered on all wing veins. . . ... .. . .... .. . .. ...grossbecki
Wing scales much narrower, one-third or less as wide as long, usually rounded
apically; pale scales more numerous on veins C, Sc, and R .. . . . .......litchii
18. Basal lobe ofgonocoxite depressed, triangular, extending halfway to apical lobe
(Fig. l24a); large yellowish species
...........fiavescens
Basal lobe of gonocoxite conical, strongly pointed medially (Fig. l2la); reddish
17.

orange

species

..riparius

Basal lobe of gonocoxite distinct (Fig. l20a); cylindrical stem-like base of
claspette filament as long as blade (Fig. l20b); first abdominal sternite covered
with scales and hairs
...........increpitus
Basal lobe scarcely differentiated, extending nearly to base of apicat lobe (Figs.
l25a; l26a); cylindrical base of claspette filament much less than half as long
as blade; first abdominal sternite bare..,..........
. ... .....20
20. Hind claw strongly bent beyond subbasal tooth, which is half as long as claw
beyond tooth and almost parallel to it, enclosing an angle of less than 30" (Fig.
19.

125b); apical lobe small, ending before base of gonostylus (Fie. 125a)
excructans

Hind claw

strongly bent; subbasal tooth of hind claw shorter, less than half
as long as claw beyond tooth and more strongly divergent from it, enclosing an
angle of more than 30. (Fig. l26b) .. .. . ..
... ..21
21. Apical lobe extending to or beyond base ofgonostylus (Fig. l26a) .
.euedes
less

Apical lobe smaller, ending before base of gonostylus (as in

Fig.
.aloponotum

22. Palpus minute,

no larger than that of female (Fig. 127); lower margin of

anepisternum without scales; gonostylus twice forked, arising proximal to apex
of gonocoxite (Fig. 131)
..tinereus
Palpus more than three-quarters as long as proboscis; anepisternum scaled along
ventral margin; gonostylus unforked, arising at apex of gonocoxite....................23
23. Apex of third palpal segment scarcely swollen, with, at most, a small group of
fewer than 10 setae arising close to apex (no farther from apex than maximum

widthofsegment)(Figs.

2-;t''127

128-130).

c neleus

.

.

128

.

..............24

thibaulri

t

.
-:"-::--a i/-_\b -\:

129

triseriatus

130

hendersoni

Figs. 127-130. Head of male of Aedes species: a, left lateral view of head; 6, fore
tarsal claw.
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Apical one-quarter or one-third of third palpal segment distinctly. enlarged,
bearing a ionspicuous tuft or fringe of 50 or more long setae arising from
" """'28
ventrolateral suiface (as in Fig. 1 13) . ... . ..
24. Scales of postpronotum and sublateral and lateral areas of scutum anteriol to
transversi suture silvery white; scales of postpronotum rounded or oval, overlap-

ping each other; termlnal spine of gonostylus half as long as remainder of
gon-ostylus (Fig. 132); apicallobe of gonocoxite undifferentiated; medioventral
eag. oi gonocoxite with small tuft of setae at mid length; claspette a sickle-

'25
shaped unexpanded rod (Fig. 134) . .
Scales of postpronotum and of sublateral and lateral areas of scutum anterior to
transverse suture yellow or yellowish brown; scales of postpronotum crescentshaped, not overlapping; terminal spine of gonostylus one-quarter or less the

remaining length oi gonostylus (Fig. 133); apical lobe of .gonocoxite welldefined; medioventral edge of gonocoxite with either a large dense conspicuous
tuft of setae on distal half or no tuft; claspette filament greatly expanded and
either fenestrated or elaborately convoluted (Figs. 135-137) ..... " """"""26
25. Apex of third palpal segment with a distinct tuft of about 10 long setae (Fig.
f30a); ventrolateral edge of fourth palpal segment with a fringe of.long setae;
fore and mid enlarged tarsal claws each with both basal and subbasal teeth
(Fig. l30b); mediodorsal margin of gonocoxite concave, and with fewer setae, at

hendersoni
. ... .
mid-'length ..
Apex of ihird palpal segment with at most two or three long setae (Fig. l29a);
fburth palpal-segment with scattered long setae but lacking a distinct fringe;
fore and mid enlarged tarsal claws each with subbasal tooth only (Fig. l29b);
mediodorsal margin of gonocoxite straight, with setae distributed evenly along
" "triseriatus
its entire length............
26. Fourth and filth palpal segments without fringes or tufts of long setae (Fig. 128);
submedian darkbrbwn siripes of scutum confluent medially, the median yellow
stripe absent or narrowly V-shaped and restricted to anterior half of scutum;
gon'ocoxite lacking a denie medioventral tuft of setae; claspette filament arising
Iro- . short sublpical side branch of claspette stem, and with a flattened
median finger-like lbbe overlapping its opposite number (Fig. 135) ..... thibaalti
Fourth and iifttr palpal segments each with medioventral fringe of long setae (as
in Fig. 129); narrow yellow median stripe of scutum fully separating dark brown
submedian stripes; distal half of medioventral margin of gono-coxite with a
conspicuous brush of long setae; claspette filament arising from apex of
claspette stem, fenestrated or convoluted, but without median lobe overlapping
' """27
midiine (Figs. 136, 137) ... .
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Figs. 131-137. Male of Aedes species: 131-133, gonostylus; 134-137' claspette
fi

lament, greatly magnified.
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27. claspette filament crescent-shaped, fenestrated with window-like transparent
areas (Fig. 136); proctiger enlarged, heavily sclerotized..... .
..diantaeus
claspette stem twisted spirally; claspette filament further twisted spirally in the
same direction, ligulate, with tapered base, subapical dorsally directed pointed
conical process, and sharply pointed apex (Fig. 137); proctiger not
enlarged
...........decticas
28. Basal lobe ofgonocoxite bearing distally one or two long, thick, apically directed
bristles paralleling median margin of gonocoxite (Figs. 138-141) ..... .
29
Basal lobe of gonocoxite without apically directed bristles, although one or more
medially directed ones may arise from base of lobe... ............ . . .
.32
29. Basal lobe of gonocoxite with one apically directly bristle (Fig. 138a); a dense
pencil-like tuft of long setae (as long as gonostylus) arising from extreme apex

of ventral surface of gonocoxite; convex margin of claspette filament with
aurifer
_retrorse projection (Fig. l38b)
Basal lobe of gonocoxite with two apicalty directed bristles (Figs. l39a-l4lZ);
setae, if present, at apex of ventral surface of gonocoxite, not confined to
extreme apex and not as long as gonostylus...........
...... .30
30. Gonocoxite lacking a large medially directed spine arising near basal lobe (Fig.
l39a); claspette filament small, conical, and transversely striated (Fig. l39b);
membrane between first abdominal tergite and sternite with large patch of
white scales, usually visible only from below....
.................provocans
Gonocoxite with a large medially directed spine arising near bapal lobe (Figs.
l40a;141a); claspette filament blade-like, smooth (Figs. l40b; t4l6); membrane bare between first abdominal tergite and sternite
.. 31
31. Basal lobe of gonocoxite flask-shaped, longer than wide, with the two large
apically directed bristles evenly curved, arising on narrow neck-like apex at level
of claspette filament (Fig. l40a); claspette stem with seta-bearing side branch
(Fig. laoD)
..infiudens
Basal lobe of gonocoxite thumb-like, with the two large apically directed bristles
sinuous, arising near level of base of claspette stem (Fig. 141a); claspette stem
geniculate or elbowed near middle (Fig. lalb)
... .. ............pu\Iatus
32. Basal lobe of gonocoxite with uniform fine setae only, lacking a distinctly
enlarged spine (Figs. 142,143)
33
Basal lobe of gonocoxite with the most dorsally placed seta conspicuously longer
and thicker than remaining setae (Fig. l45a) . .
. . .
.... .. 34
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Figs. 138-141. Male of Aedes species: a, dorsal view of basal lobe of gonocoxite; b,
lateral view of claspette.
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Figs. 142-145. Male of Aedes species: 142, 143, dorsal view of basal lobe of
gonocoxite; 144, lateral view of claspette; 145a, dorsal view of basal lobe of
gonocoxite; l45b,lateral view of claspette filament.
33. Postprocoxal scale patch present; basal lobe of gonocoxite broadly conical (Fig.
ntSrtpes
r42)......... .......
.

Postprocoxal scale patch absent; basal lobe of gonocoxite long, narrow, fingerrempeli
like (Fig. 143)
34. Convex ventral side of claspette filament with sharp retrorse projection (Fig.
.........tivittatus
144); paratergite bare
Convex side of claspette filament evenly rounded; paratergite with patch of
.

.

scales

35

35. Basal lobe ofgonocoxite strongly constricted at base (Fig. 145a); concave margin
of claspette filament with a small angle at base (Fig. 145b) . . . ... . .. . .36

Basal lobe of gonocoxite conical or triangular, broadest at basal attachment
(Figs. l5l-153); concave edge ofclaspette filament tapering evenly to base.....37
36. Apical lobe of gonocoxite constricted, with the base as wide as its distance from
base of gonostylus (Fig. 146); postprocoxal membrane usually with a few

.............

scales

.spencerii

Apical lobe of gonocoxite broadest at base, with the base twice as wide as its
distance from base of gonostylus (Fig. 147); postprocoxal membrane
bare.

.
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Figs.146-150.
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Apical lobe of gonocoxite of male of Aedes species.
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37. Enlarged seta of basal lobe of gonocoxite arising lateral to a tuft of setae (Figs.
l5la:152a); medial edge of apical lobe ofgonocoxite with short, thick, curved,
ventrally directed setae (Fig. 148); claspette filament relatively short, four times

longer than wide, tapering rather abruptly distalty, inflated, droplet-shaped in
section (Fig. 152b, c), without flange or keel on convex side Qtunctor sub-

group)...........

..38

Enlarged seta of basal lobe arising lateral to a row of setae (Figs. l53a; 156a);
median edge of apical lobe with either long straight setae (Fig. 149) or none;

claspette filament five

or more times as long as wide, not inflated, with

thickened concave side, and expanded keel-like flange or flanges on convex side

(Figs. l53c;

l56c)

. ... ..

..39

38. Basal lobe of gonocoxite thumb-like, with its tuft of setae occupying apex of lobe

(Fig. 151); enlarged seta of basal lobe shorter than most of the other finer

setae......,........

.......................ahserratus
Basal lobe relatively large and triangular (Fig. l52a); enlarged seta of basal lobe

longer than all other

setae...........,...

...........aboriginis
.hexodontus
.......punctor

:s. risiar suria""

.i

u","r rou"

;i ;;;;;;;t;; .;;;;;., *ilr' it,

'."iifi'":::;X,
fringed with rather widely spaced, long, curved setae (Fig. l53a);
apical lobe of
gonocoxite with a group of long straight setae projecting ventrally (Fig. 1a9);
claspette filament with keel displaced medially from the normal midventral
position, usually also with a second lower keel along ventrolateral edge (Figs.
153b,c\...

....40

Distal surface of basal lobe convex, with its ventral margin lacking fringe of long
setae (Figs. l56a; l57a); apical lobe of gonocoxite without long setae on median
edge; claspette filament with midventral keel in line with body of filament (Figs.
156b, c:157b, c)
42
40. Postprocoxal membrane with scales; scutal setae mostly dark brown,.........pionips
Postprocoxal membrane bare; scutal setae yellow to bron2e..,...............................41
41. Setae at apex of third and at base of fourth palpomeres extending beyond apex of

fourth segment (Fig.

Setae

155)

at apex of third and at

fourth segment (Fig.

154)

..communis
base

of fourth palpomeres not reaching apex of
. ..............churchillensis

c0mmunls

Figs. l5l-153. Male of Aedes species: a, dorsal view of basal lobe of gonocoxite; b,
lateral view of claspette filament; c, cross section of claspette filament.

I12

154
Figs. 154,

churchillensis

155. Aedes species: left lateral

view of head of male, flagellum omitted'

42. Apical lobe of gonocoxite strongly exserted, medioventrally directed, somewhat
parallel-sided; a conspicuous cluster of 6-12 long posteromedially directed setae

irising from dorsal surface of gonocoxite lateral to apical lobe

(Fig.
...implicatus
narrow, parallel-sid-

r50) . ... ..
Apical lobe of gonocoxite less prominent, evenly rounded if
ed, and then distally rather than medially directed; dorsal surface of gonocoxite
. .. -- --- - . . .43
without cluster of long setae.......
43. Medioventral edge of gonocoxite with numerous long medioventrally directed
setae; median edge of basal lobe with a dense row of closely spaced setae ventral
to the enlarged seta (Fig. l56a); apical lobe at least as wide as adjacent portion
of gonocoxile bearing gonostylus; hypostigmal area usually with a patch of
scales; basal two-thirds of third palpal segment predominantly white.

scaled

............

.......................cataphy11a

Medioventral edge of gonocoxite with relatively few long setae; median edge of
basal lobe with a sparse fringe of about l0 well-spaced setae (Fig' l57a); apical
lobe reduced, narrower than adjacent portion of gonocoxite bearing gonostylus;
.. . - .- impiger
hypostigmal area bare; palpus entirely dark-scaled

ol

Aedes of Canada-fourth-instar
larvae
the fourth instar in most respects (see
instar
resembles
The third
chapter on morphology) except that the saddle never encircles the anal
Key to the species

segment, the comb scales are fewer, and the setae have fewer branches. The
seiond instar is even less like the fourth, and the first instar is entirely
different. Because we lack the third instars of many species, we do not know
how well this key would work for them.

,K
/(a

156

cataphylla

*,
,*)/o

157

)"
impiget

Figs, 156, 157. Maleof Aedesspecies: a,dorsalviewof basallobeof gonocoxite;b,
lateral view of claspette filament; c, cross section of claspette filament.
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Figs. I 58-161

.

drupdrpuJ

pt0v0cans

Left lateral view of terminal segments of larva of Aedes species.

L Saddle encircling dorsal one-third or

less of anal segment, with seta 1-X arising
ventral to the saddle, at its margin, or if from within saddle closer to its ventral
margin than to its posterior margin (Figs. 158-160) (second and third instars of
all Aedes and all four instars of atropalpus and togoi)
. . . .2
Saddle encircling dorsal half or more of anal segment, with seta l-X arising from
within margin of saddle, closer to its posterior margin than to its ventral margin

(Fig. 161) (fourthinstarsof allbutatropalpusandtogoi)....

. . .. . . .

...4

2. Siphon short and narrow compared

with length of body of larva, twice as long as
maximum width or shorter, with the last pecten tooth usually arising close to
apex of siphon, well beyond siphonal seta 1-S and second last pecten tooth (Fig.
160); saddle seta l-X arising from membrane ventral to saddle margin; anal
papillae fonger than siphon; in rock pools of Eastern Canada ...............atropa|pus
Not with the above combination of characters.
. .. 3
3. Head setae 5-C and 6-C arising side by side far forward on head anterior to 7-C;
seta 5-C with l0 or more branches in last instar; prothoracic seta 4-P as long as
l-P or 5-P; siphon short, 2.2 times as long as maximum width or shorter; anal
papillae reduced to small tubercles (Fig. 159); in rock pools along southern
coast of British Columbia .................
..................togoi
Head seta 5-C arising posterior to 6-C and 7-C, with fewer than l0 branches;
prothoracic seta 4-P usually less than half as long as 1-P or 5-P; siphon usually
longer than 2.2 times maximum width; if in Pacific coastal rock pools, not
having such reduced anal papillae; for early instars 3-4 mm or longer try

couplet

...

..

4

4. Siphon with one or more distal pecten teeth more widely spaced than remaining
teeth (as in Figs. 160, 16l) (if only one tooth appears separated, examine the
other side; if both sides have separated teeth, proceed to couplet 5, otherwise try
both couplets 5 and 22 and eliminate one of the alternatives with the help of

Table3) .

....

S

Siphon with all pecten teeth more or less equally and evenly spaced, or if some
distal teeth appear slightly more widely separated, the spacing increases regularly distally (as in Figs. 158, 159)
.
. .22
5. Siphon with several paired lateral and subdorsal branched setae in addition to
siphonal seta l-S (Fig. 161)

Siphon without branched setae except for siphonal seta 1-S

lt4

,.......provocans

with two or more branches; setae 5-P and 7-P multibranched, usually with 4 or 5 and 6 or more branches respectively (Fig. 162);
abdominal segments III-VII each with a conspicuous, long, dorsolateral seta (as
in Fig. 182); saddle usually completely encircling anal segment in fourth instar
. ..................nigripes
(as in Fig. l78a); tree line and tundra species
Prothoracic seta 6-P single; seta 5-P with three or fewer branches; seta 7-P at
most quadruple; abdominal segment III lacking long dorsolateral setae (as in
Fig. 166); saddle not encircling anal segment (although ventral edges of saddle
in fourth-instar declicus are closely approximated, dnd occasional specimens
. ....7
have a narrow connection); boreal and southern species........
7. Siphonal seta 1-S arising near mid length of siphon, exceeded by several widely
and irregularly spaced pecten teeth; last pecten tooth usually close to apex of
....................cataphy11a
siphon...., ....
Pecten teeth confined to basal two-thirds or less of siphon, followed by siphonal
seta l-S (in nigromaculis, pecten teeth usually occupy about two-thirds of
siphon, but siphonal seta always follows last tooth; in intrudens, siphonal seta
may arise between last two teeth, but pecten teeth occupy scarcely more than
.... ...8
halfofsiphon)
8. Mesothoracic seta l-M double or triple and as long as head seta 5-C (Fig. 163);
saddle encircling only upper half of anal segment; head seta 7-C with 8-12
... campestris
branches, and seta 6-C usually single (rarely double)
Mesothoracic seta l-M minute; saddle usually encircling two-thirds or more of
anal segment; head seta 7-C usually with fewer than 8 branches, if with more,
. . . . .. ..9
then seta 6-C at least triple..........,..,
9. Upper caudal seta 2-X unbranched, as long as 3-X just ventral to it (Fig' 183);
saddle completely encircling anal segment in fourth instar. .. . . .. .. .. abserratus
Upper caudal seta 2-X multibranched, much shorter than 3-X (as in Fig. 182);
l0
saddle not encircling anal segment except in nigromaculis
6. Prothoracic seta 6-P

I
\

162

164

163
nrgilpes

campestrs

EXCTUCIANS

sperceIl

Figs. 162-165. Head and thorax of larva of Aedes species: 162, 163, dorsal view;
164,165, ventral view.
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)---

spencelll

EXCTUCIANS

Figs. 166,
10.

167. Left

lateral view of abdomen of larva of Aedes species.

III-V each with a conspicuous long ventrolateral seta
(13-III, l3-IV, and l3-V) as long as height of segment to which it is attached
(Fig. 166) and almost as long as lateral seta (6-III to 6-V) of same segment;

Abdominal segments

proihoracic seta l0-P at least two-thirds as long as any of the branches of 7-P
(Fig. l6a); four or more precratal setae (Fig. 166, pc\; mature larva about 10

.........1I

mmlong

Abdominal segments III-V each with a ventrolateral seta, at most, scarcely half
the height of the segment to which it is attached and (except in spencerii, Fig.
167) no more than half as long as lateral seta of same segment; prothoracic seta
10-P short, less than one-quarter the length of a branch of 7-P and much finer

ll.

(Fig. 165); four or fewer precratal

setae; mature larva 8 mm or less

long

l5

Abdominal segments IV and V each with a dorsolateral seta (1-IV, 1-V) as long
as either lateial seta (6-IV, 6-V) or ventrolateral seta (13-IV, l3-V) of same
segment (Fig. 166); siphon long, abruptly narrowed apically, its apical_diameter
oni-seventh as long as siphon; seta 9-S on ventrolateral flap at apex of siphon a
strong, curved

hool

'12

Abdoriinal segment IV with dorsolateral seta much shorter than corresponding
lateral seta, or with none; segment V with dorsolateral seta at most two-thirds

as long as lateral seta; siphon tapering more evenly to apex, its apical diameter
mo." ihan one-sixth as long as siphon (Fig. 168); seta 9-S on ventrolateral flap
I3
at apex of siphon relatively weak, scarcely curved .. . .. ..
12. Integument of thorax and abdomen with a fur-like vestiture of minute hairs;
.. ....."."ulopoaotum
souihwestern British Columbia only..........
excruct4ns
Integument without minute hairs; transcontinental

'upper and lower laieEl setae 0n other than segmenl

168

euedes

ll are omitted

169

flavescens

Figs. 168, 169. Left lateral view of abdomen of larva of Aedes species. Upper and
lower lateral setae are shown only on segment II.
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large, l0 or fewer (usually 6-8); no conspicuous dorsolateral setae
on abdominal segments IV, V, or VII. . .. . .. .. .............riparius
Comb scales more than 10; abdominal segments V and VII each with dorsolateral setae (l-V, 1-VII) usually at least half as long as lateral setae (Fig. 168) . 14
14. Pecten teeth extending beyond middle of siphon; siphonal seta l-S arising
two-thirds to three-quarters of the distance from base of siphon; anal papillae

13. Comb scales

(l-IV to l-VII)

brown, one and one-half times as long as saddle in life; sublateral seta 7-II on
second abdominal segment usually with five or fewer branches (Fig. 168).euedes
Pecten teeth not extending beyond middle of siphon; siphonal seta l-S inserted
near midpoint; anal papillae transparent, no longer than saddle; sublateral seta
7-II with five or more branches (Fig. 169)
flavescens
15. Bases of head setae 5-C, 6-C, and 7-C arranged in a straight line, with base of
seta 4-C anterior and out of line (Fig. 172); setae 5-C and 6-C each with five or
.....................cinereas
more branches (rarely three or four).....
Either bases of head setae 5-C, 6-C, and 7-C not arranged in a straight line
(Figs. 173, 176) or 4-C to 7-C all arranged in a straight line and antenna
16
elongate asin aurifer and some diantaeus (Figs. 174, 175) . . .. ....
16. Siphonal seta l-S short, its length less than apical diameter of siphon and usually
no more than twice as long as last pecten tooth (Fig. 178); body of maxilla
short, rounded apically, less than twice as long as maxillary palpus (see Fig.
171); prothoracic seta 8-P short, less than half as long as either branch of 7-P

(asinFig.

165)...

.

...........17

Siphonal tuft longer than apical diameter of siphon, and usually three or more
times as long as last pecten tooth (Fig. 179); body of maxilla elongate and
pointed apically, more than twice as long as maxillary palpus (Fig. 17oa,b);
prothoracic seta 8-P nearly as long as either branch of 7-P (as in Fig. 1 64) 19
17. Saddle completely encircling anal segment in fourth instar (Fig. 178, a); siphon
short and stout, only twice as long as wide; pecten teeth extending well beyond
middle of siphon; antenna extremely short, about one-fifth as long as head (Fig.
I 73)
nigromaculis
Saddle only partly encircling anal segment; siphon longer, two and one-half times
as long as wide or longer; pecten teeth usually confined to basal half of siphon;
.. . . . .18
antenna longer, more than one-third as long as head

171

17O

spenceIl

Intruders

Figs. 170, 171. Aedes species: a,left lateral view of head of larva; b, left lateral
view of maxilla (enlarged relative to Fig. lTOa); l7l,left lateral view of maxilla
(enlarged as in l70b).
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173
6Jc.

,,'

o-c

,(
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nrgromacuiis

diantaeus

+

decticus

Figs. 172-177. Dorsal view of head of larva of Aedes species.

18. Head setae 5-C and 6-C single (5-C occasionally double on one side); integument
of thorax and abdomen clothed with minute, regularly spaced hairs, best viewed

from the side on a curved part of thorax; prothoracic seta 8-P minute, single,
arising ventral to 7-P (Fig. 165); ventrolateral setae (13-III to 13-V) of

abdominal segments III-V almost as long as lateral setae (6-III to 6-V) of same
.. . .. .. ...spencerii
segment (Fig. 167)
Head setae 5-C and 6-C each with two or more branches; integument of thorax
and abdomen not clothed with minute hairs; prothoracic seta 8-P double or

more, displaced anterior to 7-P; ventrolateral setae of abdominal segments
vexans
III- V minute.
19. Antenna white, rather translucent, with black apex, swollen basally, tapering
abruptly beyond seta 1-A (Fig. 175); head setae 4-C, 5-C, 6-C, and 7-C arising
.......aurifer
in a straight 1ine.................
Antenna pale to dark brown, evenly tapering from base to apex (Figs' l'16,177);
head setae 4-C and 6-C usually arising somewhat anterior to a line between 5-C
and 7-C

tn

20. Antenna shorter than half maximum head width; saddle incised at its posterolateral corner (Fig. 179); siphonal seta 1-S sometimes arising quite close to base of
lastpectentooth,evenproximaltoit................ ..................intrudens
Antenna longer than half maximum head width (Figs. 174, 176); saddle not
incised at its posterolateral corner; siphonal seta l-S always arising distal to last
pecten tooth, usually separated from it by length of last pecten tooth..........,....,21
21. Antenna longer than head (Fig. 174),pale yellowish brown, slightly darker only
on apical one-seventh; head and body setae tapering evenly from base; comb
.......d i antaeus

Antenna shorter than head (Fig. 176), medium brown, with apical half darker;
head and body setae thick, stiff, parallel-sided or even slightly wider in middle,
.................dect icus
thickened almost to apex; comb scales 5-7
22.In tree rot cavities, occasionally in artificial containers; antenna smooth, without
spicules; antennal seta 1-A usually single (Fig. 117);head seta 6-C usually with
more branches than seta 5-C; head seta 4-C exceptionally large, about half as
......................2J
long as seta 6-C; saddle seta 1-X branched
In ground pools; antenna rugose, with spicules; antennal seta 1-A with three or
more branches; head seta 6-C with the same number of branches or fewer than
seta 5-C; head seta 4-C minute, one-eighth or less the length of seta 6-C; saddle
.. .. .. . ......25
seta 1-X singIe. ...........

I l8

23. Thoracic setae l-P, 1-M, and l-T, and abdominal setae 1-I to I-VII and l3-I to
l3-VII each with three or more stellately arranged branches (Figs. 180, l8l);
. ' 24
pecten teeth extending beyond basal one-third ofsiphon . ..,. . . .. .
Thoracic setae 1-P, 1-M, and 1-T, and abdominal setae l-I to I-VII and 13-I to
l3-VII each single or double; pecten teeth confined to basal one-third ofsiphon;

sierrensis
British Columbia only. ... .
24. Anal papillae usually less than twice as long as saddle (view.against black
background), ventral pair shorter than dorsal pair (Fig. 181); saddle rectangular
in side view, its anteroventral corner well-developed; acus fused with siphon;
thoracic setae 1-P, 1-M, and 1-T, and abdominal setae l-I to 1-VII and 13-I to
13-VII each with four or more branches; Eastern Canada . .. . .. .. . triseriatas
Anal papillae about three times as long as saddle, the ventral pair as long as
dorsal pair (Fig. 180); saddle somewhat triangular in sideview, its anteroventral
corner truncated; acus free from siphon; thoracic setae 1-P, l-M, and 1-T and
abdominal setae of first and thirteeth series each with four or fewer branches
(an occasional seta can be five-branched); transcontinental . . . .' . . 'hendersoni
26
25. Mesothoracic seta l-M as long as head seta 5-C (as in Fig. 163) .
Mesothoracic seta 1-M minute, less than one-third length of seta 5-c (as in Fig.

. . . .. .35
162). ... ... .. .
26. Siphon exceptionally long and slender, four-five times as long as maximum
width, and ieven--eight times as long as wide at apex; seta 9-S on ventrolateral
flap at apex of siphon thick and strongly curved, hook-like; abdominal segments
III-VII iach with a long, well-developed dorsolateral seta (1-IIl to l-vII) that
is as long as lateral seta (6-III to 6-VII) of the same segment and almost twice
. Jitchii
as long ai height oithat segment (Fig. 182) .
Siphon less than four times as long as wide at base and less than six times as long
ai wide at apex; seta 9-S not thickened or strongly curved; dorsolateral seta
(l-III) minute on abdominal segment III (except in rempeli, with single head
ietae); dorsolateral seta l-VI on segment VI also minute (except in dorsalis and
"' ""27
cantator, in which dorsolateral seta is shorter than lateral) .
27. Mesothoracic seta l-M double or triple at least in fourth instar (Fig. 163) (an
occasional specimen of dorsalis may have l-M single); anal papillae shorter

than

saddle...

28

Mesothoracic seta 1-M single; anal papillae longer than saddle (except in
cantator, which is found in eastern coastal salt marshes and has head seta 5-C
30
double or triple)

l_:x

-/L-,
17s'y':'/
nigromacults

rntf!ders

180
hendersonr

Figs. 178-181. Left lateral view of terminal segments of larva of Aedes specles.
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28. Comb scale with long median spine-like apex and short subapical spinules each
less than half its length (as in Fig. 196); prothoracic seta 2-P almost as long as

l-P; dorsolateral abdominal setae 1-IV to

l-VII

each as long as upper lateral
....schizopinax
Comb scale without a long median spine-like apex, fringed with subequal
spinules (as in Fig. 197); prothoracic seta 2-P less than two-thirds as long as
l-P; dorsolateral aMominal setae 1-IV to l-VII each no more than two-thirds
. 29
as long as upper lateral seta of same segment
29.Head seta 5-C with two or three branches; pecten teeth extending beyond mid
length of siphon; dorsolateral abdominal setae l-IV to l-VII and lower lateral
seta (6-IV to 6-VII) of same

seta

7-II minute,

segment

segment

less than one-tenth as long as upper lateral seta

of

same

......tampesfiis

Head seta 5-C usually single (sometimes double, rarely triple); pecten teeth
confined to basal halfofsiphon; dorsolateral abdominal setae 1-IV to l-VII and
lower lateral seta 7-II about one-third as long as upper lateral seta of same
.dorsalis
dorsolaterFig. 182); saddle completely encircling anal segment in

30. Head setae 5-C and 6-C each single; abdominal segment

al seta 1-III (as in

III with long

............rempeli
fourth instar
Head setae 5-C and 6-C each with three or more branches; dorsolateral seta l-III
.31
..
minute; saddle partly encircling anal segment.
31.In brackish or salt marshes adjacent to Atlantic coast, Gulf of St. Lawrence and
James Bay; anal papillae much shorter than saddle, with the ventral pair shorter
than the dorsal pair; dorsolateral setae l-IV to I-VII all double or triple and
.......................cantator
subequal in length
In freshwater inland habitats; anal papillae at least as long as saddle, with the
ventral pair as long as the dorsal pair; dorsolateral setae l-IV to I-VII not as
above, either single or double, if double, seta l-VI markedly shorter than seta
l-Y (aboriginis, in which these setae appear similar to those in cantator, is
.........................32
found on the Pacific coast).............
32. Prothoracic setae 2-P and 3-P both short, fine, less than half the length and
.metcurator
thickness of 1-P.
Prothoracic setae 2-P and 3-P each more than half as long as l-P (Figs.

184-186)

.

.

33

33. Lower lateral seta 7-II of second abdominal segment single or double, half as
long as lateral seta 6-II immediately dorsal (as in Fig. 168); seta 1-X usually as

long as

sadd1e.............
7-II of second

..........ahoriginis

abdominal segment with three or more
branches, much shorter than halfthe length oflateral seta 6-II (as in Fig. 169);

Lower lateral seta
seta

l-X

less than half as lons as

saddle

. ..............34

li_
:=<183
\
Figs. 182, 183. Left lateral vlew of larva of Aedes species: 182, abdomen; 183,
terminal segments.
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Pullalus

Figs.184_188.Aedesspecies:184-136,dorsalviewofheadandthoraxoflarva;
tA-7, tAS, comb scale (enlarged).

34. Mesothoracic setae

l-M and 3-M subequal in length, both at least half as long
scale
ielJ' 184); usually more thin 60 comb scales; each
spinules

and as thick as r-p

with small base and tong"apicaity broadlned apex fringed with subequal
P'ontPs
(Fig. 187)..

Mesothoracic seta

l-M

one and one-half times as long as :-tut

(flg

185); fewer

than60combscales;-euchrcal"morepointed,withlongermedianspine;base
pullatus

" ". .
unJ up"* of scale subequal in length (nig' t8a)
as each branch of l-P
as
thick
and
aslong
prothoiacic
aliost
3-P
aid
Z-y
setae
35.
--

iiiJ. rto); seta 1_p usually
in last instar

double; saddle completely encircling anal segment

"

36

half as long as l-P;
Prothoracic setae 2-P and 3-P weak, both usually less than
two and one-half
than
less
siphon
complete,
lr
saddle
,ingi.;
1-p
usually
seta
rd
times as long as greatest width.
2-X unbranched, as long as 3-X (Fig' 183); dorsolateral setae
:0. Upp"t
"uuOuir"ti
l_v minute, less than half as long as 6-IV and 6-v ................ahserratas
t'_iv ana
dorsolateral setae
Upper caudal seta 2-X branched, markedly shorter than 3-X;
6-V
and
' 37
6-IV
of
lengtir
l-IV and l-V longer than two-thirds
usually more than 10, each
37. prothoracic seta 5-P usually single; comblcales 5-25,
scale0.06_0.08mmlong,'t'o.t".thanlastthreeorfourpecten.tee^th''.'...punctor
prothoracic seta 5-P urriutty double; comb scales 4-12, usually fewer than 10,
except the
each scale longer than 6.1,n-, longer than all pecten teeth
hexodontus
""
last ...... .... .. .
shorter than apical
38. Sirrtronal seta l-S shorter than abdominal seta 5-VIII and
' ' "39
diameter of siphon (as in Fig. 178)
apical
than
longer
and
5-VIII
seta
abdominal
th'an
linge.
sipr,"""r seta i_S
diameter of siphon

'

. .. .

:S. S;date compleiely encircling anal segment
one-half times as lon! as

tiirnurn

wfuth or

"" "42

in fourth instar; siphon two and

less

40

as long as maximum
Saddle incomplete; sipion more than two and one-half times

width..............

41

marshes sollicitans
40. Anal papillae bud-like, much shorter than saddle; in saline
A;; puplttu. as long as anal segment; in temporary summer rain pools.tivittatus
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190. Dorsal view of head of larva

of Aedes species.
41. Head capsule with dorsal median circular darkly pigmented spot and a transverse
crescent-shaped darkly pigmented bar behind it (Fig. lg9); ventral pair of anal
papillae shorter than dorsal pair (as in Fig. 199) .
- . . . ...........'.melanimon
Head capsule without prominent pattern of pigment dorsally (Fig. 190); ventral
'.....l.
. .... sticticus
.^ -pair.of anal papillae subequal to dorsal pairlai in Fig. l9g)
42.Head'
seta 6-c arising between 5-c and 7-c'in a str:aightiine
1as inFig. 172);
maxifla lolg and pointed (as in Fig. r70); clypear setae small, pale-brown,
separated from one another by more than their own length; a rare species found
in southern ontario in inundated hollcw stumps or logs -........ . ........^......thibaulti
Head seta 6-c arising anterior to a line betwein 5-c and 7-c; maxilla short and
blunt (Figs. 20v203); crypeal setae larger, darker, ,"purut"i from one another
by less than their own length; in open habitats.
, . .. .A3
43. Prothoracic setae 8-P and l0-p both more than two-thirds as long as a branch
of
7-P (Fig. 191); dorsolateral seta l-IV of fourth abdominal segi-rent about half
as long as seta 1-V on fifth segment; four or more precratal setie............. ..
....44
Fither prothoracic seta 8-P or seta l0-p, or both, no more than half
as long as
7-P (Figs. 192,193); dorsolateral setae l-IV and 1-V on abdominal segments IV
and V about the same length; usually fewer than four precratal setae .l..,........45
44. Prothoracic seta 2-P less than half as long as seta l-p; mesothoracic seta l-M
multiple, shorter than seta 3-M; basal cusps of each pecten tooth exceptionally
long, the most distal cusp longer than maximum width of that tooth . ..flavesceis
Prothoracic seta 2-P more than two-thirds as long as seta l-p; mesothoracic seta
l.-M single, as long as seta 3-M; basal cusps of each pecten tooth all shorter
than maximum width of tooth.............. . . ... . .. ..
.....grossbecki
45. Head seta 5-C with five or more branches in fourth instar (about threl branches
in third instar), an occasional mature specimen may have only four on one side

but five or more on the other; mesothoracic seta g-p longei than 10-p (Fig.
192)....
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Figs. 191-193. Ventral view of prothorax of larva and adjacent part of head of
Aedes species.
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stlmulans

v196

impiger

I

199

v1g7
rmplicatus

c0mmunrs

increpitus

Figs. 194-199. Aedes species:194,195, pecten tooth (enlarged); 196, 197, comb
scale (enlarged); 198, 199, left lateral view of abdominal segment X.
Head seta 5-C with three or fewer branches; mesothoracic seta 8-P shorter than

l0-P (Fig. 193)
46. Pecten teeth (when viewed under

a dissecting microscope) each with a

single

large basal cusp, occasionally with a minute second basal tooth (Fig. 194);
. - . .. . 47
posterior lobe of maxilla narrowly rounded (Figs. 200 201) . ..
Pecten teeth each with two or more distinct basal cusps (Fig. 195); posterior lobe
48
of maxilla broadly rounded to truncated (Figs. 202, 203) . . . .
47. Comb scales 8-16, each with long spine-like apex and short apical spinules (Fig.

196).........

...imPiger

Comb scales 15-35, each fringed apically with long subequal spinules (Fig.
.. . .... ...implicatas
197) . .. .. . .. .
48. Spicules along posterior edge of saddle apparently absent (when viewed under a
dissecting microscope), but actually present though very small (too short to
.......communis+
project beyond edge of saddle) (Fig. 198)
churchillensis*
Spicules along posterior edge of saddle projecting beyond saddle edge, thus easily
. 49
visible under magnification of 50X or more (Fig. 199)
49. Ventral pair of anal papillae shorter than dorsal pair (Fig. 199); Saskatchewan

and

west..,.....

increpitus

Ventral pair of anal papillae more or less equal in length to dorsal pair (as in Fig.
.....'ttimulans
198): Manitoba and east

(Dr=-,
201
rmprger

rmp icatus

Increprlus

Figs. 20G-203. Left lateral view of maxilla of larva of Aedes species'

r

These two sibling species can be separated only by analysis
1973).

of populations (Ellis and Brust
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Fore tarsal claws of Aedes spp.
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Aedes aboriginis Dyar
Plate 10; Map 9

Aedes aboriginis Dyar, l9l7 b:99.

Adult. Female: Integument medium brown; proboscis and palpus
dark-scaled; pedicel scaled on dorsomedial half, with scales dark medialty,
pale dorsally; scales of vertex, upper two-thirds of postpronotum, and

median stripe, presutural sublateral area, and lateral stripe

of

scutum

yellowish brown to bronzy brown; scales of submedian stripe and postsutural
sublateral stripe of scutum coppery brown, narrower and darker than those
of remainder of scutum; postprocoxal membrane, anterodorsal corner of
katepisternum, and all of mesepimeron with pale yellowish scales; lower
mesepimeral setae present; probasisternum without scales; tibiae and first
tarsomeres dark-scaled apically, pale-scaled ventrally; remaining tarsomeres
entirely dark; tarsal claws moderately and evenly curved, each with a short
subbasal tooth; wing veins, including base of costa, entirely dark-scaled;
abdominal tergites dark-scaled, each with a transverse basal band of white
scales.

Male: Palpus dark-scaled, longer than proboscis by about half the
length of last palpomere; apex of third and edges of fourth and fifth
palpomeres with dense fringes of long dark setae; basal lobe of gonocoxite
large, with its setose surface slightly concave, somewhat triangular or
quadrate, oriented mediodorsally, and thus entirely visible in dorsal view; a
single enlarged medially directed bristle arising from proximolateral corner
of basal lobe; apical lobe well-developed, with short, curved, flattened,
ventrally directed setae along medial margin; claspette filament short,
inflated, without crest on convex side, droplet-shaped in cross section.
Coloration and arrangement of scales as in female.
Larva. Head setae 5-C and 6-C each with two to four branches;
prothoracic setae 2-P and 3-P approaching l-P in le;gth and thickness;
metathoracic seta l-M as long as head seta 5-C; abdominal segment III
lacking a well-developed dorsolateral seta (1-III); lower lateral seta (7-II) of
second abdominal segment usually double and over half as long as upper
lateral seta (6-II); all pecten teeth evenly spaced; other characters as in
Table 3. Characters unique to this species seem to be lacking.

Remarks. A member of the punctor subgroup (Knight 1951), this
species, either male or female, is scarcely separable from punctor or

hexodontus, with which its range overlaps along the coast of British
Columbia. However, the larva, having an incomplete saddle and multibranched head setae, is easily distinguished from punctor and hexodontus,
but resembles mercurator or schizopinax.
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In the female, the submedian stripes of the scutum are bronzy brown,
darker than the adjacent sublateral areas, and usually separated medially by
a narrow median stripe of lighter brown scales, whereas in punctor, the dark
brown submedian bands are usually confluent medially (that is, there is
scarcely any evidence of a lighter median band, except for the occasional
lighter scale). The few specimens we have seen that we believe belonged to
this species were larger than punctor.

In the male, the seta-bearing portion at the apex of the third palpal
of the segment, and this

segment occupies between one-third and one-half
area may be significantly different from punctor.

Biology. An inhabitant
_
Pacific

of temporary rain and snow pools in the wet
coastal forest, larvae of aboriginis are one of the eirliest species to
appear in spring (Hearle 1926, Boddy 1948). Curtis (1967) did not find the
species east of Chilliwack, although it has been recorded from the wet,
heavily timbered western slopes of northern Idaho as well as the cascades of
Washington and Oregon (Stage et al. 1952). The species has not been
collected in the interior wet belt of British columbia on the west slopes of
the Selkirk Range, although it may occur there. In southern Alaska lawae
occurred from May to July in roadside ditches, associated with Aedes
pullatus, A. punctor, and Culiseta impatiens (Frohne and Sleeper 195 l). In
Washington, larvae were found at the edges of open marshes and grassyedged temporary pools (Boddy 1948).
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Collection localities for Aedes aboriginis

in

Canada:

.

specimens we

Adults appear in southwestern British Columbia in mid-June (Hearle
1926). The females have seldom constituted a serious problem except in
certain situations, such as the Olympic Peninsula, Washington (Stage et al.
1952). Dyar (1917b) observed males of this species swarming in the
morning beside the trunks of large cedar trees. The swarrns were 2-3 m
above the ground. Although some rays of the sun penetrated the dense
canopy, the swarming areas were heavily shaded.

Distribution. Western North America, from southwestern Alaska
south to Oregon and Idaho. Twinn (1949) recorded aboriginis from Saskatchewan, the only record east of the Rocky Mountains. We have not
located any specimens and have decided to ignore the record as a
misidentification.
Aedes abserratus (Felt & Young)
Plate l1; Figs. 151, 183; Map 10

Culex abserratus Felt and Young, 1904:312.
Aedes centrolzs Howard, Dyar, and Knab, l9l7 747.
Aedes dysanor Dyar, 1921b:70.
Aedes implacabilis, authors before 1954, not Walker, 1848.

Adult. Female: Integument medium brown; proboscis and palpus
dark-scaled; pedicel scaled on dorsomedial half, with scales dark medially,
pale dorsally; scales of vertex, upper two-thirds of postpronotum, and all of
scutum bronzy or coppery brown; submedian stripes of scutum, if visible at
all, of narrower and sometimes slightly darker scales; probasisternum and
membrane between cervical sclerite and dorsolateral corner of probasisternum usually with some scattered pale scales; postprocoxal membrane,
anterodorsal corner of katepisternum, and all of mesepimeron pale-scaled;
lower mesepimeral setae present; tibiae and first tarsomeres dark-scaled
dorsally, pale-scaled ventrally; remaining tarsomeres dark-scaled; wing veins
including base of costa dark-scaled; abdominal tergites dark-scaled, each
with transverse basal band of white scales.

Map 10. Collection localities for Aedes abserratus in Canada:

.

specimens we

examined. A literature records.
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Male: Palpus usually slightly longer than proboscis; apex of third
palpal segment with a tuft of long setae that extends beyond apex of fourth
segment; fourth and fifth palpal segments with dense lateral and medial
fringes of long setae; postprocoxal scale patch sometimes reduced to two or
three scales; coloration and scaling as in female; scutum usually uniformly
yellowish brown or with poorly defined submedian stripes of slightly narrower and slightly darker scales; dorsomedial surface of gonocoxite strongly
excavated distal to basal lobe; basal lobe rather prominent, thumb-like, with
its setose surface directed posteriorly, at right angles to dorsomedial margin
of gonocoxite, bearing a dense tuft of setae subtended by an enlarged but
not more strongly sclerotized seta (because it lacks darker pigment, this
enlarged seta is indistinct and could be overlooked; it is best recognized by
the presence of a large socket); apical lobe of gonocoxite prcminent, evenly
rounded, with its median edge fringed with short, flattened, ventrally curved
setae; claspette filament short, somewhat inflated, without crest on convex
side, droplet-shaped in cross section.
Larva. Prothoracic setae 2-P and 3-P as long and as thick as one of
the branches of l-P; pecten teeth may be evenly spaced or one or two distal
teeth may be more widely spaced than the rest; comb scales five to seven,
each long and slender with minuscule subapical spinules; saddle completely
encircling anal segment; siphon three times as long as wide (about two and
one-half times in hexodontus); anal papillae no longer than siphon (nearly
twice as long in most northern specimens of hexodontus); upper caudal seta
2-X single, as long and as thick as seta 3-X immediately ventral to it. Other
characters are given in Table 3.
No other

species

of Aedes has the

upper caudal seta 2-X single;

therefore larvae of abserratus can usually be recognized by this character.
Because one or both of these upper caudal hairs can be broken off at the
base, 3-X can be mistaken for 2-X. If both upper caudal setae are broken,

abserratus can

still be distinguished from

hexodontus,

with which it

undoubtedly coexists in the northern fringes of the boreal forest of Ontario
and Quebec, by the proportions of the siphon, by the shorter anal papillae,
and by the unbranched upper lateral abdominal setae.

Remarks. The male terminalia illustrated by Carpenter and LaCasse
(1955: Fig. I 15, p. 150) as abserratus appear to be those of punctor.

Biofogy. Aedes abserratus overwinters in the egg stage and has only
one generation in spring. A technique of rearing eggs of this species to
adults has been developed by Brust and Kalpage (1967). The larvae of
abserratus have been taken in a variety of situations, from roadside ditches
and the edges of permanent or semipermanent cattail and sedge marshes to
the edges of muskeg pools (Price 1963, Pickavance et al. 1970). We also
have taken larvae in all these situations in the Ottawa area, but always in or
at the edge of wooded or shrubby situations. The larvae were most abundant, however, in boggy situations, usually associated with larvae of Aedes
punctor, canadensis, and cinereus. They were not taken in temporary pools

l3l

in hardwood forest, where Aedes communis, diantaeus, and intrudent were
abundant.

On the Avalon Peninsula, Nfld., abserratus was second only to punctor
in abundance (Pickavance et al. 1970). However, in Ontario, we have not
found it to be a common species. Parkin et al. (1972) have isolated the virus
of California encephalitis from females of abserratus, and it, along with
intrudens, has been shown to transmit larvae of the beaver filarioid,
Dipetalonema sprenti Anderson (Addison

197

3).

Distribution. Eastern North America, from Manitoba and Illinois
east to Newfoundland, Nova Scotia, and Massachusetts.

Aedes aloponotum Dyar
Plates 9, 12; Map I

1

Aedes aloponotum Dyar, l9l7 b:99.

Adult. Female: Integument reddish brown; proboscis mostly darkscaled; palpus dark-scaled, with same pale scales at base of second palpomere, and fewer pale scales at base of third, not forming basal pale ring as
in excruciam; pedicel pale-scaled on medial half; vertex, upper two-thirds of
postpronotum and scutum predominantly yellowish brown scaled, resembling riparius but not so orange and without the whitish scales present in
excrucians (can only be judged by comparison with known material);
postprocoxal membrane with scales; hypostigmal area bare; pleural scales
more yellowish than those of excrucians; scales of katepisternum extending
to its anterodorsal corner; lower third of mesepimeron bare; lower mesepimeral setae absent; tibiae predominantly dark-scaled dorsally, pale-scaled
ventrally; first fore tarsomere mostly pale-scaled basally, mostly dark-scaled
apically but without definite basal pale ring; first mid and hind tarsomeres
similar, but with distinct basal ring; remaining tarsomeres dark-scaled' each
with broad basal ring of white scales except last fore tarsomere; tarsal claw
straight basally, moderately and evenly curved distally, subbasal tooth
relatively small, usually intermediate between that of riparius and of
euedes; wing veins with mixed pale and dark scales throughout; abdominal
tergites dark-scaled, each with narrow yellowish-scaled transverse basal
band and a few scattered pale scales.

Male. Palpus longer than proboscis by more than half the length of
last palpomere, dark-scaled, with transverse basal pale-scaled band on
second, third, and fourth tarsomeres; middorsal region of third palpomere
with scattered pale scales; apex of third palpomere with dense tuft of long
dark setae extending beyond base of last palpomere; fourth palpomere with
medial fringe of long setae and lateral and ventral fringes of shorter setae;
coloration and scaling of thorax, legs, and wings and shape of hind tarsal
claw as in female; basal lobe of gonocoxite not differentiated, with long
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medially directed seta, setose area extending from base of gonocoxite along
mediodorsal edge nearly to apical lobe; apical lobe not extending distal as
far as base of gonostylus (that is, not as long as in euedes); claspette
filament with flange on convex side.

Larva. Head seta 5-C with two to four branches; seta 6-C with two or
three branches; integument of thorax and abdomen furry with small microtrichiae that are longer and denser than those of spencerii, hence readily
visible under a dissecting microscope at 40x or more; otherwise apparently
indistinguishable from exuucians.
Boddy (1948) noted, in addition to the differences given above, that the
upper lateral abdominal setae, series 6, of segments III-VI were double in
aloponotum, whereas they were single in excrucians. Many of our excrucians larvae do have the upper lateral setae 6-III to 6-VI single, but others
have varying numbers of these setae double; in a few larvae these setae are
all double, and the character is not entirely reliable.

Biotogy. Larvae of aloponotum were collected from a pond heavily
overgrown with Veronica scutellata (Dyar 1924b), in a flooded semipermanent pond, in nearby marshy areas (Boddy 1948, Gjullin et al. 1968), and in
wooded and semiwooded areas (Gjullin and Eddy 1972). The species has
been mistaken for excrucians for so long that nothing more definite can be
said about its biology. Hearle (1927a), in referring to large numbers of
biting aloponotum, was probably dealing with an assortment of related
Aedes.

Distribution. Western North America, from southern British
Columbia south to Oreson and Idaho.

Map 11. Collection localities for Aedes aloponotum in Canada:
examined, a literature records.
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Aedes

at r o pal pu

s (Coquillett)

Plate 13; Fig. 160; Map 12

Culex atropalpus Coquill ett, 1902a:292.

Adult. Female: Integument dark brown; proboscis and palpus darkscaled; pedicel with a small group of pale scales on dorsomedial corner;
vertex with yellow recumbent scales only, the erect forked scales confined to
occiput; postocular setae few, rather widely and regularly spaced; median
and submedian stripes of scutum confluent, entirely dark brown scaled;
sublateral area anterior to transverse suture entirely yellow-scaled, brownscaled posterior to suture, separated from submedian stripe by narrow line
of yellow scales; lateral stripe yellow-scaled; postprocoxal membrane,
hypostigmal area, paratergite, and metameron without scales; scales of
katepisternum in two patches: a posterodorsal and a posteroventral one;
lower third of mesepimeron bare; tibiae and first and second tarsomeres
(and third and fourth hind tarsomeres as well) each dark-scaled except for
narrow basal and apical ring of white scales; last hind tarsomere entirely
white-scaled; tarsal claws rather straight, curving ventral on apical third,
those of hind leg each lacking subbasal tooth; costa basal to humeral
crossvein white-scaled; remaining wing veins dark-scaled; abdominal tergites
dark-scaled, each with narrow transverse basal band of white scales: cercus
short, rounded, inconspicuous.
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Map 12. Collection localities for Aedes atropalpus in Canada:

V

.

specimens we

examined, A literature records.
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Aedes arropalpus

Male: Palpus dark-scaled, two-thirds as long as proboscis, with scattered setae, but lacking dense fringes or tufts; hind tarsal claw lacking
subbasal tooth; gonocoxite without apical lobe; basal lobe with a group of
setae but lacking an enlarged spine; claspette stem with a small median seta
between mid length and filament; claspette filament a simple tusk-like
curved unadorned rod. Coloration and arrangement of scales similar to
female.

Larva. Antennal seta l-A short, with at most three branches; mesothoracic seta l-M as long as l-P and usually double; siphon short and
narrow, only a little longer than segment VIII; distal pecten teeth more
widely and irregularly spaced than proximal teeth, the last tooth arising well
beyond siphonal tuft and usually close to apex of siphon; abdominal seta
l-VIII reduced, usually double rather than multiple, and about as long as
adjacent seta 2-VIII; saddle reduced, even in fourth instar, scarcely enveloping dorsal third of anal segment; saddle seta l-X arising from membrane
ventral to ventral edge of saddle; anal papillae greatly elongate. Additional
characters given in Table 3.
This is the only species in Eastern Canada, along with togoi on the
Pacific Coast, in which the saddle seta (1-X) arises outside of the reduced
saddle, even in the fourth instar. In the second and third instars of other
species, this seta usually arises at the edge of the saddle, the last pecten
tooth arises nearer the middle than the apex of the siphon (except in
cataphylla), the anal papillae are usually shorter, and the mesothoracic seta

l-M

is usually shorter and single.

Biology. Larvae of A. atropalpus inhabit rock pools, that is, depressions along rocky shores or in empty riverbeds below natural or artificial
dams. The species overwinters as an egg, hatching in spring "when pussy
willows and red maples bloom" (Shaw and Maisey 196l). Thereafter,

atropalpus breeds continuously, as long as water remains in the rock pool,
usually-until October (James 1964). Eggs are laid singly above the existing
waterievel on the rock pool wall (Breeland et al. 1961) or on the water itself
(Hedeen 1953, Kalpage and Brust 1974); hatching takes place after the eggs
have dried and been reflooded. Mosaic hatching (Hedeen 1953) occurs when
not all eggs hatch on the first reflooding (eggs of the tree-hole species,

triseriatus, also hatch this way). Eggs laid in late summer enter diapause as
a result of the effect of decreasing photoperiod on mature larvae and pupae.
Once in diapause, eggs may be stored moist at 20'C for many months
without hatching. Either a 20-day exposure to high temperatures (30'C) or

a 3-month exposure to long photoperiod (light-to-dark ratio 16:8) is
required to terminate diapause. Light acts directly on the egg itself,
p.obabty through the micropyle, because eggs with the micropyle covered
did not iespond (Kalpage and Brust 1974). After eggs have been in diapause
for 60-90 days, however, they hatch in about 5 days at 30'C. The latvae are
vegetatively phototropic, burrowing in the bottom detritus for long periods.
nrlificial containers such as concrete septic tanks, trees, and even a tree hole
(Hedeen 1953) have also been utilized by atropalpus (Breeland et al. l96l).
t37

Developing larvae and pupae produce a soluble substance in the
surrounding water that acts as an oviposition attractant (Kalpage and Brust
1973). The attractant remains effective for several weeks.

Aedes atropalpus was previously considered (and still is by some
authors) as a species with both autogenous and anautogenous populations,
but the latter have been segregated as a distinct species, A. epactius Dyar &
Knab, found in the southwestern USA, Mexico, and Central America
(Zavortink 1972, Brust 1974). Hudson (1970) has shown for atropalpus
that egg development in the first gonadotrophic cycle is solely dependent on
the quality and quantity of the larval diet. Adult females from her laboratory culture did not require food, either a blood meal or a carbohydrate meal,
for their first gonadotrophic cycle, and neither meal, even when imbibed,
had any effect on the number of eggs developed. Q'Meara and Craig (1970)
and Brust (1974) also found atropalpus to be entirely autogenous in the
first gonadotrophic cycle. Hudson (1970) found that females deprived of
carbohydra[e laid most of their eggs within a few days of emergence,
whereas sucrose-fed females retained some of their eggs for as long as 9
months postemergence, a mechanism that under prolonged conditions of
drought, could ensure the populations' survival. After oviposition, however,
a blood meal can provide sufficient nutrient for a second batch of eggs. This
may explain why atropalpts has been collected while it was blood-feeding in
Ontario and Quebec and has been reported as causing annoyance in
Minnesota (Owen 1937, Barr 1958). However, further studies are needed to
determine if biting females taken in the field are always parous or whether
some are nulliparous. If nulliparous, then do they require blood to complete
the first ovarian cycle?

Distribution. Eastern North America. from Minnesota and Newfoundland (Labrador) south to Alabama.

Aed es au

r

iter (Coquillett)

Plate 14; Figs. 138, 175; Map l3

Culex aurifer Coquillett, l9\3a:255.

Adult. Female: Integument medium to dark brown; proboscis and
palpus entirely dark-scaled; pedicel dark-scaled on mediodorsal third;
occiput yellow-scaled laterally; vertex with a narrow middorsal wedge of
yellow scales flanked by a spot of dark brown scales; scutum with a very
broad middorsal patch of dark brown scales occupying all of median,
submedian, and postsutural sublateral stripes, as well as medial half of
presutural sublateral area; lateral half of presutural sublateral area, lateral
stripe, prescutellar depression, and most of postpronotum with yellowish
brown scales; acrostichal and presutural dorsocentral setae few or none;
postprocoxal membrane, hypostigmal area, anterodorsal corner of katepisternum, lou'er third of mesepimeron, and metameron without scales; lower
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mesepimeral setae absent; fore coxae usually extensively brown-scaled;
tibiae dark-scaled except for narrow line of paler scales ventrally, tarsi
entirely dark-scaled; wing veins including base of costa dark-scaled; abdominal tergites dark-scaled, each with lateral spot of white scales, usually visible
only from below on segments I to IV, more conspicuous from above on
segments V to VII; cercus long, slender, black-scaled.

Male:

Palpus entirely dark; apex of third palpo5nere with dense tuft of
of fourth segment; fourth and fifth
palpomeres fringed laterally and medially with long setae; apex of gonocoxsetae that does not extend beyond apex

ite with posteriorly directed pencil-like tuft of long setae arising from
ventromedial angle; basal lobe of gonocoxite with a single long curved
distally directed spine; claspette stem bearing a minute seta near its apex;
claspette filament cleaver-like with long cylindrical base and well-developed
crest on convex side, with pronounced retrorse angle.
Larva. Antenna peculiarly whitish translucent and swollen basally,
black distal to antennal seta 1-A; base of head setae 5-C,6-C, and 7-C
aligned in a straight line; setae 5-C and 6-C with only two or three branches;
siphon long and slender; distal two or three pecten teeth more widely spaced
than proximal teeth; saddle enveloping three-quarters or more ol anal

segment, its posteroventral angle truncated; remaining characters given in

Table

3.

No other

species

of

Aedes has the antenna swollen basally, with

translucent base and black apex.

Biology. Aedes aurifer is usually an uncommon species in Canada,
although it is locally abundant in flooded areas along the St. Lawrence
River in Quebec (Maire, personal communication). In the Ottawa area, we

Map 13. Collection localities for Aedes aurifer in Canada: .
examined, A literature records.
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specimens we

have encountered aurifer larvae in moderate numbers only in one location, a
semipermanent marsh between a roadside and woodland at Dunrobin, Ont.
The marsh was an enlargement of a slow-flowing stream, and the water was

choked with rotten plant material and brown algae. A few larvae of
excrucians and riparius were also present. Even though aurifer was the
most common species, no more than two or three larvae could be caught
with each sweep of a dip net. In New Jersey, larvae were taken in cranberry
bogs, usually aisociated with emergent vegetation some distance from shore
(Carpenter and LaCasse 1955).

Distribution. North America, from Minnesota and Illinois east to
Maine and Maryland. Twinn (1949) included Manitoba in the range of

exist to support this record, and the species has
aurifer,
-been but no specimens
taken there since. We have omitted Manitoba from the distribution
not
map.

Aedes camqestris DYar & Knab
Plate 15; Figs. 77, 116, 163; MaP l4

Aedes campestris Dyar and Knab, l9O7 b:213.
Aedes cal lithotrys Dyar, 1920a:l 6.

Adult. Female: Integument medium brown; proboscis and palpus
predominantly dark-scaled, with scattered pale scales; pedicel almost comptetety encircled with pale scales; scales of upper half of postpronotum and
of median, submedian, postsutural sublateral, and presutural lateral stripes
of scutum pale reddish brown, those of dorsocentral stripe and presutural
sublateral area creamy white to yellowish, resulting in five alternating bands
of about equal width, three reddish brown separated by two paler yellowish
bands; probasisternum extensively scaled; pleuron except for proepimeron,
anterior part of postspiracular area, anteroventral part of katepisternum,
mesomeron, metepisternum, and metepimeron entirely covered with creamy
white scales; tibiae predominantly pale-scaled, with scattered dark scales on
anterior surfaces; bisal tarsomeres mostly dark-scaled except for scattered
pale scales, and a fairly well defined pale apical ring; secord tarsomeres
dark-scaled, with distinct basal white ring, usually also with apical white
ring; remaining tarsomeres of forelegs and midlegs mostly dark-scaled and
of hind leg with fairly distinct basal and apical rings, except last hind
tarsomere, which is predominantly white-scaled; tarsal claws, especially
front claw, long and strong with relatively long subbasal tooth, each rather
strongly bent ventrally beyond subbasal tooth; scales of wing veins mixed
pale ind dark, with the pale ones usually predominant; dorsum of abdomen
with at least a well-defined median band of pale scales separating lateral
brown-scaled areas, varying to almost entirely pale-scaled'
Male: Palpus relatively pale, with mixed pale and dark scales and
with long, yellowish, brown-tipped setae at apex of segment III and medial

t4l

and lateral fringes on remaining two segments; scutum usually colored as in
female, but sometimes uniformly yellowish, without middorsal stripe; basal
lobe of gonocoxite with a long enlarged seta arising near apex of lobe and
three or four shorter enlarged setae arising from posterolateral corner of
lobe, neither long nor short enlarged setae more strongly sclerotized than
remaining fine setae, and hence not as readily discernible as in dorsalis and
melanimon; apical lobe of gonocoxite prominent in comparison with the
latter two species; claspette filament sickle-shaped without prominent crest
or elongate cylindrical stem.

Larva. Head seta 5-C with two or three branches; seta 6-C usually
single; seta 7-C with eight or more branches; mesothoracie seta l-M two- or
three-branched and as long as head seta 5-C; dorsolateral abdominal setae
1-III to I-VII reduced, much less than half as long as lateral abdominal
setae of same segments; pecten teeth occupying basal half of siphon, the
distal teeth usually more widely spaced than the basal teeth, but occasionally being uniformly spaced (campestris larvae must, therefore, be keyed out
twice, see pp. 115, 120);siphon about three times (range 2.8-3.2) as long as
maximum width and slightly longer and narrower than that of dorsalis or
melanimon; saddle reduced, barely covering upper half of anal segment;
anal papillae bud-like, usually shorter than saddle, occasionally longer

(Mclintock 1944); other characters

as in Table 3.

A close relative of dorsalis, campestris may be differentiated from it by
its two- or three-branched head seta 5-C (which is single or rarely double on
one side in dorsalis) and by the reduction of the d-orsolateral abdominal
setae l-III to 1-VIL Apparently no single character is unique to this species.

Biology. Aedes campestris overwinters in the egg stage. Rempel
(1950) and Barr (1958) considered this species to be univoltine, but at
Churchill, Man., both diapause (75Vo) and nondiapause eggs (25Vo) were
found (Brust 1968 and personal communication). However, 88 batches from

Map 14. Collection localities for Aedes campestris in Canada:
examined,
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Plate 15. Aedes campestris
t43

several prairie localities were almost entirely nondiapausing (Tauthong
1975, Tauthong and Brust 1977a). Thus campestris is essentially univoltine
in the north, but multivoltine farther south.

Larvae have been collected in a variety of open situations, including
prairie alkaline sloughs that have a pH of 8.4 and are rich in organic matter
(Gibson 1937, Rempel 1950, 1953), temporary or semipermanent snowmelt,

rain pools, roadside ditches (Mclintock 1944), and subarctic pools in birch
and willow scrub at tree line (Hocking et al. 1950). Larvae may develop to
pupation at l5oC, but they do not live to produce adults (Tauthong and
Brust 19770). Optimum development and survival occurred at 23oC.
Females usually rest in grass by day and feed at night, but they will
bite during the day when disturbed (Dyar 1922b, Mclintock 1944). Beckel
(1955) found that caged females preferred to oviposit on open water rather
than on filter paper. The species is one of the dominant pest species at
Kamloops, B.C., where it appears early in the season (Gibson 1929). Gibson
(1936) estimated that campeslris entering Kamloops came from a breeding
site l0 km away.

Males swarm after sunset close to the tops of small pine trees (Dyar
1922b) and in forest clearings 2-4 m above ground near Churchill, Man.
(Hocking et al. 1950).

Distribution. North America, from Alaska and Oregon east

to

Manitoba, Michigan, and Texas; also the coasts of Hudson Bay and James
Bay.

Aedes

ca n ad

e n s is

(Theobald)

Plate 16; Fig. 192; Map l5

Culex canadensis Theobald, I 90lb:3.
Culex nivitarsis Coquillett, I 904: I 68.

Adult. Female: Integument reddish brown; proboscis and palpus
entirely dark-scaled; pedicel with at most a few small dark scales medially;
scutal integument pale reddish brown, with evenly distributed narrow pale
yellow scales that are slightly darker medially, lighter laterally, otherwise
without pattern; scutal setae brown; postprocoxal membrane, hypostigmal
area, anterodorsal corner of katepisternum, and lower third of mesepimeron
bare; mesepimeral bristles absent; tibiae dark-scaled except for narrow ring
of white scales at base and at apex; basal tarsomeres similar, but with more
conspicuous white rings, especially on hind leg; remaining tarsomeres on
fore- and mid-legs mostly dark-scaled; second tarsomere usually with a
basal and apical ring or spot of white scales; third tarsomere usually with at
least a basal white spot; hind tarsomeres conspicuously banded basally and
apically with white scales, the basal and apical bands subequal in width; last
144

hind tarsomere entirely white-scaled; wing veins, including base of costa,
entirely dark-scaled; abdominal tergil.es usually dark-scaled, each rvith basal
lateral patch of white scales, sometimes each with compiete transverse basal
band of white seales.

Male:

Palpus m<lstly dark-scaled, about as long as proboscis; segand also usually II and V each with basal band of white
scales; apex of segrnent III and all of IV bearing tufts of long setae; scutum
and legs as in female; abdominal tergites each with rather prominent
inversely U- or V-shaped white basal band of white scales connecting lateral
triangular patches; basal lobe of gonocoxite prominent, rounded, with
seta-bearing surface slightly convex and strongly oriented dorsaliy; setae
shortest laterally, increasing in length to medial edge; apical iobe of
gonocoxite broadly rounded, bearing short stout setae; claspette filament
cyline!rical, tusk-like, without blade.
ments

III, IV,

Larva. Usually darkly pigmented, with reddish brown head eapsule;
head setae 5-C and 6-C each with five or more branches. their bases not
forming a straight line with base of seta 7-C; prothoracic setae 2-P and 3-P
less than half as long as and finer that seta I -P; prothoracic seta 5-P single;
mesothoracic seta l-M rninute; pec!.en teeth evenly spaced; anal papillae
longer than anal segment; each comh scaie usually with subapical spinules
almost as long as median apical spine, thus rounded apically, but specimens
from some parts of Quebec have shorter subapical spinules and therefore
key to sticticus in Carpenter and LaCasse (1955); other characters as in
Table 3.
A common, widespreacl, and rather late occurring species, often mixed
with cinereus, which also has head setae 5-C and 6-C each with five or more
branches, but from which it may be separated by the nonlinear arrangement
of these setae (5-C to 7-C) and by the evenly spaced pecten teeth. Only
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Map tr5" Collection locaiities for Aedes canadensis in Canada:
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specimens rve

a literature records.
145

three other species, thibaulti, pionips, and pullatus, have head setae 5-C
and 6-C with five or more branches and evenly spaced pecten teeth; the head
setae are arranged iinearly (with 7-C)
l-M is elongate in pionips and pullatus.

in thibaulti, and mesothoracic seta

Remarks. Pickavance et al. (1970) reported an unusual adult of
canadensis from Newfoundland in which the first and second hind tarsomeres have the normal basal and apical white-scaled rings, but the third
tarsomere has only a basal white ring and the last two tarsomeres are
entirely dark-scaled. They assigned it to the subspecies matheson Middlekauff, which is otherwise known only from the southeastern USA. We
have not seen this specimen, nor one like it from Canada. From such widely
separated localities it is hardly likely to be a subspecies, but it could
represent anything from a rare recessive allele to another species. Because
the comb scales of some populations of canadensis are pointed and some are
rounded and the species is univoltine in some populations and bivoltine in
others, it could be a complex of sibling species"

Biology. Although overwintering eggs of csnadensis usually hatch in
spring, as do those of most Aedes, their hatching and subsequent development is decidedly irregular compared to other Aedes. Early workers suspected a staggered hatch (Dyar 1922b, Rudolfs 1929).In Tennessee, Breeland
et al. (1961) found hatching took place from the beginning ofApril through
May, and he postulated that hatching of some of the overwintering eggs was
delayed" Bickley and Whitlan (1956) found canadensis larvae in rnidAugust in a pool that this species had vacated the previous mid-May. Belton

and Galloway (1966) and Siverly and DeFoliart (19684) also suspected
either a staggered hatch or a second generation. Brust (1968) has shown
that in Manitoba 3O7o of eggs laid by this species were nondiapausing, and
these eggs hatched in nutrient broth at room temperature about 2 wk after
oviposition.

The larval habitat is diverse. In the Ottawa area, we found canedensis
most numerous associated with cinereus in small open pools in a sphagnum
bog. The larvae were only in the second and third instars when punctor, in
more shaded pools, was mature. At Radisson, Q.re. (53"45'N), however,
canadensis larvae were contemporary with punctor, being among the first
species to appear long before cinereus (Maire and Aubin 1975). Nevertheless, small numbers of larvae were present until the third week of August,
again suggesting a staggered hatch because of the presence of some nondiapausing eggs or some exceptionally cold or shaded habitats.

In northern Minnesota, Price (1963) found larvae of cqnadensis in
temporary woodland pools, roadside ditches, cattail and sedge marshes, and
muskeg pools. Rudolfs and Lackey (1929) described the habitat for canadensis as a temporary woodland pool, with shrubs and dense cinnamon fern,
that by midsummer was dry and fully shaded. Mclintock (1944) usually
found larvae in locations protected by trees and shrubs, but some canadensis
were found in open prairie pools at Winnipeg.
146

(r-\\
-"t--'
\-

_/--\

\=_/\

.-'\
\,/-\

\
\

nid

.''
+,\ 1:

.''
\,.\,a.-\.\
hrnd

I talsa

claws

Aedes canadensis

r47

Females were attracted to and engorged on a variety of small mammals, birds, amphibians, and reptiles (Hayes 1961), but they were more
attracted to mammals than to the other hosts. In Alberta, females were
readily caught in traps baited with chicken (Graham 1969a). The virus of
California encephalitis has been isolated from this species (Parkin et al.
19?2). According to Carpenter and Nielsen (1965), ovarian follicles of
female canadensis coming to bite were in stage I or II.

Dyar (19196) observed a small swarm of male canadensis after sunset
at Prince Albert, Sask., over an overgrown road between dwarf spruces in a
swamp, near another swarm of male pionips.

Distribution. North America, from Yukon Territory,

Washington,

and Texas east to Newfoundland and FloridaAed es cant at

a

r (Coqui llett)

Piate 17; Fig.78; Map

Culex cant ator Coquillett,

16

1903 a:25 5.

Adult. Female: Integriment reddish brown; proboscis entireiy darkscaled; palpus mostly dark-scaled, with a few scattered white scales; pedicel
dark-scaled medially, pale-seaied dorsally; scutum medium brown, uniformly covered with pale yellow scales without pattern; postprocoxal membrane,
hypostigmai area, and lower third of mesepimeron without scales; mesepimeral bristles present; fore coxa mostly brown-scaled; tibiae mostly darkscaled; tarsomeres each with narrow basal ring of pale yellow scales, the
width of each ring usually no more than one-quarter the length of respective
tarsomere; tarsal claws nearly straight, with slightly down curved apex; a
small subbasal tooth present only on fore and mid claws, lacking on hind
claws; wing veins dark-scaled; abdominal tergites each with basal transverse
band of white scales; first abdominal sternite with some pale hairs and a few
scales.

Male:

Palpus entirely dark-scaled, about as long as proboscis, apical
third of segment III and all of segment IV with long dense tufts of setae;
legs, wings, and coloration of scutum as in female; hind tarsai claws usually
lacking subbasal tooth, occasionally one or both may have a small tooth;
basal lobe of gonocoxite rather smail, conical, with iong medially directed
spine; apical lobe present, but not prorninent; claspette filament sickleshaped with somewhat expanded keel on convex side.

with four or iive branches (rarely three
or up to ten); seta 6-C with two to eight branches; mesothoracic seta l-M
single, as iong as head seta 5-C; dorsolateral abdominal setae i-III to 1-VI
and ventrolateral abdominai setae 13-III to l3-VI double, about two-thirds
as long as upper laterai setae (6-III to 6-VII) of their respective segments;
pecten teeth evenly spaced; saddle reduced, occupying only upper half of

Larva.

148

Heactr seta 5-C usually

anal segment; anal papillae extremely small" often encrusted with protozoa
deposits, and easily mistaken for the stumps of normal-sized
papillae that were broken off.

or other

A nondescript species, perhaps best recognized by its habitat (coastal
salt marshes), by the contrast between head setae 5-C and 6-C (the latter
almost always with fewer branches), by the elongate mesothoracic seta 1-M,
and by the minute anal papillae.

Biology. A species found in coastal salt marshes. Aedes cantator has a
wider range in Canada than has sollicitans, the other salt marsh species.
Both species are multivoltine, overwintering in the egg stage. Aedes contator
is the rnore common of the two in early spring in New Jersey, whereas
sollicitans is more comrnon in midsummer, possibly because of lower
salinity in the marshes at that time (Headlee l9l6). Larvae of cqntator are
tolerant of high salinity (Chapman 1959), although they prefer fresh or
brackish water (Mitchell 1907). They occur mainly in pools periodically
refilled by extra high tides and by summer rains, which because of the stable
water table may not need much rain to keep them wet. Along the east coast
of James Bay, Que., Maire and Mailhot (1978) found very large populations
of larvae (75 000/m3) in numerous shallow depressions along the tidal zone
that had been created by large blocks of ice that had been forced on shore
during the previous winter. Along the coast of New Brunswick we were
unable to find many larvae in salt marshes that were connected directly to
the ocean, evidenttry because of the presence there of fish, but larvae were
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Map 16. Collection localities for Aedes cantator in Canada: . specimens we
exarnined" a iiterature records.
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present in enormous numbers in certain small impounded pools. In one such

pool in mid-August, we found cantator predominantly in the larval stage
and sollicitans emerging as adults, which suggests that they may not be in
direct competition.
Females of cantator and also sollicitans and a southern relative Aedes
taeniorhynchas (Wd.) are infamous for their mass migrations inland.
Mitchell (1907) observed that males accompanied the females on these mass
flights. At Sackville, N.8., blood-seeking females appeared in large numbers
at sunset, although they had not been in evidence during the day, even on
overcast days.

Distribution. Atlantic Coast of North America, from Newfoundland
south to Virginia; also in saline pools in inland New York.

Aedes cataphylla Dyar
Plate 18; Figs. 98, 156; Map
Aedes prodotes Dyar, 1911

17

c:llB.

Aedes cataphylla Dyar, 1916:86.
Ae de s p acifi cens i s Hearle, 1 929 c:101.

Adult. Female:
dark-scaled, but

Integument dark brown; proboscis and palpus mostly

with numerous scattered white

scales; pedicel and first
flagellomere mostly white-scaled; scutum mostly or entirely pale brown
scaled, if whitish scales present, confined to lateral area, prescutellar area,
and middorsocentral spot, with sometimes a few scattered pale scales on
median stripe on posterior half of scutum; sublateral area with numerous
brown setae; postpronotum brown-scaled or partly brown-scaled above,
pale-scaled on lower portion, usually with several setae along dorsal margin;
postprocoxal membrane with scales; anepisternum almost entirely covered
with scales; katepisternum extensively scaled along dorsal and posterior

margins; mesepimeron scaled to lower margin; mesepirneral bristles present;

tibiae and tarsi mostly dark-scaled dorsally, pale-scaled ventrally; tarsal
claws small, evenly curved, each with short subbasal tooth; costa with patch
of white scales basally, remainder mostly dark-scaled but with scattered
white scales; subcosta and R, also with scattered white scales; remaining
wing veins dark-scaled; abdominal tergites dark-scaled, each with broad
basal transverse band of white scales.

Male: Proboscis with scattererl pale scales basally; palpus about as
long as proboscis; second and third palpomeres predominantly pale-scaled
dorsally; fourth palpomere with as many pale as dark scales; last palpomere
dark-scaled; apex of third and all of fourth palpomere with tufts of long
dark setae; legs and wing as in female; scutum same color as in female;
pleuron not as heavily scaled; medioventral edge of gonocoxite with numerous, long, parallei, medioventrally directed setae; basal lobe of gonocoxite
conical, with single $trong medially directed bristle subtending a single row
somewhat parallel-sided, subtruncate apically;
claspette filament with expanded flange on convex side arising at base of

of long setae; apical lobe

filament'

r5r

Larya. The only species in which the siphonal tuft arises proximal to
middle of siphon, and in which the distal pecten teeth, though irregularly
and often asymmetrically arranged, usually extend almost to the apex of the
riphon. Usually two or more pecten teeth arise distal to siphonai tuft. Aedes
atropalpus, with similarly arranged pecten teeth, occurs allopatrically in
Eastern Canada and has a much shorter siphon and a reduced saddle with
seta 1-X arising ventral to saddle margin. Aedes nigripes, which usually also
has widely spaced distal pecten teeth extending beyond siphonal tuft, usually
has the saddle encircling the anal segment"

Biology. This species overwinters in the egg stage and except for the
overwintering species is one of the earliest species to appear in spring at
Ednronton (Strickiand 1938) and Kamioops (Gibson 1929)" A deep snow
cover favors a large hatch (Gibson 1932). The first instar was described and
drawn by' Bohart (1 954).
Fernales are active both by day and by night (Dyar i922b) and are
ailong the major pest species in British Coiumbia and Alberta (Gibson
192&, 1929; Happold 1965'). Carpenter and Nielsen (1965) recorded one
fernale *f catdphylin that completed five i:varian cycles in 40 days.

Details cf dispersal and srvarmir4 af cataphylla tn the Edmonton area
were described by Klassen and Hocking (1964). Dispersal was initiateci i:y a

at twilight frorn the site of emergence. Male swarrns
fcrn,*d about 1 m above grounci, nea"r small bushes on a golf course,

downwind flight

Swarms als* formed over anirnals and they moved as the animals mo"red.
Srvanrning rnales oriented themselves by fiying into the wind"
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Map 17. Collection localities
examined, A iiterature records.
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Distribution. North America and Eurasia: Alaska and California east
Saskatchewan and Colorado; Europe, Kazakhstan, Siberia, eastern
USSR, north almost to the tundra, south to the Ukrainian steppe, northern
Caucasus, and the mountains of Kirghizia. Stage (1943) recorded cataphylla from the western shore of Hudson Bay, where larvae were recovered frorn
rock pools and forest-tundra pools. The species has not been collected in
Manitoba by other workers, however, and this record should be verified,

to

Aedes churchillensis Ellis & Brust
Figs. 104, 154;Map l8

Aedes churchillensis Ellis and Brust, l9l3:922.
Aedes commanis: Hocking (1952, 1954), Beckel (1954), Beckel and
Barlow (1953), Beckel (1958), Brust (1971), and other authors, in part,
before 1973, not De Geer.

Adult. Female: Almost indistinguishable from communis externally;
tarsal claws of hind leg usually more abruptly curved beyond subbasal tooth;
submedian dark-scaled scutal stripe usually poorly defined, often obsolete
(same communis lack submedian stripes as well). The salivary gland is oniy
one-half to two-thirds as large as that of communis, and the median acinus
is shorter and narrower with less cellular definition (Ellis and Brust 1973).

=\A__rJh

Map
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examined.
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Collection localities for Aedes churchillensis in Canada:

.

specimens we

Male: Similar to that of communis; setae of fourth and of apex of
third palpomere fewer and shorter, usually not as long as fourth palpomere
and less dense (Fig. 154).
Larva. Not distinguishable from that of communis except by analysis
of populations. Head narrower; siphon shorter and narrower (Ellis and Brust
r973).
Biology. During early work on biting flies at Churchill, Man", some
of "communis" were discovered that had a smaller ratio of

populationi

proboscis length to wing length and these insects produced smSllgr individuils than did other comrnunis populations (Hocking et al. 1950). Because the
larvae of this smaller form developed in large numbers in "rather special
woodland pools" in the absence of other species, Hocking et al. (1950)
suspected the existence of a second species. The females were subsequently
found to mature their eggs autogenously (Hocking 1952). Hocking (1952'
1954) proposed that the thoracic llight muscles were partly autolyzed to
provide th-e protein believed to be necessary for egg development. Subsequent workers, however, have not found any evidence for flight muscle
autolysis (Beckel 1954, Kalpage 1970, Brust 1971, all as communis), but all
have confirmed autogeny, which in this species is obligatory; the females do
not take blood (Ellis and Brust 1973). Nevertheless, almost as many eggs

are produced (in the first cycle) by females of churchillensis solely from
food reserves carried over from the larval stage as are produced by blood-fed
communis. Because of their autogeny, females of churchillensis would not
be expected to mature a second batch of eggs, and Ellis and Brust (1973)
found evidence of this in the relatively small size of the anterior follicles.

Males of churchillensis are stenogamous, that is, they will mate readily
cage without a preliminary swarming flight (Eliis and Brust
lg73), whereas in communis, only an occasional mating occurred under
identical laboratory conditions.

in a small

Distribution. Central North America, at present known only from
Alberta and Manitoba.
Aedes cinereus Meigen
Plate 19; Figs. 102, l2'7,

l3l,

172;Map

19

Aedes cinereus Meigen, 1818:13.
Aedes fuscus Osten Sacken, 1877:191.
Culex pallidohirta Grossbeck, 1905:359.
Aedes cinereus race hemiteleus Dyar, 1924c:179.

Adult. Fernale: Integument medium brown; proboscis, palpus, most
of vertex. tibiae, tarsi, and wing veins with flattened dark scales having a
slight bluish metallic appearance; fore coxa mostly brown-scaled anteriorly;
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antepronotum, postpronotum, and scutum with narrow pale brown scales;
anepisternum devoid of scales except for a few white scales among postspiracular setae; scales of katepisternum white, confined to two small areas
near posterodorsal and posteroventral corners, mesepimeron bare on lower
half; mesepimeral setae absent; abdorninal tergites usually dark-scaled,
occasionally each with narrow transverse basal band of white scales.

Male:

Palpus minute, even shorter than that of female (cinereus is the

only species af Aedes in Canada with this character); antenna plumose;
scales of thorax, legs, wings, and abdomen arranged and colored as in
female; basal lobe of gonocoxite very large, triangular, occupying basal half
of medial edge of gonocoxite; apical lobe absent; gonostylus twice furcate,
with the dorsal ramus from basal furcation shorter. setose. and the ventral
ramus longer, furcate near apex; claspette Y-shaped, without filament.

Larva. A smail species, uniformly dark brown in color; head setae 5-C
and 6-C each with five or more branches, their bases forming a straight line
with seta 7-C; siphonal tuft short and inconspicuous; distal pecten teeth
unevenly and more widely spaced than basal teeth; other characters as in
Table

3"

The only other species with five or more branched head setae 5-C and
6-C that are simultaneously arranged in a straight line with setaT-C is A.
thibaulti, which has evenly spaced pecten teeth, a siphonal seta l-S of
normal length, and bluish green body pigment that is not uniformly distributed but concentrated within each segment, giving the larva a beaded
appearance. A. vexans with similarly arranged pecten teeth and reduced
siphonal seta l-S has fewer branched and nonlinearly arranged head setae.

' ,,.

,,llo

'.-rt,
,,/

;/ -r'

r-*_i

)

_,, i,_

l

Map 19. Coilection localities for Aedes cinereus in Canada: . specimens we
examined, A literature records.
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Biology. This species overwinters in the egg stage. It is one of the last
species of Aedes to hatch in spring (Happold 7965a, Graham 1969a). Brust
(1968) found that about half the eggs of this species weie nondiapausing
and would hatch at room temperature about 2 weeks after oviposition. Thus
cinereus is partly multivoltine as are canadensis, campestris, and spencerii,
at least in southern canada. In the USSR , cinereus is said to complite three

generations per year (Detinova 1968). Larvae have been found in various
habitats, but in the Ottawa area and in Minnesota (price 1963) they have
been most often collected at the edges of semipermanent mixed cattail and
sedge marshes and in sphagnum bogs, especially in locations partly shaded
by small shrubs such as alders or willows. Twinn (1931) recovered larvae
from small shallow snow and rainwater pools in woodland; adults emerged
in late May and June. The first instar was described and drawn bv tsohirt
(

1

e54).
Females of cinereus are most active at dusk, but they may bite anytime

during the day in shaded locations. They are not particulirly iggressive and
usually attack man on the legs; thus they are hardly noticeabie unless you
are seated or insufficiently dressed. carpenter and Nielsen (1965) found
that most females completed only one ovarian cycle. Twinn (r93 l) assumed
that the females he observed in late August were long-lived members of the
spring generation, but they were probably a second or third generation.

Recently, Bohart and Washino (197S) used the name hemiteleus for
this species. They compared male terminalia of specimens from various

parts of North America with figures of terminalia given by peus (1972) and

concluded that they were indistinguishable from the European species
geminus Peus, but different fram cinereus. We agree with Bohart and
washino that the Nearctic populations show a wide range of variation,
which suggests the existence of a complex of sibling species. However, we
believe that the use of any of the names fuscus, pallidohirta, or hemiteleus
for Nearctic specimens is unwarranted until a thorough study of the
cinereus complex in North America has been cornpleted.

Distribution. North America and Eurasia: Alaska and california east
to Newfoundland and Florida; Europe; Siberia, eastern USSR, northeastern
China, Korea, and Japan.
Aedes communis (De Geer)
Plate20; Figs.5, 103,149,153, 155, 198,203; Map2{)

Culex communis De Geer. l7i6:316.
Culex lazarensris Felt and Young, 1904:312.
Culex borealis Ludlow, lgll:178.
Aedes tahoensis Dyar, 19l6:82.
Aedes altiusculus Dyar, 19l7 b:100.
Aedes prolixus Dyar, 1922a2.
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Adult. Female: Integument medium brown; proboscis dark-scaled;
palpus with a few scattered white scales; recumbent scales and most of erect
forked scales of vertex yellow; probasisternum often with a few scattered
pale scales; postprocoxal membrane bare; hypostigmal area usually bare,
occasionally with three or four scales; katepisternum with scales extending
to anterodorsal corner; mesepisternum scaled to lower margin; mesepimeral
setae present; scutum rather variable, typically yellow-scaled except for a
pair of brown-scaled subrnedian stripes, each about as wide as the median
yellow-scaled stripe between them; submedian stripes may be weakly
defined in some specimens, which then resemble churchillensis, or they may
be absent, resembling intrudens; in northern specimens sublateral areas,
though typically entirely yellow-scaled, may have a central triangular patch
of darker brown scales concolorous with submedian stripe; postpronotum
and adjacent scutum yellow-scaled, except in some northern specimens in
which dark scales are present along dorsal edge; tibiae and first tarsomeres
rnostly dark-scaled dorsally, with mixed pale and dark scales ventrally;
remaining tarsomeres dark-scaled; tarsal claws moderately to strongly
curved, each with a long subbasal tooth; wing veins dark-scaled; abdominal
tergites dark-scaled, each with transverse basal band of white scales, which
may occasionally be reduced or lacking.

Male: Palpus about as long as proboscis, entirely dark-scaled; setae
arising from apex of third and base of fourth palpomere long, numerous,
and dense, as long as fourth palpomere; basal lobe of gonocoxite subcircular,
with posterior surface concave, oriented more or less posteroventrally, thus
not visible in dorsai view; ventral edge of subcircular setose cup-like surface
of basai lobe with fringe of long, widely spaced, posteriorly directed setae;
dorsal edge with the usual row of closely set, long, medially directed setae,
subtended by a single enlarged bristle-like seta; convex edge of claspette
filament with two parallel ridges or flanges separated by a V-shaped groove,
best seen end on, as when viewed dorsally in an undistorted preparation.
Larva. Head setae 5-C and 6-C singie, rarely double; maxilla ovate,
with apical tuft of long setae directed distally in line with maxilla; dorsolateral abdominal setae 1-trV and l-V usually two-thirds as long as upper
lateral setae 6-IV and 6-V and as long as dorsolateral seta 1-VIl on segment
VII; pecten teeth evenly spaced; comb scales numerous, 35-70, with long
subapical spinules, thus appearing rounded apically; spinules on posterior
margin of saddle smaller than those on surface of saddle, too small to be
seen under a dissecting microscope; other characters as in Table 3.

A common, widespread species, apparently without any single distinctive character. Though similar to A. implicatus it may readily be distinguished from that species by its larger, less darkly pigmented head capsule
and by the shape of the maxilla. Also, A. implicatus usually has fewer than
30 comb scales. A. stimulans has the dorsolateral setae (l-IV and 1-V)
shorter, less than two-thirds length of upper lateral setae of the same
segment, and has conspicuous spinules along the posterior edge of the
saddie.
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Aedes ccmmunis
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Biology. One of our most abundant and widely distributed species,
communis occurs throughout the forested part of Canada as well as
northern USA and northern Eurasia. This species overwinters in the egg
stage. The eggs hatch in early spring, usually before the snow has disappeared. In the Ottawa area, larvae develop in large numbers in deciduous
forest pools in which there is a high tannic acid content. They have a
characteristic habit of aggregating in dense masses, probably in response to
certain combinations of light and temperature conditions. Larvae of intrud'
ens and diantaeus are often associated with communis, but in much smaller
numbers. In coniferous woodland, larvae of punctor often outnumber communis. In other regions communis larvae have been taken in association
with a wide variety of other Aedes (Horsfall 1955, Ellis and Brust l9'73).
Unlike churchillensis, females of communis are obligatorily anautogenous, that is, they require a blood meal to develop a batch of eggs. Ellis and

Brust (1973) reviewed a few cases where some females have shown a
tendency to facultative autogeny, that is, they have matured a small number
eggs without a blood meal, as have been described for impiger and

of

nigripes by Corbet (1967). The eggs are laid from early summer to
midsummer on the underside of damp leaves on the dry bed of woodland
pools (Wesenberg-Lund l92O-21).In Denmark, eggs hatch anytime during
the winter during a brief warm period, but larval development is greatly
delayed by low temperatures. Ultimately all the larvae reach maturity at
about the same time.

'^^

Map

20.

Collection localities for Aedes communis

in Canada: .

specimens we

examined. A literature records.
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Distribution. North America and Eurasia: Alaska and California east
to Newfoundland and New Jersey; Europe; Siberia, eastern USSR, north to
the Arctic Ocean, south to Bulgaria, northern Caucasus, and eastern
Kazakhstan.

Aedes decticus Howard, Dyar, & Knab
Plate2I; Figs. 112, 137,176; Map2l
Aedes decticus Howard, Dyar, and Knab, 1911:737.
Aedes pseudodiantaeus Smith, 19 52:21.

Adult. Female: Integument medium to dark brown;

proboscis,

palpus, tibiae, tarsi, and wing veins entirely dark-scaled; pedicel usually
without scales, two or three dark ones may be present medially, recumbent
scales of vertex pale except for a pair of large dark spots; erect forked scales
entirely dark; scutum with a pair of broad submedian dark-scaled stripes,
separated by a narrow yellowish brown scaled median stripe (about half as
wide as submedian stripe); postsutural sublateral stripe brown-scaled; presutural sublateral arca typically yellowish brown scaled, occasionally with a
triangular dark-scaled spot; lateral stripe yellowish brown scaled, concolorous with sublateral area and median stripe; postprocoxal membrane bare;
katepisternum with anterodorsal corner bare; mesepimeron bare on lower
third; mesepimeral bristles absent; abdominal tergites dark-scaled dorsally,
each with lateral triangular spot of white scales, but lacking transverse basal
white bands; tarsal claws small, more strongly bent beyond subbasal tooth
than those of diantaeus.

Male: Palpus nearly as long as proboscis, entirely dark-scaled; third
palpomere lacking setae; fourth and fifth palpomeres each with a few
scattered short setae onlv: coloration and arransement of scales as in

Map 21. Collection localities for Aedes decticus in Canada: . specimens we
examined,
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literature records.
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Aedes decticus
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of gonocoxite bottle-shaped, with the neck directed
posteriorly bearing basally one long medially directed bristle and from apex
of neck two long posteriorly directed curved bristles; apical lobe of gonocoxite with a dense brush of posteromedially directed setae; median ventral
edge of distal half of gonocoxite with even larger denser brush of longer
posteromedially directed setae; apex of claspette stem spiraled 180' dorsomedially; claspette filament ligulate, continuing the same spiral another
360..
female; basal lobe

Larva. Antenna long, but scarcely as long as head; head and body
setae thick, stiff, tapering near apex rather than from base, and sparingly
branched; head seta 5-C usually single; seta 6-C usually double; setae 5-C
and 6-C arising close to one another; seta 4-C arising far back, level with

6-C; all main prothoracic setae (for example, l-P, 5-P to 7-P, l0-P)
unbranched; both upper and lower lateral setae (6-I, 6-II,7-I, and 7-II) of
first two abdominal segments all single; siphon rather narrow and parallelsided, with prominent long, unevenly spaced distal pecten teeth; comb scales

5-7; saddle almost completely encircling anal segment, with its ventral

edges closely approximated and occasionally joined by narrow bridge.

Biology. Larvae of this widely distributed but relatively rare species
in pools in the central unshaded quaking mats in
sphagnum bogs (Smith 1952, Maire and Aubin 1976), where they may be
have been collected

locally common. In the Ottaw a area, a few decticus larvae were collected in
a sphagnum bog associated with mature larvae of punctor and absetatus
and numerous half-grown larvae of canadensis and cinereus.
Males were observed hovering singly near females, but they were not
observed swarming (Smith 1952).

Distribution. North America, from Alaska and Michigan east to
Newfoundland (Labrador) and Massachusetts. Dyar (l9l9b) recorded
several collections of this species from Ontario, Manitoba, and Alberta, but
the specimens are not now found under this species in the U.S. National
Museum. We assume they were misidentified.
Aedes diantaeus Howard, DYar, & Knab
Plate22; Figs. 110, 111, 133, 136, 174;'Map22
Aedes diantaeus Howard, Dyar, and Knab,
1917:758).

l9l3:pl. 24, fig. 167 (desc.

Adult. Female: Integument medium brown; proboscis, palpus, tibiae,
tarsi, and wing veins entirely dark-scaled; pedicel with at most two or three
dark scales medially; vertex entirely yellow-scaled; scutum with prominent
pair of dark-scaled submedian stripes, somewhat narrower than those of
decticus, separated by narrow yellow-scaled median stripe; sublateral and
lateral areas yellow-scaled; postsutural sublateral dark stripe poorly defined
164

or absent; postprocoxal membrane, anterodorsal corner of katepisternum,
and lower third of mesepimeron without scales; mesepimerdl setae absent;
tarsal claw longer and straighter than that of decticus, evenly curved beyond
subbasal tooth; abdominal tergites dark-scaled, each with small lateral
patch of white scales.

Male: Palpus slightly longer than proboscis; third palpomere with a
few long setae at apex forming a greatly reduced, inconspicuous tuft; fourth
palpomere fringed laterally and medially with longer setae that are widely
enough spaced that they could not be considered tufted; medioventral
surface of gonocoxil.e with a dense tuft of long dorsally directed setae; basal
lobe of gonocoxite lilask-shaped, with one medially directed bristle at base
and two posteriorly directed curved bristles at apex; claspette stem at mid
length with small medially directed seta-bearing side branch; claspette
filament semicircular, with curved concentrically arranged translucent
"windows."

Larva. Antenna exceptionally long and straight, longer than length of
head, pale yellowish brown with darker apex; bases of head setae 5-C and
6-C quite close to1;ether; head seta 4-C arising posterior to 5-C; upper
lateral abdominal setae 6-I and 6-II usually single; lower lateral seta 7-I also
single and as long as 6-I; lower lateral

7-II minute and multiple; other

characters as in Tabrle 3.

No other Canadian species has such a long straight antenna nor head
seta 4-C arising postlerior to 5-C.

Biology. In tlhe Canadian shield area north of Ottawa, the larvae of
A. diantaeus usually develop in temporary spring pools in hardwood forest

Map

22.

Collection localities for Aedes diantaeus

in Canada: .

specimens we

examined. A literaturr: records.
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associated with, but greatly outnumbered by, larvae of A. communis. The
water is usually stained dark brown by the abundant leaf litter. Instead of
actively grazing on the bottom debris, however, as communis larvae do, this
species adopts a peculiar feeding stance, resting vertically at the bottom
apparently supported only by the tips of the antennae. In this position the
labral brushes remain close to, but not in contact with, the substrate, and it
is quite possible that this species gathers stray particles stirred up by
communis larvae. We have found that perhaps as a result of this behavior,
larvae of diantaeus that have been kept isolated from other species are more

difficult to rear by standard methods.
Dyar (1922b), Jenkins (1948), Frohne (1957), and Price (1963) collected larvae of diantaeus in boggy situations. In Northern Canada most
mosquito habitats are of this type, and the hardwood forest pools of the type
described previously probably do not exist except in the south. Brust
(personal communication) found as many larvae of diantaeus as of commuzis at Thompson, Man.
The males of diantaeus do not swarm, but are attracted to the host (as
are sierrensis), where they intercept the female as she approaches to take a

blood meal (Dyar l92oa). They also mate readily
197 l

in small

cages (Brust

).

Distribution. North America and Eurasia: Alaska and British
Columbia east to central Quebec, Nova Scotia, and Massachusetts; Norway
east to Khabarovsk Territory, eastern USSR, south to southern Ukraine and
northern Caucasus.

Aedes dorsal is (Meigen)
Plate 23; Figs. 69, 76,

ll3, 1 l5; Map

23

Culex dorsalis Meigen, l83O:242.
Culex curriei Coquillett, l90l:259.
Culex onondagensis Felt, I 904:304.
Culex lativittatus Coquillett, I 906: I 09.
Aedes quaylei Dyar and Knab, l9O6c:2O2.

Adult. Female: Scutum quite variable, with middorsal

reddish

brown stripe either broad or narrow, sometimes having narrow streaks of
whitish scales within it (as in melanimon); scales of lateral stripe usually
concolorous with sublateral area (rather than with postpronotum as in
campestris); scales of sublateral area chalky white to yellowish; veins R.*r,
M2, M3, Mo, and CuA, usually with more brown than pale scales; all other
characters similar to campestris from which it can be distinguished with
certainty only by the tarsal claw, which in dorsalis is straighter, evenly
curved rather than bent, and with a small subbasal tooth whose length is
r67

only one-third the distance between the apices of the subbasal tooth and the
claw.

Male: Hind tarsal claw rather straight, as in female, with small
subbasal tooth; basal lobe of gonocoxite prominent, constricted slightly at
base, with two heavily sclerotized thickened setae, one long, one short, in
addition to finer setae; the longer of the two thickened setae arises near
middle of lobe; the shorter of the two arises at its proximolateral corner;
apical lobe of gonocoxite low, with several prominent setae; claspette
filament sickle-shaped; coloration and arrangement of scales as in female.
Larve. Head seta 5-C single, rarely double on one side; seta 6-C
single; seta 7-C with eight or more branches; mesothoracic seta 1-M as long

as 5-C, double or triple; dorsolateral abdominal setae I-III to I-VII and
ventrolateral setae l3-III to l3-V moderately well developed, half to twothirds as long as upper lateral setae (6-III to 6-VI) of their respective
segments; siphon shorter and wider than in campestris,less than three times
as long as wide; pecten teeth evenly spaced, extending to mid length of
siphon; saddle reduced, covering only dorsal half of anal segment; anal
papillae scarcely as long as saddle; other characters as in Table 3.
The species campestris, dorsalis, and schizopinax are the only Canadian species with a branched mesothoracic seta l-M; dorsalis usually has
head seta 5-C single, rarely double on one side, whereas in campestris and
schizopinax this seta is usually double or triple. The dorsolateral and
ventrolateral setae are longer in dorsalis and schizopinax.

Remarks. The middorsal stripe on the scutum of dorsalis may be
narrow, broad, or divided, called eastern, lativittatus, and cutiei, respectively, though without formal nomenclatural standing, to describe these
three most obvious variations (Mail 1934, Mclintock 1944). Kalpage and
Brust (1968) also observed two different nonoverlapping sizes of dorsalis
eggs in southern Manitoba. Each female produced only one of these types.
These differences suggest the possible presence of more than one species.
This species needs further taxonomic study.

Map

23.

Collection localities for Aedes dorsalis

examined, A literature records.
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Biofogy. This species overwinters in the egg stage. Larvae of dorsalis
appear in early spring in open roadside pools and shallow ponds on prairie
and farmland throughout most of southern Canada. They are scarce or
absent in forested country (Graham 1969b). They have a predilection for
alkaline or saline habitats in some regions, and the length of the anal
papillae varies inversely with the quantity of dissolved salts found in the
water (Rempel 1950). The species has not been collected in salt marshes in

the Atlantic Provinces, but occurs commonly in similar habitats of high
salinity in southern British Columbia (Gibson 1932, 1935,1936) and has
even found its way across hundreds of kilometres of forest to coastal James
Bay. The use of salt on highways in Eastern Canada during the winter may
favor subsequent oviposition in roadside ditches.
When conditions are favorable, dorsalis may have one or more summer
generations (as in vexans and spencerii) and the population may then build
up to very large numbers. Khelevin (1958) has shown that diapause in the

egg is facultative. Eggs laid by first-generation females did not go into
diapause even when chilled, whereas those laid by second or third generations did go into diapause at temperatures below 18.C. Above l8oC, the
percentage of diapausing eggs decreased with rising temperature and was
inhibited by temperatures above 30.C. Eggs may remain viable in a dried

condition "for years" (Rempel 1950). Klassen and Hocking (1964) observed
considerable annual variation in numbers of dorsalis. Thus reports of its
importance vary from low (Knab 1908) to one of the most abundant in the
Prairie Provinces (Cameron 1918, Mclintock and Rempel 1963). Its biology is obviously complex, further complicated by the possibility of sibling
species.

Viruses of the California group have recently been isolated from larvae
of dorsalis in Utah (Crane et al. 1977).

Distribution. North America and Eurasia: British Columbia

and

California east to Delaware and Louisiana; western Europe, east across the
steppes of Ukraine, northern Caucasus, and mountains of central Asia to
eastern USSR.

Aedes euedes Howard, Dyar, & Knab
Plates 8, 24; Figs. 91, 126, 168; Map 24

Aedes euedes Howard, Dyar, and Knab, l9l3:p1. 28,

r9l7:714).

fig. l9l

(desc.

Aedes barri Rueger, 1958:34.

Adult. Female: Integument reddish brown; proboscis predominantly
dark-scaled basally and apically, but the middle third extensively whitescaled, sometimes predominantly white-scaled ventrally, occasionally so
concentrated as to form a distinct white ring; palpus mostly dark-scaled with
170

/il\
l/;;;;;\

I
l\

/

l\,

U
i;;li'

/-.-------J

-/-f \-.-i-===-\
\y-{-._\
=-{-

t'-A==-.'

tore

mid

d ta'sdl claws

;-i=$n,.)

{j

s+s
s
+S

s
!J\

\

? larsal claws

Aedes euedes
t'7

|

scattered white scales concentrated at extreme apex of palpus and at bases
of second and third palpomeres; pedicel mostly white-scaled on anteromedial
half; recumbent scales of vertex mixed pale and brown, usually with a pair
of weakly defined dark areas; erect forked scales mostly dark; postprocoxal
membrane with scales; antepronotum and fore coxa with scattered brown
scales; postpronotum brown-scaled on upper two-thirds; scutum with broad
middorsal stripe (median and submedian stripes combined) of reddish
brown scales; sublateral area mostly brown-scaled, pale scales reduced to a
dorsocentral and a lateral stripe; lateral stripe pale-scaled except for a small
brown patch above paratergite; hypostigmal area, anterodorsal corner of
katepisternum, and lower fourth of mesepimeron bare; lower mesepimeral
setae absent; tibiae mostly white-scaled with scattered dark scales; first
tarsomeres extensively white-scaled, with the basal band usually indistinct;
second and third tarsomeres dark-scaled, each with a broad basal band of
white scales; fourth midtarsomere and fourth and fifth hind tarsomeres with
at least a lateral and a medial spot of white scales, sometimes with a
complete basal band; tarsal claw rather strongly bent beyond subbasal tooth,
with the subbasal tooth relatively long, enclosing an angle of 30-50"; wing

veins mostly dark-scaled, with scattered yellowish scales throughoul
abdominal tergites dark-scaled, each with a narrow basal band or median
and a lateral patch of white scales, and numerous scattered white scales
distally, often forming a narrow transverse distal band; cercus dark-scaled
with scattered pale scales.

Map
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Collection localities for Aedes euedes in Canada:

.

specimens we exam-

Mele: Palpus extensively pale-scaled, longer than the proboscis by
almost the length of the last palpomere; apex of third palpomere with
conspicuous dense tuft of setae extending beyond base of last palpomere;
fourth palpomere heavily fringed medially; coloration and scaling of thorax,
legs, and wing and shape of hind tarsal claw as in female; basal lobe of
gonocoxite not differentiated, without long medially directed seta; setose
area extending from base of gonocoxite along mediodorsal edge almost to
apical lobe; apical lobe prominent, extending beyond base of gonostylus;
claspette filament with flange on convex side.

Larva.

Body brown, usually darker than either excrucians or flaveschead
seta
5-C usually double; prothoracic seta 3-P long, strong' single;
ens;
ventrolateral setae I3-III to l3-V of abdominal segments III to V as long
and as thick as upper lateral setae 6-III to 6-V; dorsolateral abdominal setae
not as well-developed, with setae l-IV and I-V at most half as long as upper
laterals of respective segment; comb scales dark brown, l1-19 (intermediate
between riparius and excrucians); siphon tapering evenly from base to apex,
not as abruptly narrowed as in excrucians; distal pecten teeth long, thick,
rather widely spaced, and extending beyond middle of siphon; siphonal seta
l-S arising at two-thirds distance from base of siphon; anal papillae brown,
usually more than one and one-half times longer than saddle; seta 9-S at
apex of siphon not strongly hooked as in excrucians; other characters as in
Table 3.

Mature specimens are among the largest of Aedes larvae, larger than
excrucians and riparius, and exceeded only by flavescens. They are recognizable by the number of comb scales and by the widely spaced distal pecten
teeth, the last of which arises beyond mid length of the siphon, with the
siphonal seta l-S arising beyond it. In life, the brown anal papillae are
characteristic. Rempel's (1950) fig. 358, p. 245, evidently refers to this
species, not to riparizs, as pointed out by Enfield (1977).

Biology. This species overwinters in the egg stage' It produces only
one generation each year. In the Ottawa area,larvae have been collected in
association wilh excrucians, fitchii, and stimulans in large open marshes
where there are dense masses of decomposing sedges and cattails from
previous years. It has always been the least common of the four species'
Although widely distributed, it seems to be uncommon throughout Canada.
Because it has only recently been recognized as a distinct species and also
because of the difficulty of separating both sexes from related species, it
remains little known.
Distribution. North America and Eurasia: Alaska and British
Columbia east to New York, probably more widely distributed in the United
States; Sweden; Finland; European USSR (Kursk, Yaroslavl, and Moscow
regions); and Siberia east to the Sea of Okhotsk.
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Aedes e xcr uc i an s (Walker)
Plates 8, 25; Figs. 72,85, 125, 164, 166; Map 25

Culex excrucians W alker, 1856:429.
Culex abfitchii Felt, 1904:391.
Culex siphonalis Grossbeck, 1904a:332.
Aedes sansoni Dyar and Knab, 1909a:102.

Adult. Female: Integument reddish brown, but dark brown in northern specimens; proboscis mostly dark-scaled, less extensively white-scaled
than that of euedes; palpus dark-scaled with narrow pale-scaled ring at base
of each of second and third palpomere; pedicel mostly white-scaled; postprocoxal membrane with scales; hypostigmal area, anterodorsal corner of
katepisternum, and lower third of mesepimeron without scales; lower mesepimeral setae usually absent, rarely one or two; postpronotum brown-scaled
on upper two-thirds; scutum predominantly reddish brown scaled, with the
sublateral area usually extensively so and whitish scales restricted to an
interrupted dorsocentral stripe (usually appearing as a presutural and

postsutural oval spot or streak), lateral stripe, and prescutellar depression;

a

small patch of brown scales above paratergite; fore coxa with a few dark
scales mixed among white scales; tibiae predominantly white-scaled; first
tarsomeres mostly dark-scaled, with the basal white-scaled ring usually
distinct except on foreleg; remaining tarsomeres dark-scaled, each with
broad basal ring of white scales, except last fore tarsomere and occasionally
also last mid tarsomere; tarsal claw strongly and abruptly bent beyond
subbasal tooth, with the latter usually subparallel, enclosing an angle of less
than 25"; claw beyond bend somewhat sinuous, with slightly hooked apex;
wing veins with mixed pale and dark scales throughout; abdominal tergites
dark-scaled, each with narrow transverse basal yellowish-scaled band or
patch, and numerous scattered pale scales; cerci with a few scattered pale
scales. Northern specimens from the vicinity of tree line are much darker;
proboscis almost entirely dark-scaled; pleural scales strongly yellowish;
scutal pattern darker and dark-scaled areas of abdominal terga with fewer
scattered pale scales.

Male: Indistinguishable from euedes except that the hind claw is
more strongly bent than that of euedes, subparallel to subbasal tooth, and
the apical lobe of the gonocoxite is smaller and does not project beyond base
of gonostylus.
Larva. Medium to light brown, yellowish, or greenish; head seta 5-C
double or triple; prothoracic seta 1-P long, thick, single; ventrolateral setae
(13-III to l3-V) on abdominal segments III to V and dorsolateral setae
(l-IV and l-V) on segments IV and V each as long and as thick as upper
lateral setae of their respective segment; dorsolateral seta on segment VII

usually double, but almost as long as upper lateral; comb scales brown,
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Map 25. Collection localities for Aedes excrucians in Canada:

.

specimens we

examined, A literature records.

17-33, in two or three irregular rows; siphon long and strongly tapered to
narrow apex, five times as long as basal width and more than seven times as
long as apical width; distal pecten teeth more widely spaced, but last tooth
not arising beyond middle of siphon; seta 9-S on apical flap of siphon
thickened and strongly hooked; anal papillae pale yellow, about one and
one-half times as long as saddle; remaining characters as in Table 3.
This species and A. fitchii are recognizable by the long strongly tapered
siphon and the well-developed strongly hooked apical siphonal seta 9-5. A.
Jitchii has an elongate mesothoracic seta 1-M, well-developed dorsolateral
abdominal setae on segments UI to VII inclusive, and pecten teeth evenly
spaced. In southwestern British Columbia, A. aloponotum has a fur-like
body covering of microtrichiae, which is lacking in larvae of excrucians and

fitchii.

Biology. Distributed over the entire country south of the arctic
tundra, excrucians is found in a wide range of habitats almost everywhere,
but fortunately not in overwhelming numbers. It also varies considerably
geographically; northern specimens are so much larger and darker than
southern specimens that they appear to be different species. Similar though
much less pronounced variation in northern and southern specimens is also
characteristi c of euedes and fitchii.

Overwintering takes place in the egg stage. The species produces only
one generation each year. In the Ottawa area larvae have been found in
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almost every ground pool that has supported larvae, but the most common
collection site was near the edges of larger semipermanent marshes and
swamps. The presence or absence of shrubs and trees seems unimportant;
larvae have been collected in densely forested as well as open marshy
habitats, but their numbers are greater in the latter. As a direct consequence
of this plasticity, they have been collected in association with nearly every
other spring species. Because the ovipositing adult determines the larval
habitat, we can assume that females have little or no specificity in their
choice of an oviposition site. Larvae of excrucians and those of euedes and
flavescens are the largest Aedes larvae in Canada and they generally do not
reach maturity until after such species as communis, intrudens, punctor,
and even fitchii and stimulans have pupated. Frohne (1953a) collected some
excrucians larvae in an Alaskan coastal salt marsh in which the length of
the anal papillae varied considerably.

The swarming behavior of the males of this species is unusual: they
form aggregations, disperse a few minutes later, and then reform again
nearby, 6-10 m away (Dyar l9l9b, Frohne and Frohne 1954). Most
swarming activity was concentrated about 3-6 m above ground in a
woodland clearing and took place after sunset for about half an hour. Their
flight was erratic and rapid. Frohne (1959) speculated that such rapid and
unpredictable behavior might make the males of excrucians less subject to
attack by predaceous Empididae than those of other species that remained
hxed above a swarm marker.

Distribution. North America

and Eurasia: Alaska and Oregon east to

Newfoundland and New Jersey; Europe; Kazakhastan, Siberia, eastern
USSR including Mongolia, northwest China, and Japan.

Aedes titchii(Felt & Young)
Plates 9, 26; Figs. 16,92, 119, 182; Map 26

Culex

fitchii Felt

and Young, l9O4:312.

Aedes palustris Dyar, I 9 1 6:89.
Aedes palustris var . pricei Dyar, 7917

a:l6.

Aedes mimesis Dyar, 1917c:l16"

Adult. Femaler Integument reddish brown to medium

brown;

proboscis and palpus almost entirely dark-scaled; pedicel mostly whitescaled on both medial and dorsal surfaces; both erect and recumbent scales
of vertex pale medially, dark laterally; antepronotum mostly pale-scaled;

postpronotum reddish brown scaled on upper two-thirds; scutum with
middorsal longitudinal stripe of reddish brown scales (median and submedian bands together) narrower than in euedes or excrucians; sublateral area
usually entirely whitish-scaled, occasionally with a patch of reddish brown
scales enclosed by ,vhitish scales; lateral stripe whitish-scaled except for
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Collection localities for Aedes fitchii in Canada: o specimens we examliterature records.

small patch of brown scales above paratergite; postprocoxal membrane with
scales; hypostigmal area, anterodorsal corner of katepisternum, and lower

third to half of mesepimeron bare; mesepimeral bristles l-3 or

absent;

mesomeron usually with a few scales in posterodorsal corner; fore coxa with
brown scales mixed among white scales; tibiae with pale and dark scales;

first

tarsomeres predominantly dark-scaled except for basal white ring;
third tarsomeres usually each with complete basal white ring;
fourth and fifth tarsomeres entirely dark-scaled on fore- and mid-legs, with
only the last tarsomere of hind leg entirely dark; wing veins usually with
pale and dark scales, rarely with only dark scales. Abdominal tergites
dark-scaled, each with transverse basal white-scaled band and few, if any,
scattered white scales among the black.
second and

Male: Palpus longer than proboscis by slightly more than length of
last palpomere; second to fourth palpomeres each pale-scaled basally; all
setae at apex of third and along lateral and medioventral sides of fourth
palpomere dark, long, and dense; coloration and scaling of thorax, legs, and
wings same as in female; basal lobe of gonocoxite large, conical, with
relatively large clump of medially directed setae, subtended by a still larger,
longer seta that is not always conspicuous because it is not always more
strongly sclerotized; apical lobe large, rounded, bent medially; claspette
filament flanged on both convex and concave sides, with the flanges not
quite extending to base of filament.

Larva. Pale yellowish brown or greenish yellow; head seta 5-C usually
thtee- or four-branched; prothoracic seta 3-P double or triple; mesothoracic
seta l-M exceptionally long, even longer than 3-P; dorsolateral abdominal
setae 1-III to l-VII and ventrolateral setae 13-III to l3-VII on abdominal
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segments III to VII as long and as thick as upper laterals of their respective
segment; comb scales brown, in two or three irregular rows; siphon exceptionally long and slender, with strongly tapered apex, five times as long as
basal width and seven to eight times as long as apical width; pecten teeth
evenly spaced, increasingly longer distally, with the last tooth longer than
apical diameter of siphon; seta 9-S at apex of siphon thickened and strongly
hooked; anal papillae pale yellow, twice as long as saddle; other characters
as in Table 3.

No other species has long dorsolateral abdominal setae on segments

to VII, an exceptionally long mesothoracic seta 1-M, and a long

III

slender

siphon five or more times as long as wide.

Remarks. Although the larvae of fitchit are easily recognized, we
suspect that females have been widely and persistently misidentified. Many,

perhaps most, records of stimulans females from Western and Northern
Canada probably refer to fitchii, whereas the rest are probably mercurator.
Some records of fitchii undoubtedly refer to euedes. In fitchii the Iower
mesepimeral setae may be present or absent, and we have searched in vain
for a character that is peculiar to this species alone. However, our reared
litchii all have an ample cluster of white scales on the pedicel, and almost
none on the proboscis, whereas stimulans has the reverse. Females of
mercurator are most likely to be mistaken for those of fitchii, but they are
darker, with entirely black-scaled wing veins and other characters given in
the key.

Barr (1958) has shown that the number of comb scales on the larva
tends to be bimodal with peaks at about 14 and 28.

Biology. Like Aedes excrucians, fitchii is distributed throughout
Canada south of the tree line and is present nearly everywhere, though not
in large numbers. Surprisingly, it does not occur in Eurasia and is one of the
few northern species that is not holarctic. Its life cycle is also similar to that
of excrucianr, and larvae of the two species are usually collected together in
association with many other species. Rempel (1953) found it the most
abundant species in the aspen parkland of south central Saskatchewan and
in the Cypr-ess Hills of southwestern Saskatchewan. It is less common on the
open prairie (Rempel 1950, Mclintock and Rempel 1963).
Male swarming has been described as similar to, but less "wild and
flighty" than, that of excrucians (Dyar l9l9b). The swarms were loosely
organized, lower, within 1 m of the ground, and 2.5 m or more in diam
(Knab 1908).

Distribution. North American and eastern Asia: Alaska and California east to Newfoundland and New Jersey; Magadan region in eastern
Siberia.
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Aed es
Plate

27

f I av

esc e n s (Mriller)

; Figs. 79, 124, 169, 19l; Map 27

Culex flavescens Miiller, 1764:87 .
Culex fletcheri Coquillett, 1902c:84.

Adult. Female: Integument reddish brown, darker on

scutum;

proboscis and palpus mostly dark-scaled with scattered yellowish scales
throughout; vertex entirely yellow-scaled; ante- and post-pronotum yellow-

scaled; scutum with broad middorsal stripe of yellowish brown scales
flanked by sublateral and lateral areas of yellow scales; postprocoxal

membrane, all of hypostigmal and subspiracular areas, anterodorsal corner
metameron with pale

of katepisternum, all of metepimeron, and all of

yellowish white scales; mesepimeral setae absent; fore coxa with mixed
whitish and brown scales; tibiae almost entirely yellowish-scaled except for
median surfaces; basal tarsomeres mostly yellowish-scaled, except for darkscaled apex; remaining tarsomeres (except last tarsomere on foreleg) each
with broad basal ring of whitish scales; wing veins predominantly yellowishscaled with scattered dark scales; abdominal tergites mostly yellow-scaled,
with dark scales confined to lateral patches and occasionally a faint midlongitudinal band or paired spots or both.

Male:

Palpus slightly longer than proboscis, predominantly yellowof third palpomere with long pale brown and shorter yellow
setae; fourth and fifth palpomeres fringed with dense long yellow setae;
coloration and scaling as in female; gonocoxite with strongly enlarged
medially directed bristle at base of basal lobe; basal lobe low and poorly
defined, with setose area extending almost to base of apical lobe; apical lobe
prominent, slightly constricted at base; claspette filament with cylindrical
base, the keel on convex side confined to distal two-thirds.
scaled; apex

Larva. Head seta 5-C with two to five branches; prothoracic seta 3-P
long, single; prothoracic setae 8-P usually double, as long as 7-P; seta l0-P
more than two-thirds as long as 8-P; ventrolateral setae 13-III to 13-V of
abdominal segments III to V as long as their respective lateral setae (6-III
to 6-V); dorsolateral setae l-IV and l-VI short, setae l-V and l-VII much
longer, more than two-thirds as long as setae 6-V and 6-VI; lower lateral
seta 7-II of abdominal segment II multiple (five or more branches) and less
than one-third as long as upper lateral 6-II; comb scales brown, 20-36;
pecten teeth evenly tapering from base to apex; distal pecten teeth usually
evenly spaced, if not, usually only last tooth more widely spaced (two or
three teeth usually more widely spaced in excrucians, euedes, and riparius);
apical seta 9-S of siphon small, not strongly hooked; precratal setae usually
more than four; anal papillae colorless, usually shorter than saddle; other
characters as in Table 3.
This is the largest Aedes larva in Canada. It varies in such important
characters as branching of head setae and arrangement of pecten teeth.
Unique characters are apparently lacking.
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Biology. Although this species, the largest Aedes in Canada, is
widely distributed, it occurs sporadically over most of its range and is
common only in the open prairies, where it breeds in large moderately deep
overgrown and partly shaded semipermanent pools (Cameron 1918, Hearle
1929, Rempel 1953). Records from Eastern Canada and British Columbia
(Hearle 1926) are few and scattered. Like all other members of the
excrucians group, flavescens produces only one generation each year. It
overwinters in the egg stage. It is one of the latest species to develop and as
a result its numbers can be more affected by predators than earlier species
(Hearle 1929). At Churchill, Man., it formed, with campeslris and excrucians, the third and last emergence peak of the summer (Hocking et al.
1950). Hocking et al. (1950) found tlavescens larvae in pools surrounded
with birch-willow scrub not in true tundra pools. In Alaska, flavescens is
confined to brackish coastal marshes (Frohne 7953a, Gjullin et al. l96l) in
the area of Cook Inlet. The anal papillae of this population are small and
rounded (Frohne 1953a), similar to those of other salt marsh species, such
as cantator and sollicitans.

Although most Aedes can be induced to develop three or four

egg

batches each year, Carpenter and Nielsen (1965) obtained a maximum of
only two from flavescens.

Male swarms were observed by Hearle (1929) over a "dry patch of
typical open prairie with low and scanty vegetation" only about I m above
ground. After coupling took place, the mated pair rose to 4.5-6 m in the air,

then drifted down and flew away from the swarm. Wesenberg-Lund
(1920-21) also observed swarming, near sunset, scarcely 60 cm above a
patch of nettles. Earlier in the evening, just before swarming started, he was
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able to stimulate swarming and coupling by disturbing the adults that were
resting among the nettles.

Distribution. North America and Eurasia: Alaska and California east
to Newfoundland (Labrador) and New York; Europe; all of USSR, north to
Karelia and Yakutsk, south to Transcaucasia, Mongolia, and northern
China.

Aedes grossbecki DYar & Knab
Plate 28; Map 28

Aedes grossbecki Dyar and Knab, l9o6c:201
Culex sy lvicola Grossbeck, 1906:129.

.

Adult. Fernale: Integument dark brown; proboscis mostly darkscaled, with a few scattered pale scales on basal half or less; palpus
dark-scaled with scattered pale scales that are more densely aggregated at
of second and third palpomeres; pedicel pale-scaled on anteromedial
half; scales of vertex both erect and recumbent, pale medially, brown
laterally with scattered pale scales; postprocoxal membrane with scales;
antepronotum and fore coxa mostly pale-scaled with a few scattered dark
scales; postpronotum dark-scaled except for a small patch of pale scales on
lowest quarter; scutum with broad middorsal stripe of reddish to dark brown
scales medially, changing to yellowish brown scales laterally, with a few
scattered pale scales; presutural sublateral area pale-scaled except for a
narrow longitudinal stripe of yellowish brown scales; hypostigmal area and
lower quarter of mesepimeron bare; katepisternum with pale scales extending to anterodorsal corner; lower mesepimeral setae usually present; tibiae
with mixed pale and dark scales; first tarsomeres with mixed pale and dark
scales, but with the basal pale-scaled band usually distinct; remaining
tarsomeres dark-scaled, each with a broad basal pale-scaled ring except for
the last tarsomeres of fore- and mid-legs; tarsal claw evenly and strongly
curved, with a rather short subbasal tooth, somewhat as in fitchii (Fig. 92);
bases

wing veins with large, broadly triangular scales, mostly dark, with pale
scales scattered rather uniformly on all veins; abdominal tergites darkscaled, each with a broad basal transverse band of pale scales and a few pale
scales scattered among the dark ones; cercus dark-scaled.

Male: Palpus dark-scaled, with aggregations of pale scales at base of
each palpomere; palpus longer than proboscis by almost the entire length of
last palpomere; apex of third palpomere with conspicuous dense tuft of setae
extending beyond base of last palpomere; fourth palpomere with long
median fringe; middorsal longitudinal stripe of scutum narrower and paler
than in female; wing scales as in female, large and broadly triangular, mixed

pale and dark; basal lobe of gonocoxite conical with clump of medially
directed setae accompanied by a longer, thicker, more strongly sclerotized
seta; apical lobe of gonocoxite prominent, rounded, smaller than that of
fitchii; claspette lobe relatively small, with keel-like ventral flange.
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Collection localities for Aedes grossbecki in Canada:

.

specimens we

examined.

Lerva. Head seta 5-C two- to four-branched; seta 6-C two- to threebranched; prothoracic seta 2-P single, more than two-thirds as long as seta
l-P; prothoracic seta 3-P much shorter, less than half as long as seta l-P (in
flavescens both 2-P and 3-P short); prothoracic seta 8-P and 10-P each
single, each as long as seta 7-P; dorsolateral abdominal seta 1-IV elongate,
two-thirds as long as lateral seta 6-IV (l-IV much shorter in flavescens);
siphon as in stimulans with closely spaced pecten teeth each with several
small cusps, none of which is as long as maximum width of pecten tooth.
Remarks. Adults of this species are readily recognizable by their large
size, banded legs, and broad triangular scales on the wing veins. The larva
would be most easily mistaken for specimens of flavescens, which have the
pecten teeth all evenly spaced; however, seta 2-P is much longer in this
species than in flavescens, seta l-IV is elongate, and the pecten teeth have
small basal cusps.
Biology. One female, the first record for Canada, was recently reported from Windsor, Ont. (Helson et al. 1978). Larvae of this univoltine
species have been collected in woodland pools in spring (Carpenter and
LaCasse 1955). In northwestern Ohio, grossbecki is a fairly common species
(Venard and Mead 1953) and it may have been formerly overlooked at
Point Pelee or Pelee Island, Ont.

Aed es h e n d er so n i Cockerell
Plate 29; Figs. 107, 130, 180; Map 29

Aedes triseriatus var. hendersoni Cockerell, 1918:199.
Aedes triseriatus,authors prior to 1960, not Say, 1823.

Adult. Female: Proboscis, palpus, and pedicel dark-scaled; vertex
entirely white-scaled with dark setae; ante- and post-pronotum with flat,
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Map 29. Collection localities for Aedes hendersoni in Canada:

.

specimens we

examined, A literature records.

appressed, ovate, silvery white scales; scutum with middorsal longitudinal
stripe of dark brown scales that, anterior to transverse suture, is parallel-sided or widening slightly posteriorly, but remains confined within dorsocentral
setae at least on anterior two-thirds of presutural scutum, and that may be
subtruncate or even cleft by white scales anteriorly, extending almost to
anterior scutal margin, or may be tapered anteriorly, ending well behind
posterior margin; presutural sublateral area entirely covered with crescentshaped appressed white scales, which also extend across anterior margin of
scutum to middorsal stripe and may even divide the anterior ends of the
submedian stripes; postsutural sublateral area entirely brown-scaled; lateral
stripe and periphery of prescutellar depression white-scaled as in sublateral
area; lower border of anepisternum, center of postspiracular area, posterodorsal and ventral areas of katepisternum, and upper half of metepimeron
with flat ovate silvery white scales; most of tibiae and all of tarsi and wing
veins dark-scaled; tarsal claws more strongly bent beyond subbasal tooth
than in triseriatus (Harmston 1969); subbasal tooth of tarsal claw usually

longer than that of triseriatus; abdominal tergites dark-scaled, each with
large lateral white-scaled triangle.

Male: Palpus longer than proboscis, usually by at least the length of
last palpomere; scales and setae entirely dark; apex of third palpomere with
tuft of up to 10 long setae; fourth palpomere with moderately dense fringe
of long setae on medial surface; enlarged tarsal claws of fore- and mid-legs
with both subbasal and basal teeth; gonocoxites, in undistorted preparation,
almost parallel to one another; dorsomedial margin slightly concave, thus
accentuating a basal lobe, which is more setose than the remaining dorsomedial edge; gonostylus short, with long apical spine, which is about half
as long as remainder of gonostylus; claspette filament cylindrical, slender,
curved, needle-like.

Larva. Antenna smooth, without spicules; antennal seta l-A usually a
single hair, occasionally bifurcate, but not forming a tuft; head seta 4-C
multiple, about half as long as seta 6-C; thoracic setae 1-P, 1-M, 1-T, and
dorsolateral and ventrolateral abdominal setae on segments I to VII stellately branched, mostly three- or four-branched rather than five or more as in
triseriatus; pecten teeth evenly spaced; acus detached from siphon; saddle
188

subtriangular in lateral view, narrower anteriorly, deeper posteriorly; anal
papillae equal in length, twice as long as anal segment, swollen sausage-like,
transparent in life but readily visible against a black background.

Remarks. This species was recently resurrected from the synonymy of
triseriatus by Breland (1960), who studied it in detail and gave a full
account of its morphology. Further details were provided by Zavortink
(1972). Males are readily distinguished by the curved inner edge of the
gonocoxite and by the almost parallel position of the two gonocoxites. Tarsal
claws of the female are more strongly bent beyond the subbasal tooth,
similar to those of impiger and excrucians. The scutal pattern varies
intraspecifically resulting in two color forms in both hendersoni and
triseriatus, but usually the brown scales of the middorsal longitudinal stripe
anterior to the transverse suture do not extend laterally to the dorsocentral
setae in hendersoni. Larvae of hendersoni have less greenish brown pigment
than those of triseriatus, though we have seen a few of the latter that have
some white material in the blood, which makes them paler than usual and
thus more like hendersoni. The main tracheal trunks are also more silvery in
hendersoni, which increases its pale appearance when alive. In order to
distinguish living larvae, the most easily visible character is the length of the

anal papillae; those of hendersoni are equal to one another in length,
consistently twice as long as the anal segment, and swollen. In triseriatus
the ventral pair of papillae is always shorter than the dorsal pair, although
their absolute length compared to the anal segment varies considerably.

The two species, hendersoni and triseriatus, car. be hybridized in the
laboratory (Truman and Craig 1968). Grimstad et al. (1974) have given a
detailed account of the characters of naturally and artificially produced
hybrids. Larvae of apparently hybrid origin formed less than O.5Vo of the
population. Among over 2100 Canadian specimens we have not seen any
that was not readily identified as one of the two species.

Curtis (196'7), Rempel (1953), and Brust and Kalpage (1967) reported
triseriatus from British Columbia, Saskatchewan, and Manitoba, respectively. We have reidentified the material reared by Brust and Kalpage and
found it to be hendersoni. Because Zavortink (1972) recorded hendersoni
from Sirdar (as Sidar), Kootenay Lake, B.C., and showed that triseriatus
does not occur west of Minnesota, we assume the records from Regina and
Vernon are hender,soni and have plotted them accordingly on the map.

Biotogy. Larvae of this species have usually been collected from
water-filled rot holes in trees. Zavortink (1972) recorded a series of hendersoni reared from a pitcherplant (Sarracenia). In the Ottawa area hendersoni was found only in tree holes, where it was usually associated with but
always outnumbered by its sister species triseriatus. Only in one location, an
elm tree hole in which the liquid was a dark tea color, did hendersoni occur
without triseriatus, in successive collections made over 3 yr. This is consistent with the observations of Truman and Craig (1968)' who found
hendersoni only in tree-hole liquid darkened with organic matter. These
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authors suggested that the long anal papillae of hendersoni might be an
adaptation to such high organic content. Zavortink (1912) remarked that
larvae of hendersoni were neotenic compared to the other species of the
subgenus Protomacleaya, and he speculated that this character may fit it
for a different environment than that exploited by triseriatus.

Very little is known about the biology of this species, because most
work on tree-hole-inhabiting larvae was done before hendersoni was recognized as a distinct species. In Ontario and Quebec its life cycle seems to be
similar to triseriatus; larvae hatch in the spring from eggs that have
overwintered in the tree hole. There may be several generations during the
summer, depending on availability of water. No larvae of either hendersoni
or triseriatu,s were found in the Ottawa area in collections made in October
or April, and we assume that larvae cannot overwinter. Because of the
difficulty of separating this species from triseriatus, its role as a pest or as
an encephalitis vector has not been evaluated.

Distribution. North America, from southern British Columbia and
south central Texas east to southern Quebec and Georgia (Zavortink 1972).
Aedes hexodontus Dyar
Plate 30; Fig. 101;Map 30

Aedes hexodontus Dyar, I916:83.

lus Dyar, 1920 a:23.
Aedes leuconotips Dyar, 1920a:24.
Aedes masamae Dyar, l92oc:166.
Aedes labradorensis Dyar and Shannon, 1925:78.
Ae de s cy c loce r cu

Adult. Female: Integument medium to dark brown; proboscis entirely dark-scaled; palpus with an occasional pale scale; pedicel mostly whitescaled; vertex and upper three-quarters of postpronotum and scutum with
yellowish brown scales that may fade to a dull yellow; scutum usually
without darker markings, occasionally with a pair of indistinct submedian
stripes; probasisternum almost entirely covered with yellowish white scales;
postprocoxal membrane, anterodorsal corner of katepisternum, all of mesepimeron, and all of metameron with yellowish recumbent scales; tibiae and
tarsi with mixed pale and dark brown scales, the latter predominating
toward apices of tarsi; tarsal claws rather straight basally, curving moderately and uniformly beyond small subbasal tooth; costa usually with patch of
white scales basally, proximal to humeral crossvein; remainder of costa and
other wing veins dark-scaled; abdominal tergites dark-scaled, each with
basal transverse band of white scales.

Male: Palpus dark-scaled, about as long as proboscis; apex of third
palpomere and lateral and medial surfaces of fourth palpomere with tufts or
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examined,

Collection localities for Aedes hexodontus in Canada:

a literature records.

'

specimens we

fringes of long dense setae; coloration and scaling much as in female except
that probasisternum is bare; basal lobe of gonocoxite massive, with triangu-

lar sCta-bearing surface inclined posterodorsally, subtended by one enlarged
medially directed seta; apical lobe prominent, rounded, fringed medially
with short, flattened, ventrally curved setae; claspette filament short,
appearing inflated rather than compressed and keeled'

Larva. Head setae 5-C and 6-C each single; prothoracic setae 2-P and
3-P almost as long and as thick as either branch of seta l-P (as is typical of
members of the punctor subgroup); seta 5-P branched (usually single in

punctor); mesothoracic seta l-M and metathoracic setae l-T and 3-T
minute, usually multibranched (longer and single or double in punctor);
comb scales 4-14, usually 6 or 8, each longer than 0.1 mm (Vockeroth
1954b, Kalpage and Brust 1968), thus usually longer than last pecten tooth,
and probably always longer than second last tooth; apical spine of comb
scale usually longer than oval basal portion; anal papillae exceptionally long,
several times as long as anal segment.

Renarks. This species was not distinguished from punctor in Northern Canada before the work of Jenkins and Knight (1950) and Knight
(1951). Earlier workers (Twinn 1949, Hocking et al. 1950) did not mention
it. It is the dominant mosquito in the vicinity of the tree line, yet it does not
extend nearly as far north as do nigripes and impiger. Records from the
islands of the western arctic archipelago, Prince Palrick and Victoria
islands, are based on a single female and less than l0 females respectively.
Most of the specimens from inland Victoria Island were collected in June
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1975, after 2 days of strong southerly wind, more than a week before
impiger and nigripes began to emerge. We suspect hexodontus may not
breed regularly in the western arctic islands, although it is resident on
southern Baffin Island, because larvae and a long series of adults were taken
there. Aedes hexodontus also ranges much farther south, to California,
Nevada. and Colorado in the foothills and mountain meadows at 1920-3050
m (Carpenter and LaCasse 1955, Chapman 1959, 1961).

In Alberta, it is sympatric with, and difficult to distinguish from,
punctor, with which it may share the same larval pools (Enfield 1977).
Along the coast of British Columbia, a third closely related species, aboriginis, occurs with punctor and hexodonlrzs. Though the larvae of aboriginis
are easily distinguished, the adults of all three species are extremely similar.
Females of hexodontas usually have a more extensively scaled probasisternum; males seem indistinguishable. The punctor group requires much more
extensive and intensive study, especially in British Columbia, where hexodontus is reputed to breed in muskeg pools at sea level (Dyar 1922b). The
records of collections made in Alberta (Graham 1969, Pucat 1964, Tawfik
and Gooding 1970, Wada 1965) may have been based on larvae of punctor
that had low numbers of comb scales; these specimens should be
reexamined.

Biology. This species, probably more than any other, is responsible for
the formidable reputation that the arctic has for mosquitoes. It attains
extraordinarily high populations in the northern fringes of the boreal forest
and adjacent tundra in Canada, Alaska, and Eurasia, where permafrost and
poor drainage combine with a relatively warm summer and abundant algal
growth to provide almost unlimited opportunities for mosquito breeding.
Probably because farther north the tundra pools remain cold and oligotrophic and the growing season is sharply reduced, most of the arctic does not
experience the enormous numbers of mosquitoes that are found near the tree
line.

After a suitably long period of cold storage, eggs of hexodontus hatch
at just above 0oC when placed in a medium that supports active decomposition (and contains low oxygen levels) (Beckel 1953). Developing larvae
appeared to have a surprisingly high minimum temperature threshold,
higher than the other common species at Churchill, Man., and a higher than
average rate of development (Haufe and Burgess 1956). At Great Whale
River, located at the tree line, larvae reached maturity in late June or early
July (Jenkins and Knight 1950). In Alaska,larvae were most often found in
semipermanent pools such as grass or sedge marshes (Gjullin et al. 1961).
Adult females actively continued seeking hosts in wind speeds of up to
16

km/h (Gjullin et al. 1961). Ovipositing females preferred rough dark

surfaces for oviposition (Beckel 1955).

Swarming behavior of this species at Churchill was described by
Downes (1958). Flying males positioned themselves l-3.5 m above ground
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and either over or just upwind of a natural marker (the edge of a tundra
pool) or an artificial marker (a white sheet laid on the ground)' Males in the
lower part of the swarm were over the marker; those in the upper part were
upwind of it, the distance upwind of the marker being directly proportional
to the height above ground, to a maximum of 3.5 m. At wind speeds above
0.8 km/h, each male retained his position in relation to the marker by flying

forward, then drifting backward with the wind. When the wind

speed

dropped to 0.5 km/h, a speed insufficient to move them back fast enough,
males began flying in circles over the marker, eit,her clockwise or counterclockwise. Females maintained a smaller swarm of their own, below that of
the males, 3G-60 cm above ground. Mating took place in the male swarm
above, presumably after a female left her own swarm to fly upward and

upwind. A swarm of male flavescens occurred directly over the same
marker. above the swarm of hexodontus, at 3-4 m. Interaction with the
hexodontus Swarm was limited to an occasional flavescens-hexodontus
coupling. Males of a third species, Aedes excrucians, flew at 6-9 m over the
same marker, above the swarm of flavescens. One of us (D'M.W.) observed
similar displacement of male swarms of hexodontus and excrucians over a
white tent at Tuktoyaktuk, NWT.

south to the mounand tundra of
taiga
the
through
and
east
tains of California and Colorado,
Canada to Newfoundland; northern Scandinavia to eastern Siberia, south in
the mountains. Some of the peculiarities of the North American distribution
and taxonomy of hexodontus were reported by Wood (1977).

Distribution. North America and Eurasia: Alaska

Aedes impiger (Walker)
Plate

3I

; Figs. 96, 157 , 194, 196, 200; Map 31

Culex impiger Walker, 1848:6 (of authors after 1954).
Aedes nearcticus Dyar. l9l9a:32.

Adult. Female:

Integument dark brown; proboscis and palpus darkpalpus
with
the
sometimes scattered with a few pale scales; pedicel
scaled,
pale-scaled; vertex, postpronotum, and scutum with abundant long, dark
scattered setae and mixed yellowish and brown scales; scutal scale pattern in
fresh specimens dark brown middorsally, changing through yellowish to
whitish laterally, paler in faded specimens; probasisternum bare; upper half

of anteprocoxal membrane and postprocoxal membrane with pale scales;
anterodorsal corner of katepisternum and lower portion of mesepimeron

bare; mesepimeral setae present; tibiae white- and dark-scaled; tarsi predominantly dark-scaled, with scattered pale scales basally; tarsal claw rather
sharply bent beyond long subbasal tooth, with the distal portion subparalleL
with subbasal tooth; costa and radius pale-scaled at base, occasionally with a
few pale scales scattered beyond base; remaining veins dark-scaled; abdominal tergites dark-scaled, each with transverse basal band of white scales.
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Map 31. Collection localities for Aedes impiger in Canada:

I

specimens we

examined. A literature records.

Male: Palpus entirely dark, slightly shorter than proboscis; apex of
third palpomere and lateral and medial edges of fourth palpomeres with
tufts of long setae; basal lobe of gonocoxite conical, with one long, enlarged
seta and a row of finer, well-spaced, long, medially directed setae; apical
lobe small, somewhat pointed; medioventral edge of gonocoxite lacking a
fringe of long, medioventrally directed setae; claspette filament with flange
on convex side originating at base of filament.

Larva. Head setae 5-C and 6-C each single; prothoracic setae 2-P and
3-P finer and less than two-thirds as long as seta l-P; seta 8-P minute; seta
9-P longer than 7-P; mesothoracic seta l-M minute; dorsolateral abdominal
setae (series 1) insignificant; ventrolateral abdominal setae (13-III to 13-V)
of segments III to V about as long as upper lateral setae (series 6) of their
respective segments; comb scales few,8-16, each with long apical spine and
short subapical spinules; pecten teeth evenly spaced, each with single large
basal tooth; saddle not completely encircling anal segment; anal papillae
usually about as long as anal segment.

A rather nondescript

larva, apparently without any single distinctive
punctor
and hexodontus are often misidentified as
character. Third-instar
impiger because of their incomplete saddle, but these two species have setae
2-P and 3-P subequal to a branch of seta l-P, 8-P better developed and at
least half as long as 7-P, and well-developed dorsolateral abdominal setae
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(series

l), at least on segments IV and V. Danks

and Corbet (1973)

presented keys to separate all four instars of impiger from nigripes.

Biology. The distribution of A. impiger, and of nigripes with which it
coexists over most of the Canadian arctic, would indicate it is well adapted
to cold and windy summer conditions. It has lost neither its need for a blood
meal nor its mating flight. In most aspects of its life cycle it scarcely differs
from other species of Aedes farther south (Corbet and Danks 1973), yet it
in environments that are far more rigorous than any other mosquito species has been able to colonize. A few females that were denied
blood but given access to sugar and nectar were able to develop some eggs
by resorbing most of the oocytes, which indicates a tendency to facultative
autogeny (Corbet 1964, 1965).

succeeds

At Lake Hazen, Ellesmere Island, eggs were discovered in cracks in the
tundra, 5-20 mm below the soil surface, on the northern (that is, south-facing) edges of tundra ponds. Oviposition occurred during the warmest part of
the day, usually a few hours after solar noon (Corbet 1966). As in nigripes,
the eggs are usually placed where the pond will first thaw the following
spring.

Although adult activity at Laken Hazen was greatest around solar
noon, the warmest part of the day, Corbet (1966) found small peaks of
activity in the morning and in the afternoon that he interpreted as vestiges
of the periods of maximum activity that usually occur at sunrise and sunset
in most mosquitoes farther south.

As might be expected, larvae of this species and nigripes have the
lowest temperature threshold of any northern species (Haufe and Burgess
1956). Probably because of this low temperature threshold and also because
of its small size, it was the first species to emerge at Churchill, Man.
(Hocking et al. 1950, identified as nearcticus), and in Alaska (Gjullin et al.

le6l).
On Victoria Island, NWT, larvae of impiger did not share the same
tundra ponds with larvae of nigripes, but were collected in the small
interconnecting ditches and puddles between polygons that had been formed
by ice wedging. In Peary Land, where such small pools were scarce, and
nigripes was not present, larvae of impiger occupied the larger tundra
ponds.

D.istribution. North America and Eurasia: Alaska and the high
mountains of Oregon and Colorado, east through the taiga and tundra of
Canada to Newfoundland, north to Ellesmere Island and Greenland; northern Scandinavia east across northern Siberia to the Bering Strait, including
the nerv Siberian Islands.
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Aed es i m pl ic at u s Vockeroth
Plate 32;Figs. 100, 150, 197,201;Map32

Aedes impiger, of authors prior to 1954, not Walker, 1848.
Aedes implicatus Vockeroth,

19

54a:l 10.

Adult. Female: Integument medium brown; proboscis and palpus
dark-scaled, with the palpus having a few pale scales; pedicel mostly
pale-scaled; vertex mostly pale-scaled, except for a pair of dark triangles;
antepronotum pale-scaled; postpronotum brown-scaled above, pale-scaled
below; hypostigmal area occasionally with a few scales; median and submedian stripes and often part of sublateral stripe of scutum yellowish brown
scaled, usually with a pair of narrow submedian stripes of narrower, hence
apparently darker, scales; remainder of sublateral area and lateral area with
grayish white scales; postprocoxal and upper half of anteprocoxal membranes with scales; anterodorsal corner of katepisternum and ventral third of
mesepimeron bare; tibiae and first tarsomeres mostly dark-scaled, with
scattered white scales more numerous on ventral surfaces; remaining tarsomeres dark-scaled; tarsal claws moderately and evenly curved, with relatively small subbasal tooth; wing veins dark-scaled, except for a small patch
of white scales at extreme base of costa; abdominal tergites dark-scaled,
each with transverse basal band of white scales.
Male: Proboscis entirely and palpus mostly dark-scaled; apex of third
palpomere and lateral and medial surfaces of fourth palpomere with long
dense fringes of setae; coloration and scaling as in female, except that
anteprocoxal membrane is bare; medioventral edge of gonocoxite with
numerous long medially directed setae along entire length; a group of 6-12
exceptionally long setae arising from dorsal surface of gonocoxite at base of
apical lobe; basal lobe of gonocoxite conical, with long medially directed
enlarged seta arising distal to a row of finer shorter medially directed setae;
apical lobe of gonocoxite prominent, rounded, almost parallel-sided, directed
posteromedially rather than posteriorly; claspette filament with flattened
keel along entire length of convex side.
Larva. Head setae 5-C and 6-C usually single, occasionally double;
prothoracic setae 2-P and 3-P finer and shorter than half as long as seta 1-P;
mesothoracic seta l-P shorter than head seta 5-C; dorsolateral abdominal

setae l-IV to I-VII rather weak (stronger in communis); comb scales
usually fewer in number than in communis (less than 35 in implicatus,
usually more in communis); each scale broad, fringed apically with long
subequal spinules; pecten teeth evenly spaced; saddle not encircling anal
segment; spinules along posterior margin too small to be readily apparent
under stereomagnification.

This species is similar to communis and stimwlans. It is distinguishable
from stimulans by the microscopic spinules along the posterior edge of the
saddle, which are too small to be seen readily, and from cammunis,
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32.

Collection localities for Aedes implicatus

in

Canada: o specimens we

examined, A literature records.

stimulans, and probably most other similar species by the small rounded
maxilla with short apical brush (Fig. 201). Larvae from brackish conditions
along the coast of James Bay have greatly reduced anal papillae.

Renarks. Before 1954, references to impiger in the literature referred
to this species. Vockeroth (1954a) realized, however, that the type material
of impiger was the same as nearcticus Dyar. The latter then became a
synonym of the older name impiger, while impiger of authors, not Walker,
was renamed as implicatus. We have also examined one of Walker's
specimens (designated as lectotype by Belkin 1968) and concur with Vockeroth (1954a).

Biology. One of the most widely distributed species in Canada south
of the tree line, A. implicatus is seldom abundant and is not considered a
serious pest. It is a forest species with one spring generation that develops
very early. It is one of the earliest species to appear as an adult (Gjullin et
al. 1961, Barr 1958). In Colorado, Smith (1965) found larvae of implicatus
almost invariably in small shallow pools left by receding stream waters,
shaded by willow thickets and usually fed by some running water. We have
found implicatus larvae in large numbers in a similar habitat near Perth,
Ont., associated with younger instars of stimulans. Adults of implicatus
appear to be short lived. Viruses of the Snowshoe Hare strain (California
group) have recently been isolated from larvae of implicatus in Saskatchewan (Mclintock et aL l976).
Distribution. North America, from Alaska, Washington, and Colorado east to Newfoundland and Massachusetts.
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Aedes increpitus Dyar
Plates 9,33; Figs.83,88, 120, 199,202; Map 33

Grabhamia vittata Theobald, 1903c:313 (preoccupied

in

Aedes by

Aedes vittatus Bigot).
Aedes increpitus Dyar, 1916:87.
Aedes mutatus Dyar, l9l9b:,24.
Aedes hewitti Hearle, 1923:5.

Adult. Female: Integument reddish brown; proboscis entirely darkscaled; palpus dark-scaled except for narrow white-scaled basal ring on each
of third and fourth palpomeres; pedicel with four or five pale scales medially
among group of short setae, otherwise bare; postpronotum mostly brownscaled; scutum mostly reddish brown scaled, usually with a narrow presutural dorsocentral streak or spot of white scales, and a more conspicuous

postsutural stripe of similar scales, usually also with white scales on
prescutellar area and often a narrow median line of white scales; lateral
stripe of scutum white-scaled; postprocoxal membrane and anterodorsal
corner of katepisternum with white scales; lower mesepimeral setae present;

tibiae and first tarsomeres with nurnerous scattered white scales;

each

tarsomere except the last one with a broad basal ring of white scales; tarsal
claws small, short, slightly bent beyond middle; wing veins dark-scaled,
usually with a few scattered pale scales; abdominal terga dark-scaled, each
with basal transverse band of white scales; first abdominal sternite usually
covered with pale scales and short pale hairs.

Male: Palpus slightly longer than proboscis; second to fourth palpomeres each with conspicuous basal patch of pale scales and pale scales
scattered distally; apex of third palpomere and all of fourth palpomere with
fringe of long setae; scaling and coloration as in female; first abdominal
sternite covered with pale scales and hairs; basal lobe of gonocoxite low,
without enlarged seta; patch of medially directed setae extending along
inner margin of gonocoxite one-quarter of the distance to apex; apical lobe
angular; claspette filament with long cylindrical base, with the keel occupying the apical two-thirds or less of the convex side.
tarva. Head setae 5-C and 6-C single; prothoracic seta 8-P minute;
seta 9-P as long as a branch of 7-P; dorsolateral abdominal setae (l-IV and
l-V) on segments IV and V short, in contrast with elongate dorsolateral seta
(I-VII) on segment VII; subapical spinules of each comb scale nearly as
long as apical spinule; pecten teeth evenly distributed, each with two or
more basal teeth; anal papillae creamy white, almost transparent (Carpenter
1962), about as long as anal segment, with the dorsal pair longer than the
A nondescript larva, without any distinctive characters of its
own. Resembling stimulans, it is not known at present to overlap geograph-

ventral pair.

ically with that

species.
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Remarks. Usually the first abdominal sternite of the adult in

all

species except increpitus is bare (a few scattered scales may sometimes be

present, for example, in pionips) in contrast with the remaining sternites,
which are always covered with scales. Most adults of increpitus from the
interior 5f British Columbia, where the species seems most common, have
the first abdominal sternite covered with white scales and pale hairs, and in
this respect the species is unique among Canadian species. Unfortunately, a
series of reared specimens from Elkwater, Alta., lacks this character, and it
is not always present in all specimens from British Columbia. Although the

a spine on a distinctly elevated basal lobe renders the male
distinctive among banded-legged Aedes of the excrucians group, females
lacking scales or hairs on the first abdominal sternite may be recognized by
a black-scaled proboscis, nearly scaleless pedicel, mostly reddish brown
scaled scutum with prominent pale dorsocentral spot, wing scales almost
entirely dark, and small evenly curved tarsal claws. The larvae are best
lack of

identified by elimination.

Biology. Aedes increpilzs is uncommon and local in Western Canada
(Rempel 1950). In the lower Fraser Valley, Hearle (1926, as Aedes
mutatus) located larvae in pools left behind by high water of the Fraser
River. Freeborn (1926) recorded it as the predominant mosquito in Yosemite Valley of California in circumstances similar to those of the Fraser
Valley. The species overwinters as an egg, hatching in spring, but it may
also be capable of a second generation, because Carpenter (1962) records
the reappearance of increpitus larvae after a flood in August had refilled the
same pools that had dried up after the spring brood of increpitus had left'
The larvae are not confined to floodwater situations, however, but have been
collected in a variety of habitats. Chapman (1961) recorded increpitus as
203

the most common species in snowmelt pools in the foothills of Nevada,
inhabiting open roadside ditches as well as shaded pools. Carpenter (1962)
considered the typical larval habitat to be large willow-shaded pools in
California. These larvae are among the last to complete development (Dyar

l9l6).

In Nevada and Utah females of increpitu,r are an important pest
(Chapman 1961, Nielsen and Rees 1961). In Canada the females are
probably too uncommon to be important as pests except locally in the
foothills and in the Cypress Hills of Alberta.
Dyar (1916) observed what amounted to swarming behavior among
male inuepilus in California. Individuals drifted and circled, usually without forming a definite aggregation. Carpenter (1962) collected several male
increpitus flying around his head. Possibly they were using him as a swarm
marker, as was recorded for the males of spencerii (Knab 1908).

Distribution. North America, from British

Columbia and California

east to Saskatchewan and New Mexico.

Aedes intrudens Dyar
Plate 34; Figs. 140, 1'70, l'/9; Map 34

Aedes intrudens Dyar, 1919b:23.

Adult. Female: Integument medium brown; proboscis and palpus
dark-scaled; pedicel yellowish, especially laterally, paler than clypeus, with
at most two or three pale scales, usually without scales; vertex, upper third
to half of postpronotum, and scutum with yellowish brown scales; submedian stripe of scutum sometimes with slightly narrower scales, which though
concolorous with those beside them appear darker because of exposure of
integument; postprocoxal membrane, anterodorsal corner of katepisternum,
and lower third of mesepimeron without scales; hypostigmal area usually
bare, rarely with a patch of scales; tibiae and tarsi dark-scaled; tarsal claws
rather small, moderately and evenly curved, with small subbasal tooth; wing
veins dark-scaled; abdominal terga dark-scaled, each with transverse basal
white-scaled band.

Male: Proboscis dark-scaled; palpus slender, entirely dark, about as
long as proboscis; apex of third and fourth palpomere with dark setae that
are not especially long or dense; scaling and coloration as in female;
gonocoxite with medially directed enlarged seta arising near base of basal
lobe; basal lobe of gonocoxite bottle-shaped, with two posteriorly directed
curved bristles arising from apex; medioventral apex of gonocoxite with a
tuft of long posteromedially directed setae; apical lobe rounded, welldeveloped; claspette stem with short conical posteromedially directed offshoot at its mid length, terminating in a fine seta; claspette filament with an
angular keel along its entire convex margin.
204

\[

i\, \

.rlj
pecten teelh

{S.*ar*-x=.*

{-<-\ :---\
'fnre

mid

nrnf,

s<;r\

(t'-a\

\

<s

s

GS

I

Plate 34.

tarsal claws

Aedes intrudens

205

-'!

I i:

i.+*
i(-v

*.t_:

\-\
\v
(,n

tfi

l\

U.\

Map 34. Collection localities for Aedes intrudens in Canada: o
examined,

specimens we

literature records.

Larva. Maxillary palpus oval, with long narrow pencil-like apical tuft
of setae (Fig. 170); antenna slender, longer than in most Aedes; head seta
6-C arising close to seta 5-C, both with an average of three branches;
prothoracic seta 8-P as long and as thick as a branch of 7-P; seta l0-P much
shorter than 8-P; distal pecten teeth unevenly spaced, and usually also
irregularly placed, even on both sides of the same larva; upper and lower
lateral abdominal setae (6-I and 7-I) of segment I, and upper lateral of
segment II (6-II) single; last pecten tooth usually arising close to siphonal
tuft, often dorsal to it, and at or near the same level; comb scales few
(12-16), each with long apical spine and short subapical spinules; saddle
usually incised at posteroventral corner.

Remarks. Aedes intrudens is usually collected in association with
communis. The larva and adult male of intrudens are readily distinguished
from that species, and from any other, but the females are rather nondescript and have often been mistaken for communis and, sticticus. The latter
always has

a broad reddish

brown middorsal scutal stripe, but some

communis have little or no evidence of a dark submedian scutal stripe, hence
reliance must be placed on the absence of scales both on the anterodorsal
corner of the katepisternum and on the lower fourth of the mesepimeron.
Aedes communis has both these areas fully scaled, whereas sticticus has the
katepisternum scaled but lacks scales on the lower border of the mesepimeron. Both intrudens and, sticticus have shorter, more strongly curved tarsal
claws than does communis, but the differences are subtle.

Biology. Like A. implicatus, intrudens is distributed throughout
Canada south of the tree line, but unlike that species it is a more troublesome biter, seldom abundant, but present everywhere in late spring.
Being short-lived, however, it cannot be ranked among the serious pests. It is
aptly named, because blood-seeking females seem more adept than other
Aedes in locating and entering minute openings in buildings (Dyar 1919b,
1928). In the Ottawa area,larvae hatch from overwintering eggs in April, in
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temporary woodland snowmelt pools. The species is often associated with
communis and diantaears in hardwoods, or with punctor and abserratus in
coniferous woodland, emerging before any of these species "Early emergence
and a tendency to being short-lived were also noted by Barr (1958).

Curtis (1967) rated intrudens as uncommon in British Columbia. At
Waskesiu, Sask., it made up almost half of the biting population (Rempel
1953), attacking during the day as well as at night. Barr (1958) and Natvig
(1948) also experienced annoyance during the day from this species. There
seems to be no specific information available concerning its mating or
oviposition behavior.

Distribution. North America and Eurasia: Alaska and Oregon east to
Newfoundland and Massachusetts; western Europe, east to Khabarovsk and
Kamchatka, north to the taiga, south to the Ukraine.
Aedes melanimon DYar
Plate 35; Figs. 117, 189; Map 35

Grabhamia mediolineatq Ludlow, 1907:129 (preoccupied in Aedes by
Aedes mediolineatus (Theobald), 19014).
Aedes mel animon Dyar, 1924a:126.
Aedes klotsi Matheson, 1933:69.

Adult. Female: Scutum with middorsal reddish brown

stripe

streaked with white; lateral stripe reddish brown, concolorous with upper
half of postpronotum and middorsal stripe; sublateral area chalky white;
veins predominantly dark-scaled, R4*s, M2, Mr, Mo, and CuA, usually
lacking white scales; tarsal claws similar in shape to, but smaller than, those
of campestris; abdominal tergites each with narrower, more clearly defined
midlongitudinal pale band and transverse pale basal band; lateral dark areas
correspondingly larger and with fewer scattered pale scales; otherwise very
similar to campestris and dorsalis, but separable from campestris by the
dark wing veins, and from dorsalis by the shape of the tarsal claw.

Male:

Hind tarsal claw as in female, with long slender subbasal tooth,

in length more than half the distance between apices of tooth and

claw;

scutum varying from almost entirely whitish, that is, middorsal stripe partly
obliterated by whitish streaks, to extensively reddish brown scaled; basal
lobe of gonocoxite with two enlarged darkened setae, one short and one long,
as in dorsalis, except that both arise side by side on posterolateral angle of
lobe; apical lobe prominent, extending distal to level of base of gonostylus;
claspette filament with slender cylindrical base and low crest on convex side;
coloration and scale patterns as in female.

Larva. Dorsum of head capsule with large median circular spot of
dark pigment and a similarly pigmented crescent-shaped spot behind it, with
concave margin directed anteriorly; head setae 5-C and 6-C each single;
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prothoracic setae 8-P and 9-P subequal in length, both shorter than half
length of a branch of 7-P; dorsolateral abdominal setae (l-IV and l-V) of
segments IV and V minute; ventrolateral setae (series 13) of segments III to
V double, about two-thirds as long as upper laterals; comb scales 19-24,
each with long subapical spinules that are two-thirds or more as long as
apical spine; siphon shorter and wider than in campestris,less than 3 times
as long as maximum width; pecten teeth evenly spaced, each with two or
more small basal teeth; siphonal seta l-S longer than basal width of siphon;
saddle, in lateral view, nearly twice as deep anteriorly as posteriorly, thus
appearing truncated or notched posteroventrally; anal papillae unequal, with
ventral pair shorter than dorsal pair, both shorter than saddle.
Remarks. Aedes melanimon was first reported in Canada from
Brooks, Alta. (Burgess 1957). In southwestern Saskatchewan it is locally
common (Holmberg and Trofimenkoff 1968). In addition, several adults of
this species from the interior of British Columbia, especially from the
Kamloops area, were discovered among dorsalis in the Canadian National
Collection. The immature stages have only recently been collected in
Canada at Keremeos, B.C. (Costello, personal communication). These
records appear to indicate the northern limits of its range, because it is
much more common in the southwestern USA.
Biology. This species overwinters in the egg stage. It is capable of one
or more summer generations, similar to its relatives campestris and dorsalis.
Nielsen and Rees (1961) found larvae in overflowing streams and irrigated
pastures. Larvae were collected in large numbers in Colorado in June from
overflow pools along the Animas River (Harmston and Lawson 1967).
Because this species was formerly mistaken for dorsqlis, much early work

on virus transmission and other information on the latter's biology

is

questionable.
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Distribution. North America, from British Columbia and California
east to Saskatchewan and Colorado.

Aedes mercurator Dyar
Plates 9, 36; Figs. 87,123; MaP 36

Aedes mercurator Dyar, l92oa:13.
Aedes albertae Dyar, 1920b:ll5 (as stimulars ssp.).
Aedes stimulans; sensu Gjullin et al. 1961, not Walker, 1848'

Adult. Female: Integument dark brown; proboscis and palpus darkscaled, with the palpus usually having a few pale scales at base of third and
fourth flagellomeres; scales on pedicel mixed pale and dark, extending over
entire medial edge; vertex yellow-scaled except for a pair of dark lateral
spots; antepronotum and lower two-thirds of postpronotum yellow-scaled;
upper third of latter brown-scaled; scutum with broad middorsal longitudinal stripe (combined median and submedian stripes) of dark reddish brown
scales, usually including within it a pair of narrow submedian stripes of
narrower, hence apparently darker, scales; presutural sublateral, lateral, and

prescutellar areas entirely yellow-scaled; postsutural sublateral stripe
brown-scaled; postprocoxal membrane, anterodorsal corner of katepisternum, and almost all of mesepimeron with pale scales; mesepimeral bristles
present; tibiae predominantly dark-scaled, but with numerous scattered
white scales; first fore tarsomere almost entirely dark-scaled, with narrow
indistinct basal white ring and few scattered white scales; second tarsomere
with broad white-scaled basal ring; third tarsomere usually with small
medial basal spot of white scales only; fourth and fifth tarsomeres usually
devoid of white scales; mid tarsus similar to fore tarsus except that third
tarsomere usually with complete white basal ring; fourth tarsomere with a
few white scales basally; hind first tarsomere with distinct but narrow basal
white-scaled ring; second to fourth tarsomeres each with broad (alrnost half
as long as the segment) white-scaled ring; fifth tarsomere sometimes with a
few pale scales basally; tarsal claws relatively large, bent near middle
beyond subbasal tooth, with the apex beyond the bend tapering uniformly

and not thickened; wing veins entirely dark-scaled; abdominal tergites
dark-scaled, each with basal transverse band of white scales.

Male: Palpus longer than proboscis by almost the full length of the
last palpomere; each palpomere dark-scaled, with pale-scaled basal ring or
spot dorsally; apex of third and margins of fourth palpomere with conspicuous dense fringe of long setae; tarsi even more sparingly white-scaled than
those of female, with first fore and mid tarsomeres usually without basal
white rings; coloration and scaling otherwise as in female; medially directed
enlarged seta on gonocoxite at base of basal lobe extremely long, extending
across midline nearly to base of opposite bristle; apical lobe of gonocoxite
not extending distal to base of gonostylus; claspette filament long, with
cylindrical base and keel having retrorse angle confined to apical half of
convex side.
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Larva. Head seta 5-C with three to six branches, usually at least four
or more on one side; seta 6-C with one to four branches; prothoracic setae
2-P and 3-P about half as long as l-P; mesothoracic seta l-P single, as long
as seta 5-C; dorsolateral abdominal setae (series l) developed only on
segments IV, V, and VII, usually more than two-thirds as long as upper
lateral seta (in stimulans, setae l-IV is usually short, whereas seta l-V is
half as long as seta l-VI); pecten teeth evenly spaced; saddle encircling
two-thirds or more of anal segment; anal papillae longer than anal segment.
The larva is most likely to be mistaken for that of pionips or aboriginis
because of the elongate l-M and multibranched head seta 5-C. The former
has 60 or more comb scales, twice as many as mercurator, and an elongate
seta 3-M, whereas aboriginis has the lower lateral seta (7-II) as long as the
upper lateral (6-II) above it.

Remarks. Dyar (1920a) remarked on the lack in Western Canada of
the preferred habitat of stimulans, that is, of pools that were filled by high
water rather than by seepage or snowmelt. He first assumed that stimulans
had changed its habits, but later (l92}b) concluded that stimulans had been
replaced there by a related form that he described as stimulans albertae. In
thise two papers he noted the greater number of branches of the larval head
seta 5-C of both albertae and mercurator and the longer spine on the basal
lobe ofthe gonocoxite, but some years later (1928) he concluded that these
characters were too subtle for species separation and albertae and mercurator were relegated to the synonymy of stimulans. Aedes mercurator was
recognized as a separate species (Danilov 1974) primarily on larval differences, and albertae was shown to be mercurator rather than stimulans
(Wood

19'17).

species have been found earlier in the
the
edges of open semipermanent marshes
spring than most other species at

Biology. The larvae of this
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that have abundant emergent vegetation (Dyar 1920b, Gjullin et al. 1961, as
stimulans). Males were observed swarming at Dawson, Y.T., over willow
bushes on a hillside after sunset (Dyar 1920b). The species (as stimulans)
was considered rare in British Columbia (Curtis 1967) and Saskatchewan
(Rempel 1953). Both these authors commented on how much more pestiferous stimulans was in eastern North America than in their areas. Although
Rempel (1950) did not find the larvae in Saskatchewan, he illustrated the
true stimulans (his fig. 16) probably using a specimen from Eastern
Canada.

Distribution. North America and Eurasia: northeastern part of European USSR and Crimea, Caucasus, the mountains of Turkey, east across
Siberia and Alaska to Ontario. The North American distribution is still
largely unknown.
Aed es

n ig r i

pes (Zetterstedt)

Plate 37; Figs. 97, 142, 162; Map 37
Cu le x ni gri pe s

Zett erstedt,

I 8 3 8 : 807.

Aedes innuitusDyar and Knab, 1918:166.
Aedes alpinus, authors, not Linnaeus.

Adult. Female: Integument dark brown; proboscis and palpus darkscaled, with the palpus sometimes having some pale brown scales; pedicel
three-quarters encircled, medially, dorsally, and laterally, with mixed pale
and dark scales; scales of vertex, postpronotum, and scutum dark coppery
brown, paler on supraalar and prescutellar areas and fading as a result of
sunlight to yellowish or silvery gray in older specimens; postpronotum and
scutum except for submedian and postsutural sublateral stripes clothed with
rather long, fine, erect brown setae; integument of scutum, when denuded of
scales, matt blackish brown pollinose, lacking the grayish pollinose submarginal and transverse sutural markings usually present in other species;
pleural scales pale yellowish brown; lower mesepimeral setae numerous;
tibiae and first tarsomeres dark-scaled, with scattered paler brownish scales;

remaining tarsomeres dark-scaled; tarsal claws long, moderately and evenly
curved beyond subbasal tooth; wing veins mostly dark-scaled, usually with
paler scales scattered at base of costa and radius, and sometimes at base of
other veins as well; abdominal terga dark-scaled, each with basal transverse
white-scaled band.

Male: Palpus shorter than proboscis by nearly the length of the last
palpomere, entirely dark-scaled; apex of third and margins of fourth palpomere with fringes of long setae; scutum sparsely scaled, readily denuded,
with the scales brown at emergence but silvery gray in most field-collected
specimens; all setae of head, thorax, abdomen, and legs dark brown; hind
margin of sternite VIII convex, fringed with 20 or more stiff setae; lobes of
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sternite IX closely approximated, separated by narrow V-shaped notch, each
lobe broad, rounded, studded with short stout setae; basal lobe of gonocoxite
conical, covered with medially directed setae but lacking an enlarged seta;
apical lobe reduced, inconspicuous; claspette filament with low keel occupying entire convex side.

Larya.

Prothoracic setae highly branched; seta l-P with three or four
with four or five branches; seta 6-P double or triple
(always single in other species except occasional specimens of atropalpus);
seta 7-P usually with l0 or more branches; dorsolateral abdominal setae
(series 1) well-developed on segments III to VII inclusive, usually double
and as long as upper laterals; saddle usually completely encircling anal
segment (if not, leaving only a narrow gap); distal pecten teeth more widely
and unevenly spaced than proximal teeth, with the last tooth usually arising
branches;, seta 5-P

beyond siphonal tuft.

No other Canadian species has such highly branched prothoracic

setae.

In our material, seta 7-P in most fourth instars had ten or more branches,
whereas other species had only four or five. However, Carpenter and
LaCasse (1955) reported five to ten as the range, which is closer to the
condition in the third instar in our material. In spite of the variation in each
of the above-mentioned characters, nigripeJ occurs with few other species
and should be easily recognized. Danks and Corbet (1973) provided keys for
the separation of early instars of this species ftom impiger.

Biology. The only arctic species that does not extend south in the
mountains, nigripes is confined to the tundra north of the tree line and to
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the extensive alpine areas of Quebec and northwestern British Columbia. At
Churchill. Man.. it was associated with tundra and was rarely collected in
birch-willow scrub and not at all in forest pools (Hocking et al. 1950). After
impiger, nigripes was the next species to emerge at Churchill. On Victoria

Island, NWT, it was more common than impiger, but neither species
attacked in the huge numbers characteristic of hexodontus nearer the tree
line. Larvae developed in larger tundra ponds that had grass or sedge
margins; larval density was low, but was counterbalanced by the large
number of ponds.

At Lake Hazen, Ellesmere Island, oviposition took place only in direct
sunlight at the edges of tundra ponds, 5-10 cm above the water level, on
moist surfaces that directly faced the sun (Corbet 1964, 1965' 1966, Corbet
and Danks 1975). Most of the eggs were laid within an hour of solar noon
and, thus, were concentrated on the south-facing slope where the ice would
thaw first the following spring.
Corbet (1964) observed the autogenous development of up to 16 eggs in

female nigripes that had been fed only nectar or sugar or both after
emergence. He postulated that in bad weather or when vertebrates were few
in numbers such facultative autogeny, which was also found to a lesser
degree in impiger, might be sufficient to maintain the mosquito population.
Aedes nigripes, like impiger, were observed attempting to feed on various
birds and mammals and were particularly successful in feeding on incubating loons and ducks (Corbet and Downe 1966). Precipitin tests showed that
at least one had probably engorged on a musk ox.

Male swarms of nigripes were often observed by one of us (D.M.W'),
Victoria
Island, in gullies l5-20 cm deep formed by frost action between
on
large polygons. Because such sites were below ambient ground level, they
were somewhat sheltered from the wind.

Distribution. North America and Eurasia: circumpolar north of the
tree line from northern Scandinavia across arctic Siberia (including Komandor Island off Kamchatka) and Alaska to Greenland and Newfoundland.
Aed es n i g r o m ac u lis (Ludlow)

Plate 38; Figs. 80, 118, 173, 178; MaP 38

Grabhamia nigromaculis Ludlow, I 906c:83 (l 907:85).
Grabhamia grisea Ludlow, 1 907: 1 30.

Adult. Female: Integument medium brown; proboscis dark-scaled
except for white-scaled ring, which may be obscure in some specimens,
encircling middle one-fifth; palpus dark-scaled; pedicel pale-scaled except on
ventral quarter; vertex pale-scaled medially, with dense group of pale erect
forked scales, yellow-scaled laterally; upper half of antepronotum, upper
half to two-thirds of postpronotum, and most of scutum covered with dense
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recumbent narrow yellow scales; scutum with darker yellowish brown scaled
middorsal stripe, blending to paler yellow sublateral area, then blending to
darker lateral stripe; probasisternum, postprocoxal membrane, hypostigmal
area, and anterodorsal corner of katepisternum with white scales; fore coxa,
femora, tibiae, and first tarsomeres with mixed pale and dark scales; second
and third fore and mid tarsomeres and all hind tarsomeres except the last
one dark-scaled, each with a broad basal band of white scales; tarsal claws
long, moderately and uniformly bent beyond middle; wing veins predominantly dark-scaled, with scattered pale scales at least on basal portions of all
main veins; first and seventh abdominal terga predominantly pale yellowish
scaled; second to sixth terga each with T-shaped pattern of yellowish scales
formed by basal transverse band contiguous with lateral triangle and
midlongitudinal band; cercus dark-scaled.

Male. Proboscis dark-scaled without pale ring; palpus slightly longer
than proboscis; last three palpomeres dark-scaled, with narrow basal palescaled band; apex of third and margins of fourth and fifth palpomeres with
long dense fringes of yellowish brown setae; coloration and scaling as in
female; gonocoxite short and broad, with the basal lobe displaced distally
almost to mid length; basal lobe a low rounded tubercle with a group of
medially directed setae, but lacking an enlarged seta; apical lobe undifferentiated; claspette filament a simple, curved, needle-like rod without a keel.

Larva. Antenna exceptionally short; siphon short and broad, only
2-2.5 times as long as wide; pecten teeth extending to apical quarter of
siphon, with the distal teeth more widely and irregularly spaced than the
proximal teeth; siphonal tuft minute, scarcely longer than last pecten tooth,
and much shorter than apical diameter of siphon; saddle completely encircling anal segment.
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Biofogy. Aedes nigromaculis is found only on the prairigs, where it
may be a serious pest in irrigated areas (Strickland 1938). In southern
Saskatchewan, it breeds in shallow depressions and irrigation ditches
(Rempel 1953). In Manitoba (Brust, personal communication), larvae were
found only in certain depressions year after year but the reason for selecting
these sites was not apparent. In parts of the USA, larvae of nigromaculis
have been associated with alkaline situations and saltgrass (Distichlis)
meadows in Nebraska (Rapp and Harmston 1965) as well as with irrigation
(Nielsen and Rees 1961). A late species, first appearing in July, it may
produce a second generation under conditions of favorable summer rainfall.
Adults of this second generation have been numerous at times in the vicinity
of Regina, but in Manitoba this species is much less common (Mclintock
and Rempel 1963). Females of nigromaculis, similar to its relatives sollicitans and taeniorhynchus, are notoriously wide-ranging and have been
recorded 50 km or more from their breeding sites (Dyar 1929). A single
early record (McClure 1943) from Churchill, Man., has never been confirmed by subsequent collecting. Our conclusion is that either the species is
wide-ranging or it was incorrectly identified.
females of nigromaurlis oviposited in clumps of bunchirrigated pastures, especially in moist depressions' When the
temperature dropped and the hours of daylight decreased during October,

In California,

grass

in

the eggs went into diapause. The following spring when the temperature and
the hours of daylight increased, diapause ended (Miura and Takahashi
I 973).

Males swarm after sunset over prominent objects on the prairie (Dyar
r922b\.

Distribution. Western North America, from Alberta and California
east to Manitoba and Texas.

Aedes PioniPs DYar
Plate 39; Figs. 184, 187; Map 39
Aedes pionips Dyar, 1919b:19.

Adult. Female: Integument dark brown; proboscis and palpus entireIy dark-scaled; dorsomedial half of pedicel predominantly pale-scaled, vertex
and presutural sublateral and lateral areas of scutum yellow-scaled; upper
third of postpronotum and middorsal stripe (median and submedian stripes
combined) dark brown scaled, the latter occasionally with a single row of
yellow scales on the acrostichal line; postsutural sublateral stripe dark
brown scaled, separated from submedian stripe and lateral edge of scutum
by a narrow line of yellow scales; setae of scutum and scutellum mostly dark
brown; antepronotum, lower two-thirds of postpronotum, postprocoxal membrane, anterodorsal angle of katepisternum, and all of mesepimeron with
pale scales; tibiae with some scattered pale scales; tarsi and wing veins
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Map 39. Collection localities for Aedes pionips in Canada: ' specimens we
a literature records, A literature records based on probably misidentified

examined.

specimens.

entirely dark-scaled; tarsal claws moderately and uniformly curved beyond
middle; abdominal terga dark-scaled, each with basal transverse pale-scaled
band; first abdominal sternite with a few recumbent pale scales'

Male: Palfus entirely black, about as long as proboscis; apex of third
and margins of fourth palpomere fringed with long setae; yellow scales of
occiput and scutum paler than in female; submedian and postsutural
sublateral brown-scaled stripes narrower, separated by correspondingly
wider yellow stripes; terminalia nearly identical with those of communis.
An undamaged male can usually be recognized without examining the
terminalia by the following characters: legs black-scaled; palpi slightly
shorter than proboscis (longer in communis); postprocoxal scale patch
present (absent in communis); dorsal margin of katepisternum scaled to
anterodorsal corner; mesepimeron scaled almost to lower margin; scutum
with broad, sharply defined submedian and supraalar stripes of dark brown
scales contrasting with pale yellow scales of narrow median line, lateral
areas, and postpronotum (the contrast is not so great in punctor and
communis; it is more of a contrast between light and dark shades of bronzy
brown); scutal bristles predominantly dark brown (bronzy yellow in communis), especially noticeable among supraalar group; terminalia almost
identical with those of communis, although the ventrally projecting setae
along the median edge of the apical lobe tend to be longer and the secondary

cresi of the claspette filament less well developed and sometimes scarcely
evident.

Larva. Head and body dark greenish brown; head setae 5-C and 6-C
each usually with four or five branches (rarely three or six); prothoracic
22r

setae 2-P and 3-P more than half as long as l-P, although finer (in the
punctor group 2-P and 3-P are the same length and thickness as 1-p);
mesothoracic setae l-M and 3-M about the same length and thickness, each
about as long as head seta 5-C (in pullatus, l-M is very long, almost twice
as long as seta 5-C and twice as long as 3-M); comb scales 60 or more,
densely crowded, and difficult to count, each with a long spatulate distal
free portion fringed with numerous similar spinules; pecten teeth evenly
spaced.

Biology. A transcontinental species common in the northern coniferous or boreal forest, but rare and local south of these regions (Rempel
1953). This species overwinters in the egg stage. The Iarvae, hatching in
spring, have been found in cool clear moss-lined pools in depressions at the
bases of spruce trees in northern Saskatchewan (Dyar 1919, Rempel 1953)
and in snowmelt pools in southeastern Manitoba. In Alaska, the larval
habitat was more varied, including roadside ditches, vehicle and animal
tracks, and other small pools in disturbed ground (Jenkins 1948, Gjullin et
al. l96l). Dyar (1928), Haufe (1952), Rempel (1953), and Gjullin et al.
observed that pionips larvae were slow to develop and were still in the larval
stage after punclor, communis, and most other associated spring Aedes had
emerged.

Rempel (1953) observed that in Saskatchewan the species was not an
avid feeder and rarely engorged. Although females settled on an observer,
they did not probe the skin readily and were easily disturbed.

Distribution. North America and Eurasia: northern half of European
USSR, east across Siberia to Alaska, south to the mountains of Idaho and
Colorado, and east in forested areas of Canada to Newfoundland.
Aed es pr ov ocan s (Walker)
Plate 40; Figs. 95, 99,

l39,l6l;

Map 40

Culex provocans W alker, 1848:i .
Culex trichurus Dyar, 1904a:170.
Culex cinereoborealis Felt and Young, l9O4:312.
Aedes pagetonotum Dyar and Knab, 1909b:253.
Aedes poliochros Dyar, 1919b:35.

Adult. Female: Integument pale brown; proboscis and palpus darkscaled, with the palpus sometimes scatteied with pale scales; vertex with
pale recumbent scales medially, yellowish recumbent scales laterally, forked
erect scales predominantly yellowish medially and brown laterally; antepronotum and postpronotum with oval, flat, recumbent white

scales;

anterolateral margin of scutum and most of lateral and presutural sublateral
areas of scutum with broad crescent-shaped white scales; median, submedian, and postsutural sublateral stripes with narrow yellow and pale brown
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Map

40.

examined,

Collection localities for Aedes provocans

a literature records.

scales intermixed;

in Canada: '

a triangular patch of creamy yellow

specimens we

scales occupying

posteromedial corner of presutural sublateral area bordered medially by
brown scales of submedian band and posteriorly by white scales along
transverse suture; hypostigmal area, probasisternum, and anteprocoxal
membrane adjacent to proepisternum; all of proepisternum, postprocoxal
membrane, anterodorsal corner of katepisternum, and all of mesepimeron
with broad oval white scales; lower mesepimeral setae numerous; tibiae and
first tarsomeres extensively pale-scaled; remaining tarsomeres dark-scaled;
wing veins dark-scaled except for small patch of white scales at base of
costa; abdominal terga dark-scaled, each with transverse basal band of white
scales; intersegmental membrane between first tergum and sternum with a
patch of flat oval white scales continuous with those on lateral margin of
tergum.

Male:

of the last palof palpus yellowish, sparsely clothed with dark scales;
apex of third and margins of fourth palpomere densely fringed with long
yellowish dark-tipped setae; anteprocoxal and postprocoxal membranes,
proepisternum, hypostigmal area, and membrane between first tergum and
sternum with white scales as in female; other coloration and scaling as in
female; basal lobe of gonocoxite small, with longitudinal row of long,
curved, medially directed setae, and with two long thick distally directed
setae and several finer posteriorly directed bristles; apical lobe prominent;
Palpus longer than proboscis by the length

pomere; integument

claspette filament sl,ort, conical, with four or five concentric ridges.

A medium to large

black-legged species, with postprocoxal scale patch

and an extensively scaled pleuron, especially the anepisternum, which is
almost completely covered with broad waxy white scales that are characteristic of this species. It is also the only species with an extensive patch of
aaA

scales on the membrane between the tergite and sternite of the first
abdominal segment. This membrane, in dried material, is folded under the
lateral edge of the tergum and can only be seen from below. If the abdomen
is also folded down touching the hind coxae, the entire region is hidden.
Scales of the central area of the scutum are yellowish, with a pair of
ill-defined brown-scaled submedian stripes infiltrated with yellowish scales;
periphery of scutum white-scaled, thus resembling cataphyl/a (which has
white scales scattered along the costa, subcosta, and R,) and implicatus (in
which the anepisternum is mostly bare), which both have narrower pleural
scales.

Larva. The only species of Aedes with extra hair tufts on the siphon
in addition to the siphonal seta 1-S. Arranged in a dorsolateral and alateral
row on each side, these tufts create a superficial resemblance to a larva of
Culex, but in provocans most of the tufts are dorsolateral rather than
ventrolateral. In Culex, most of the tufts are ventrolateral, and the dorsolateral tufts are lacking (in the Canadian species at least). Also, species of
Culex do not have unevenly spaced distal pecten teeth.

Biology. In the Ottawa

area, adults of provocans are among the first
in the spring, after spencerii and usually before
implicatus. Adults seem to be short-lived, because they are seldom seen
after the other species of Aedes emerge. Larvae usually develop along the
edges of semipermanent marshes (Barr 1958), but they have also been found
in woodland snowmelt pools and in roadside ditches. It is a forest species,
and except for a single female collected at Great Slave Lake, all the records
are from southern Canada.
species of Aedes to emerge

We have observed males swarming after sunset in clearings in the
forest, at about 5 m above the ground. Dyar (1923) observed swarm after
swarm of males drifting across a meadow, also at the same height above
ground.

Distribution. North America, from the Northwest Territories (Great
Slave Lake), British Columbia, and Washington State east to Nova Scotia
and Georgia.

Aedes
Plate

pu

4l; Figs.

II

at u s

(Coquillett)

105, 141, 185, 188; Map

4l

Culex pullatrzs Coquillett, 1904: I 68.
Aedes acrophilus Dyar, 1917 d:l27 .
Aedes pearyi Dyar and Shannon, 1925:78.

Adult. Female: Integument dark brown; proboscis and palpus darkscaled, with the palpus usually having a few scattered pale scales; pedicel
dark brown, concolorous with clypeus, with pale scales dorsomedially; upper
margin of postpronotum usually with a few dark setae; scutum pale brown
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Aedes pullaius
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41.

examined,

Collection localities for Aedes pullatus in Canada: r specimens we
records, a literature records based on probably misidentified

a literature

soecimens.

scaled medially, grading

to

pale-scaled laterally,

with a pair of

dark

submedian stripes that are conspicuous because of the scarcity of scales and
the resulting exposure of integument rather than by darker colored scales;
setae of scutum numerous, though fewer than in irnpiger or nigripes;

postprocoxal membrane and anterodorsal corner of katepisternurn bare;
hypostigmal area and lower portion of mesepirneron usually scaled; lower
mesepimerfl setae present; tibiae and tarsi mostly dark-scaled; tarsal claws
curving evenly beyond middle; costa with patch of pale scaies dorsally
between base and humeral crossvein; remaining wing veins dark-scaled;
abdominal tergites dark-scaled, with each tergite having a basal transverse
band of white scales.

Male: Palpus dark-scaled; setae on apex of third and margins of
fourth palpomere long but relatively sparse, with those on apex of third
palpomere forming no rnore than a slender pencil-like tuft; hypostigmal area
with scales, sometimes with only two or three; scutum more sparsely scaled
than in fernale but coloration and scalins otherwise similar: medioventral
edge of gonocoxite with dense fringe of lorig medioventrally projeci.ing setae;

basal lobe of gonocoxite lobulate, flattenecl front to back, with two long
sinuate posteriorly directed bristles arising from its posterior surface; a long
stout dorsomedially directed bristle arising lrorn gonocoxite at base of basal
iobe; apical lobe well-developed; claspette stem geniculate near base, with

rounded medially directed protuberance
prominent keel on convex side.

at

bend; claspette filament with

tr,arva. Fleacl and body rnedium brown; head setae 5-C and 6-C each
with four to aight branches, most often with tive to seven; prothoracic seta
l-P two-branched; setae 2-P and 3-P subequal in length to seta l-P;
mesothoracic seta 1-M unusually long, equal in length, or nearly so, to a
branch of 1-P, and twice as long as head seta 5-C; seta 3-M only half as long
22"1

as and finer than seta l-M; comb scales about 40-60, with the distal free
portion more pointed than in pionips, each scale no longer than the attached
basal portion, the subapical comb scale teeth fewer and longer; dorsolateral
abdominal seta l-VIII shorter than setae 2-VIII or 5-VIII; pecten teeth
evenly spaced; saddle not encircling anal segment.

In chaetotaxy, the larva of pullatus is similar to that of pionips, with
it coexists in the Yukon Territory, the Rocky Mountains, and in
northern Quebec, but is smaller, has lighter brown pigment, and the
mesothoracic seta l-M is twice as long as 3-M. Larvae of punctor and
hexodontus, which also have the prothoracic setae 1-P, 2-P, and 3-P
subequal in length have a complete saddle in the last instar, minute
mesothoracic setae l-M and 3-M, and far fewer comb scales.
which

Remarks. This species is unusual in having a disjunct range (Map
4l), not only in North America but in Eurasia as well (Gutsevitch et al.
1974). Although no other mosquitoes in North America appear to show
such a disjunct distribution, some other animals and plants are similarly
distributed. We suppose this to be a result of two populations that were
widely separated during glacial times that have not yet rejoined and not an
artifact of insufficient collecting (the west coast of Hudson Bay has been
well collected for mosquitoes, more so than the boreal forest farther south).
We have seen a few specimens of communis, implicatus, and intrudens
that have a patch of hypostigmal scales; any one of these could be easily
misidentified as pullatus. Rempel (1953) described the female scutum as
having a narrow longitudinal middorsal bare line, but this is not characteristic of our material. We doubt that pullatu,.r occurs in Saskatchewan.

Biology. Gjullin et al. (1961) usually found larvae of pullatus in
small, clear, unshaded snowmelt pools in Carex meadows, mostly in tundra.
In central Alaska, larvae of pullatus were found at all elevations up to the
alpine zone (915 m), but were found more often at higher elevations in
association with communis, impiger, punctor, and pionips (Jenkins 1948,
Frohne 1957). It was a late emerging species, similar to pionips; it was still

in the larval stage when communis

and impiger had already emerged
(Frohne 1957). As in all northern species of Aedes, pullqtus overwinters in

the egg stage.

It produces only one generation eachyear.

Details of male swarming behavior at Great Whale River, Que., were

described by Jenkins and Knight (1950). Some individuals patrolled only 15
cm above the tops of large boulders, whereas others formed aggregations of
about 30 males above the hilltops. The latter aggregations remained compact, occupying only a cubic metre, but stationed themselves much higher,
about 3.5 m above ground. Swarrns also formed over the observer's head"
This behavior took place only at dusk, with the males hiding during the day,
in contrast to those of impiger and nigripes, which swarm at midday.

228

Distribution. North America and Eurasia: in mountains and on arctic
tundra, in several disjunct areas; mountains of central Europe, including the
Pyrenees, Alps, Tatras, and Carpathians; the mountains of central Asia,
including the Altai and the Pamirs of eastern Kazakhastan; Alaska to the
mountains of California, east to Alberta and Colorado; also northern
Quebec, Newfoundland, and southern Baffin Island. Records from Saskatchewan (Rempel 1950, 1953) and Michigan (Irwin l94l) are probably
based on misidentified specimens.
Aedes punctor (Kirby)
Plate 42; Figs. I 1, 148, 152, 186; Map 42

Culex punctor Kirby, 1837:309.

Culex implacabilis Walker, I 848:7.
Cu lice I s a auroi de s F elt, 1905 b:449.

Adult. Female: Scutum usually with a middorsal dark brown scaled
stripe (median and submedian stripes combined), sometimes with a pair of
dark brown scaled submedian stripes separated by an indistinct, slightly
paler median stripe; presutural sublateral and lateral areas yellowish brown
scaled; postsutural sublateral stripe dark brown scaled, separated from
submedian stripe by a narrow line of paler scales; probasisternum usually
bare, sometimes with scattered pale scales, but not as extensively covered
with scales as in hexodontus; costa usually dark-scaled at base; otherwise
scarcely distinguishable from aboriginis, abserratus, or hexodontas, with all
of which punctor is sympatric in some part of its Canadian range.

Male: Apparently indistinguishable from aboriginis and hexodontus.
Larva. Head setae 5-C and 6-C each usually single; seta l-P usually
double; setae 2-P and 3-P each single and as long and thick as either branch
of 1-P; comb scales 5-25, usually more than 10, each averaging only 0.08
mm long, shorter than last three or four pecten teeth; terminal spine of each
comb scale usually no longer than oval basal portion; distal pecten teeth
uniformly spaced; saddle completely encircling anal segment; anal papillae

usually less than twice as long as anal segment; upper caudal seta 2-X
branched (unbranched in abserratus) and shorter than seta 3-X.

Remarks. Although most abserratus females have the scutum
unstriped or with a faint middorsal stripe or sublateral stripes, and most
punctor females have a pronounced middorsal stripe, some specimens cannot
be identified with certainty without reference to the larval skin. Female
hexodontus, at least those in the subarctic, typically have an unstriped
scutum and a patch of white scales at the base of the costa. Those from the
mountains are even more like punctor, having a similar dark-scaled midlon-

gitudinal stripe on the scutum. If such females have a heavily scaled
probasisternum, they may tentatively be considered hexodonlus, or a bare
probasisternum, punctor, but many specimens are doubtful.
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Map

42.

Collection localities for Aedes punctor

in

Canada:

r

specimens we

examined, A literature records.

Larvae of punctor and hexodontus cannot be reliably distinguished by
the number of comb scales, but only by the length of the comb scales
(Vockeroth 1954, Kalpage and Brust 1968). An earlier reliance on the
number of comb scales apparently led to the belief that there were two
forms of punctor, the normal type and a "tundra" variety (Knight 1951).
The latter has since been shown to be hexodontus (Wood 1977). The two
species are apparently distinct in northern Canada, but their relationship in
British columbia needs further study" In Alaska the identity of punctor is
further complicated by the presence of punctodes Dyat, a salt-marsh species
said to be distinguishable from punctor only in the larval stage' Aedes
punctodes has not been collected in Canada but it can be expected in British
Columbia. Aedes aboriginis is also present in coastal British Columbia, and
the separation of punctor from these other three species in British Columbia
seems hardly possible at present. Curiously, punctor is present only in
northern Washington and Idaho (Gjullin and Eddy 1972), and earlier
records of the species from Utah have been changed to hexodonlas (Nielsen
and Rees 1959).

Biotogy. Hatching in early spring before the ice has disappeared, the
larvae of punctar develop rapidly and are among the first species to pupate.
Aedes communis and punctor are the two most common mosquitoes of the
boreal forest (Rempel 1953, Gjullin et aL 196l, Pickavance et al' 1970,
Maire and Aubin 1976), occurring from coast to coast. Unlike communis,
however, the distribution of punctor is practically confined to the boreal
forest, and it seldom occurs south of it, nor does it range out onto the tundra
(Jenkins and Knight 1950). In the Ottawa area, punctor is much less
231

common than communis and its larvae have been collected consistently only
in coniferous forest pools, usually surrounding sphagnum bogs, where they
were associated with absetatus and early instars of cinereus. Several
authors have remarked on its association with acidic water (Barr 1958,
Jenkins and Knight 1950). At Goose Bay, Nfld., Haufe (1952) found
punctor larvae most often in open grassy pools in clearings surrounded by
willows. In Alaska, both sphagnum bogs and grassy marshes were habitats
for punctor (Gjullin et al. 1961); this species accounted for at least 39% of
all mosquitoes captured there (Sommerman 1977).

Hocking et al. (1950) described a male swarm of punctor, associated
with communis, that appeared in the evening as a dark cloud over a railway
track at Churchill, Man., and extended as far as the eye could see, even
following the track around a curve. At Moose Factory, Ont., aggregations of
male punctor formed over a road bordered by spruce trees. The swarms
moved back and forth and became more compact as the wind increased
(Jenkins and Knight 1952). Between 25 and 150 matings/min were
observed in several immense swarms of several thousand male punctor in a
forest glade in Alaska in mid-June (Frohne and Frohne 1952). Mating was
most often observed at the beginning of the swarming season and less often
as the summer passed.

Distribution. North America and Eurasia: northern Europe

and

Crimea east across Siberia to Alaska, south to British Columbia and the
mountains of Colorado. then east to Newfoundland and New York.

Aedes rempeli Vockeroth
Plate 43; Figs. 106, 143;Map 43

Aedes rempeli Vockeroth, 1954a:112.

Adult. Female: Integument of head and body dark brown; proboscis
and palpus dark-scaled, with the palpus usually having scattered pale scales;
pedicel dark brown, concolorous with clypeus; scales of pedicel mostly pale,
only on ventromedial surface, but sometimes lacking; recumbent scales of
vertex mostly pale, erect forked scales dark; thorax sparsely scaled, with
indefinite pattern of two rather prominent middorsocentral spots of white
scales and a line of white scales connecting this spot to edge of scutum above
spiracle; median band yellowish; submedian band with sparse dark brown
scales; lateral area basically yellowish scaled, enclosing an area of brown
scales on scutal fossa; postprocoxal membrane and hypostigmal area bare;
scales of katepisternum reduced to posterodorsal and posteroventral patches;
mesepimeron without scales on basal third; lower mesepimeral bristles
present; tibiae, tarsi, and wing veins dark-scaled, except for small palescaled patch at extreme base of costa; abdominal tergites dark-scaled, each
with narrow basal transverse pale-scaled band"
232
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Map 43. Collection localities for Aedes rempeli in Canada: o specimens

we

examined.

Male:

Palpus dark-scaled; apex of third and median and lateral edges
setae, but with few setae;
gonocoxite with long finger-like setose basal lobe lacking an enlarged basal
bristle; apex of gonocoxite tapering, with the apical lobe small and arising
close to base of gonostylus; claspette filament rather straight, with abruptly
curved apex and low keel on posterior edge.

of fourth palpomere with usual fringe of long

Females of rempeli could be easily mistaken for those of pullatus,
which usually have a distinct group of hypostigmal scales and a more
strongly curved tarsal claw. These two species occur sympatrically across
north central Quebec and possibly also in parts of northern Saskatchewan,
Alberta, and adjacent Northwest Territories.

Larva" Head setae 5-C and 6-C each single; prothoracic seta l-P
usually single, twice as long as seta 5-C; setae 2-P and 3-P one-half to
two-thirds as long as seta l-P but finer; mesothoracic seta l-M as long as

head seta 5-C; dorsoiateral setae (series l) present on abdominal segments
II to VII, but lacking on VI; comb scales 30-45, each fringed with subequal
spinules; pecten teeth evenly spaced; saddle completely encircling anal
segment.

No other species has elongate dorsolateral setae on segments III to VII
VI. Larvae of rernpeli might be mistaken for punctor because of
the encircling saddle, but setae 2-P and 3-P are not as long or as thick as

except for

l-P, seta l-M is elongate, and the comb scales are more numerous and lack
an elongate apical spine.
234

Biology. The larva of rempeli was first collected from an unshaded
rock crevice pool, 300 x 90 x 30 cm deep, at Great Whale River' Que., in
association with communis and impiger. Two rempeli larvae were also
coliected at Padlei, NWT, in a much larger semipermanent pool, again
associated with these two species plus nigripes. The same association of
species, including larger numberc of rempeli larvae, was found in similar
deep rock crevice pools at Baker Lake, NWT (Smith and Brust 1970).
These pools were almost without emergent or aquatic vegetation except for
an encrusting alga that grew on the underwater rock surfaces. Fissures in
the bottom were about I m deep or slightly deeper; therefore water in the

pool remained in contact with the underlying permafrost. Hatching of
rempeli eggs was delayed until mid-June because of so much ice and snow
among the boulders. Larval development was slow, occurring during most of
July 1968, when the water temperature never rose above 6.1"C (mean
3.7'C). Of the four species of larvae present, rempeli was the last to
develop. In late summer, after rempeli had emerged, the water in these
habitats disappeared quickly as a result of thawing in the deeper layers'

Baker Lake, all 70 reared adult females of rempeli developed their
ovaries without a blood meal, that is, they were autogenous (Smith and
Brust 1970). They emerged with the ovarian follicles in an undifferentiated
state, but with an extensive nutrient reserve in the form of larval abdominal
musculature. At 15-20"C, they completed ovarian development. Dissections
of 37 adult females showed l5-39 eggs (mean 25.8). When offered moist
paper as an oviposition substrate, eggs were freely deposited. Some_ females
*ele even capible of completing ovarian development when denied a
carbohydrate source.

At

Aedes rempeli may be widely but sparsely distributed in the boreal
forest of northern Manitoba, Ontario, and Quebec. Some evidence suggests
that females in this region may seek blood, perhaps only in the second or
third gonadotrophic cycles, but because they are outnumbered by other
mosquitoes, are rarely noticed. The single female that was collected by one
of ui (n.U.W.) in Algonquin Park, Ont., in a cedar swamp containing
many deep, cold, water-filled crevices was among other mosquitoes coming
to bite. The material from Indian House Lake, Que., and Laniel, Que.,
consists of a series of 14 females and 3 females, respectively, without
associated males or any other evidence that they had been reared. However,
the specimens are undamaged, and are not likely to have been collected by
sweeping. The dales of collection af e late, 27 .vll.l954 and 1O"vIII.l954 for
Indian House Lake and 30.Vlll.l932 for Laniel. These last specimens,
which were recently found among unidentified material, are undoubtedly
the first examples of the species ever collected.

Distribution. North America and Asia: Northwest Territories and
north central Quebec south to central Ontario; eastern Kazakhastan (Altai
Mountains) and eastern Siberia (Yakutia).
235

Aedes riparius Dyar & Knab
Plates 9, 44; Figs. 82,90, 121; Map 44

Aedes riparius Dyar and Knab, 1907 b:213.

Adult. Female: Integument

pale reddish brown; proboscis predomi-

nantly dark-scaled at base and apex, mostly pa,le-scaled on middle third or
more; palpus dark-scaled with spot or band of pale scales at base of each
palpomere; scales of pedicel few, mixed pale and dark; upper half of
postpronotum, median and submedian stripes of scutum, a spot in presutural

sublateral area, a short postsutural sublateral stripe, and a spot above
paratergite orange-scaled; occiput, antepronotum, lower third of postpronotum, and most of presutural sublateral and lateral areas yellowishscaled; hypostigmal area often with scales; postprocoxal membrane and
anterodorsal corner of katepisternum with pale scales; lower third of mesepimeron and mesomeron bare; lower mesepimeral setae absent; tibiae and
first and usually second tarsomeres with scattered pale and dark scales; all
tarsomeres except last on fore- and mid-legs each with basal pale-scaled
ring; tarsal claw long, moderately and evenly curved, that of foreleg half
again as long as claw of hind leg; subbasal tooth short, directed ventrally,
enclosing an angle of 45" or more with remainder of claw (Fig. 90); wing
veins predominantly dark-scaled, with scattered pale scales; abdominal
tergites each with well-defined but narrow basal transverse band of pale
scales and a slightly broader apical transverse band containing many pale
scales in addition to dark scales.

Male: Proboscis and palpus extensively pale-scaled; base of third
palpomere especially pale, somewhat translucent; apex of third palpomere
and fourth and

fifth

palpomeres densely fringed

with long setae that

are

yellowish basally and darker apically; middorsal stripe of scutum reddish
brown scaled rather than orange scaled; gonocoxite with a long, pointed,
finger-like basal lobe and an enlarged medially directed seta arising at its
base; claspette filament short, with broad keel on convex side extending

from base to apex.

Larva. Head setae 5-C and 6-C double or sometimes triple; lower
lateral seta 7-II more than half as long as 6-II (much shorter in flavescens);
ventrolateral setae (series 13) on abdominal segments III to V single, as
long as corresponding upper lateral setae; dorsolateral setae (series l)
insignificant on all segments; comb scales fewer than 10, each rather large
and darkly pigmented, with long apical spine; distal pecten teeth more
widely and unevenly spaced than proximal teeth; last pecten tooth arising
before midlength of siphon; siphonal seta l-S arising just beyond middle,
but before apical third of siphon; seta 9-S on ventrolateral apical flap of
siphon not enlarged or hook-like; four or more precratal setae; anal papillae
pigmented, about as long as saddle"
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Map 44. Collection localities for Aedes riparius in Canada:

I

specimens we

examined. A literature records.

Biology. This

species is uncommon

to rare over most of its range. It

has been reported as common only in a few localities in Saskatchewan and

Alberta (Rempel 1950, Happold 1965a, Graham 1969b). Unfortunately
these and other references to riparius probably included specimens of
euedes, which was not recognized as a separate widespread species until
recentiy. Its life cycle is similar to that of euedes, excrucians, and fitchii,

and the larvae of riparius have been occasionally collected with one or more
of these species in the Ottawa area.

Distribution. North America and Eurasia: Europe and Siberia east to
Alaska, south to Colorado, and east to Nova Scotia and New York.
Aedes schizopinax Dyar
Plate 45: Map 45

Aedes schizopinax Dyar, 1929:1.

Adult. Female:

Integument dark brown; dorsal surface of proboscis

dark-scaled, occasionally with a few scattered pale scales; ventral surface of
proboscis mostly pale-scaled except f,or some dark scales near apex; palpus
dark-scaled usually with some scattered pale scales; pedicel and first flagellomere mostly pale-scaled; vertex with pale brownish scales, paler middorsally and on ventral half; antepronotum and postpronotum mostly palescaled, with a few darker sand-colored scales dorsally; lower edge of cervical
sclerite and membrane below it with a few pale scales; probasisternum,
proepisternum, procoxa, and anteprocoxal and postprocoxal membranes
almost entirely covered with pale whitish scales; scales of scutum uniformly
sand-colored, paling to whitish laterally and around prescutellar depression;
scales of narrow submedian stripe concolorous with, though narrower than,
adjacent scales (as in many abserratus and intrudens) and thus appearing
238
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Map

45.

Collection localities for Aedes schizopinax in Canada: o specimens we

examined.

darker because of greater exposure of dark brown integument; subspiracular

and postspiracular areas pale-scaled; katepisternum scaled dorsally to
anterodorsal corner, even with a few scattered pale scales on normally bare
anteroventral area; mesepimeron scaled to lower margin; mesepimeral setae
present; tibiae mostly dark-scaled dorsally with scattered pale scales, mostly
pale-scaled ventrally; tibiae dark-scaled; tarsal claws moderately and evenly
curved, with small subbasal tooth; wing veins dark-scaled except for a small
patch of pale scales and a few scattered scales beyond this patch at base of
each major vein except Cu; abdominal tergites each dark-scaled, with
transverse basal band of white scales.

Male: Proboscis mostly dark-scaled, with a few scattered pale scales
both above and below; palpus about as long as proboscis; second and third
palpomeres extensively pale-scaled; apex of third palpomere and fourth and
fifth palpomeres dark-scaled, with medioventral patches of dense, long,

black setae; precoxal bridge and anteprocoxal membrane below it with pale
scales, but probasisternum bare; mesothorax with coloration and arrange-

ment of scaling as in female; terminalia scarcely distinguishable from
aboriginis, hexodontus, or punctor; claspette stem said to be pilose to near
apex, unlike that in the three other species (Carpenter and LaCasse 1955).

Larva. Head seta 5-C two- to four-branched; prothoracic setae 2-P
and 3-P as long and as thick as any branch of seta l-P (typical of all species
in the punctor subgroup); mesothoracic seta l-M with three or four
branches, as long and as thick as head seta 5-C; dorsolateral abdominal
setae l-IV to I-VII of segments IV to VII usually double or triple, each
branch as long and thick as a branch of upper lateral seta of its respective
segment; pecten teeth uniformly spaced; saddle not completely encircling
anal segment.
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No other species in Canada, except dorsalis and campeslns, has the
mesothoracic seta l-M multiple; dorsalis has the head seta 5-C single
(rarely one side double) and both dorsalis and campestris have shorter
dorsolateral abdominal setae and much shorter and finer prothoracic setae
2-P and 3-P. Aedes aboriginis, which is much like schizopinax, has an
unbranched mesothoracic seta 1-M.

Biology. Aedes schizopinax has only recently been discovered in
Canada (Enfield 1977). The species has seldom been collected and little is
known of its habits.
Distribution. Western North America, from Alberta to California
and Wyoming.
Aed es slerrensis (Lud low)
Plate 46; Figs. 70, 114; Map 46
T ae ni or hy nc hus s i e r r e ns is Lud low, 1 90 5 a:23 | .
Aedes varipa,|przs, authors before 1957, not Coquillett.

Adult. Fem:rle: Integument medium brown; proboscis and palpus
dark-scaled; all parlpomeres except the first one with an apical ring of white
scales; scales of s,cutum forming complex pattern of pale yellow and dark
brown lines and spots; median and sublateral stripes anterior to suture pale,
separated by narrow dark line; lateral stripes, transverse suture, postsutural
dorsocentral stripe, and perimeter of prescutellar depression pale-scaled,
with the remaind,rr dark-scaled; postprocoxal membrane and hypostigmal
area bare; scales c,f katepisternum and mesepimeron reduced to two patches
each; lower mesepimeral setae absent; legs dark-scaled except for whitescaled bases and apices of each segment; basal and apical white rings of first
tarsomeres subequal, those of remaining tarsomeres four or more times
wider apically than basally; last hind tarsomere entirely white-scaled; hind
tarsal claws lackirrg subbasal tooth; wing veins entirely dark-scaled except
for white patch al base of costa; abdominal tergites dark-scaled, each with
lateral and middonsal basal triangle of white scales; cercus pointed apically,
but shorter and broader than in most Aedes except atropalpus and togoi.

Male: Palpus about as long as proboscis, dark-scaled except as
follows: first palpon:rere entirely white-scaled, second entirely dark-scaled,
third with apical ring of white scales, fburth with basal and apical white
rings, fifth with basal white ring only; long setae reduced to a few on lateral
and medial surfacos of fourth palpomere; scutum predominantly pale-scaled;
fore- and mid-legs dark-scaled except for a few white scales at base and
apex of tibia and first tarsomere; hind leg as in female except that basal

white rings on sr:cond to fourth tarsomeres greatly reduced, appearing
absent; hind tarsarl claws, as in female, lacking subbasal tooth; basal lobe of
gonocoxite with clense tuft of long, thick, pale brown setae; apical lobe
lacking; claspette I'ilament narrow, unkeeled, tusk-like.
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Aedes sterrensts

Map 46. Collection localities for Aedes sierrensis in Canada: o specimens we
examined,

a literature records.

Larva. Antenna smooth; antennal seta l-A unbranched; head seta
4-C rather prominent, as in hendersoni and triseriatus; seta 5-C single; seta
6-C usually branched; prothoracic setae all rather short and fine; dorsolateral abdominal setae (series l) typically double; abdominal setae of series 4
usually stellately three-branched; upper lateral seta usually two- or threebranched; comb scales 12-28, each with long finger-like process fringed
with minute spinules; acus not separate from siphon (separate in hendersoni); pecten teeth few, small, confined to basal third or less of siphon;
saddle in profile narrower anteriorly than posteriorly, though not as strongly
truncated anteroventrally as in hendersoni; saddle seta l-S branched; anal
papillae subequal in length, each twice as long or longer than anal segment,
broadly rounded apically as in hendersoni.
Remarks. References to this species before 1956 are under the name
varipalpus (Coquillett) (Hearle 1927a, Rempel 1950). Belkin and McDonald (1956, 1957) showed that the name varipalpus properly belonged to a
species restricted to a small part of the southwestern USA and that the
widespread coastal species was sienensis.

The subgeneric placement of sierrensis is unclear at present. Carpenter
and LaCasse (1955) placed sierrensis in the subgenus Finlaya. Belkin and
McDonald (1957) transferred it to Ochlerotatus (under the name varipalpzs). Rohlf (1963) and Cupp and Horsfall (1969) restored it to Finlaya on
the basis of shared morphological, behavioral, and cytochemical characters,
as well as parasitic affinities. Finally zavortink (1972) transferred it back to
Ochlerotatus. We suspect sietensis may belong in Protomacleaya, a possibility not explored by the authors mentioned above. The larva of sietensis
lacks most of the stellate body setae that are characteristic of Protomacleaya, but like them it has a smooth antenna; a single (occasionally double)
antennal seta l-A; head seta 4-C rather prominent; head seta 6-C with more
z+J

branches than 5-C; the comb scales having a long flat finger-like apical
portion fringed with closely set, minute, equal spinules; and the saddle hair
l-S branched. The saddle is triangular, and the anal papillae are long and
sausage-like as in hendersoni, but the acus is fused to the siphon, as in
triseriatus. The comb scales of all three species are similar and unlike those
of other species of Ochlerotatus. The adult female is also peculiar in having
untoothed hind claws and short rounded cerci,

Biology. Aedes sierrensis is the only treehole mosquito known from
western British Columbia. In central and eastern British Columbia, it may

be accompanied by hendersoni. According to Hearle (1926) it overwinters
in the egg stage in British Columbia, but larvae may be found during the
winter in Oregon (Gjullin and Eddy 1972) and possibly also in southern
British Columbia. Although typically an inhabitant of tree holes, larvae of
sierensis have also been collected in hollow stumps and various artificial
containers, including tires, in wooded locations.

The males do not swarm; they are attracted to the host, as in the male
of diantaeus. When a female approaches, the male may intercept her and
either mate with her in the air (Carpenter and LaCasse 1955) or while she is
engorging (Hearle I 926).

The species is usually uncommon and of little importance as a pest or
vector.

Distribution. Western North America, from the Queen Charlotte
Islands, B.C., south to California.
Aed es so

II

icit an s (Walker)

Plate 4'7; Figs. 73, 8l; Map 47

Culex sollicitans W alker,

18 56:421

.

Adult. Female: Proboscis always with well-defined white-scaled ring
encircling as much as middle third; palpus dark-scaled except for palescaled apex; postpronotum bare except for narrow band of yellowish brown
scales along posterodorsal margin concolorous with those on adjacent
scutum and a small patch of white scales on ventral corner; scutum with
weakly defined darker middorsal stripe or none, in which case the scales of

scutum palest medially, gradually becoming darker laterally; first tarsomeres each with basal band of white scales and well-defined middle band
of yellowish scales, alternating with bands of predominantly dark scales
(Fig. 73 in key to females); abdominal tergites each with lateral patch of
white scales, contrasting with transverse basal and midlongitudinal bands of
yellowish scales; otherwise as in nigromaculis.

Male:

Postpronotum bare except for narrow band of yellowish brown

scales along dorsal margin and patch of white scales in ventral corner;
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Collection localities for Aedes sollicitans in Canada:

.

specimens we

examined, A literature records.

hind tarsomere with well-defined middle yellow-scaled ring; otherwise as in
nigromaculis.

Larva. Head setae 5-C and 6-C each single; prothoracic seta l-P

single; setae 2-P and 3-P weak: mesothoracic seta l-M minute; pecten teeth
evenly spaced, each tooth with only one subbasal tooth, occasionally with a
second smaller tooth; siphonal seta l-S about as long as apical diameter of

siphon; saddle completely encircling anal segment in last instar (though
poorly sclerotized and difficult to discern); anal papillae minute, much
shorter than saddle in our material (although some authors have reported
longer papillae).

Biology. Until recently discovered in a brine dump at Sarnia, in
southwestern Ont. (Helson et al. 1978), sollicitans was known in Canada
only from the Maritime Provinces, where it breeds in coastal salt marshes.
In the USA it ranges widely inland, wherever saline conditions occur. It is
especially numerous and troublesome in coastal areas, and as a result is one
of the most infamous species in North America.
Aedes sollicitans overwinters in the egg stage and hatches in early
summer when it has been flooded with suitably warm water. There are
probably several generations each summer in Canada; 5-8 broods have been
recorded in New Jersey (Headlee 1945). Eggs are laid on the moist mud of
salt-marsh pools, between the prevailing waterline and the level of maximum inundation (Knight and Baker 1962). Oviposition sites have 1644
ppm or more of soluble salt content compared to 1000 ppm or less in
freshwater (Knight 1965). Eggs hatch within minutes of being flooded, and
larvae mature within a week of hatching (Britton 1912, Headlee 1945).
Lawae are tolerant of salinity and pollution (Chapman 1959) and often
develop in the discharge from coal mines or gas wells (Peterson and Smith
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1945). They have also been collected in freshwater in association with Aedes
vexans and Psorophoru spp. (Breeland et al. l96l). However, larvae are not

found

in

seawater that has

a salinity of

19

000 ppm of chloride or that

contains predatory fish, but they are found in tide pools that form above the
usual high tide line from flooding by spring tides and rain. Because of the
perpetually high water table, even moderate summer rains may be enough to
flood the eggs.
Females of sollicitans are capable of flying great distances. Carpenter
and LaCasse (1955) mention the collection of females in light traps 160 km
from their breeding sites. This capacity for dispersal has undoubtedly aided
their exploitation of man-made saline habits away from the coast, such as

the brine dump at Sarnia, Ont., from which the nearest known breeding
place is in Ohio, much farther south. They are aggressive biters, attacking in
full sun and in strong wind. They rest in the grass during the day and
approach directly, attacking the legs. They do not enter houses (Headlee
1945). In Kansas, their blood meals were entirely of mammalian origin
(Edman and Downe 1964).

Distribution. Atlantic Coast of North America, from New Brunswick
to Texas and the West Indies. and in isolated inland stations west to North
Dakota and Arizona.
Aed es s pence

r

i

i (Theobald)

Plate 48; Figs. 146, 165,16'7,171; Map 48

Culex spencerir Theobald l90lb:99.
Grabhamia spencerii var. idahoensis Theobald 1903a:250.

Adult. Female: Integument medium brown; proboscis dark-scaled;
palpus usually with scattered pale scales; pedicel almost completely encircled with pale scales; upper half of antepronotum and of postpronotum and
middorsal stripe of scutum reddish brown scaled; occiput and sublateral and
lateral stripes of scutum pale yellowish; postprocoxal membrane, anterodorsal corner of katepisternum, and all of mesepimeron with pale scales; lower
mesepimeral setae absent; legs predominantly pale-scaled, even on basal
tarsomeres, with scattered dark scales; distal tarsomeres mostly dark-scaled
on dorsal surfaces; tarsal claws moderately and uniformly curved with small
subbasal tooth; wing veins mostly pale-scaled, except for apical portions of
costa, Rr, Ro*r, and all of Cu; abdominal tergites extensively and sometimes
almost entirely pale-scaled, but when dark scales present, forming paired
lateral spots only. Some specimens from southern Alberta and central
British Columbia have the tergites dark-scaled, each with typical basal
transverse white-scaled band. This variant has been named idahoensis.
Some females, perhaps bleached by the sun, are entirely pale-scaled, lacking
the usual brown-scaled areas.
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Collection localities for Aedes spencerii
literature records.

I

in

Canada:

.

specimens we

Mele: Much darker and more sparsely scaled than female; palpus
about as long as proboscis, dark-scaled except for a few scattered pale
scales; apex of third and fourth palpomeres fringed with long dark setae;
scutum pale-scaled, with the middorsal stripe indistinct (and usually denuded); legs and abdomen predominantly dark-scaled; gonocoxite with strongly
enlarged medially directed seta arising dorsal to basal lobe; basal lobe well
developed, with strongly constricted base and large quadrate setose surface;
apical lobe prominent, arising from near mid length of gonocoxite, subcircular with slightly constricted base; claspette filament with prominent keel on
convex side and low keel on concave side, which does not extend to base of
filament.

Larva. A pale medium-sized rather nondescript species, quite similar
to sticticus except for unevenly spaced pecten teeth; head setae 5-C and 6-C
single (rarely double); prothoracic setae l-P and 5-P single; setae 8-P and
l0-P extremely short, about one-fifth as long as seta 7-P; mesothoracic setae
l-M and 3-M minute; thorax and abdomen clothed with minute, dark, blunt
spicules that extend perpendicular to the integument and can only be
observed from the side, such as along the edge of the thorax or along a fold
in the integument, with the most conspicuous setulae in a transverse band
across the middle of the mesothorax, which though visible at 40x magnification under a dissecting microscope may easily be overlooked; distal pecten
teeth more widely and unevenly spaced than basal teeth; each pecten tooth
with only one basal tooth; siphonal seta 1-S about as long as apical diameter
of siphon; in last instar saddle extending ventrally, almost to bases of ventral
tuft (4-X).

Remarks. The status of idahoensis has not been satisfactorily
resolved. A few females in the Canadian National Collection have the
characteristic abdominal pattern of idahoensis, but there are no males or
larvae in the collection. According to Carpenter and LaCasse (1955), larvae
of idahoensis have more comb scales (13-29 instead of 7-13 as in spencerii), and each scale has a less pronounced apical spine. Males of the two
species were not separated. Nielsen and Rees (1959) found "almost every
degree of variation" between the typical female abdominal pattern of
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idahoensis and that of spencerii in Utah, Montana, and Wyoming. Further-

more, they cited three other authors who described similar variations in
spencerii. They concluded that idahoensis was e more southerly subspecies
of spencerii and that a zone of integration occurred in the three states
previously mentioned. Until some detailed biological or genetical studies can
resolve the status of idahoensis. we have no choice but to consider it a
synonym of spencerii.

Biology. This species overwinters in the egg stage. It is the earliest
species to appear in spring. Larvae are found in ditches and snowmelt pools
throughout the Prairie Provinces, even when the water is standing over
ground that is still frozen (Barr 1958). The species is unusual in that, in
spite of its early appearance, it is not univoltine. More than half (587o) of
the eggs laid by this species were nondiapausing, hatching after 2 wk at

room temperature (Brust 1968). Thus, the species may reappear as a
smaller second or even third brood during the summer (Rempel 1953).
Because of its ubiquitous occurrence, it is considered the worst of the pests
in spring in the Prairie Provinces (Knab 1908, Mclintock 1944, Rempel
1953). The larva is capable of developing rapidly at low temperatures. In the

Ottawa area, spencerii was collected as a pupa in mid-April, when other
species af Aedes in the same pool were only half-grown larvae. For this
reason, it has probably been overlooked in other parts of southern Ontario
and Quebec. Hocking et al. (1950) reported a similar finding at Churchill,
Man., where three adults were collected at the end of May before any other
species had reached the pupal stage. Because strong winds had been blowing
continuously from the south, he concluded that the three adults may have
been blown from farther south. Larvae of spencerii have not been collected
at Churchill. The species is uncommon in predominantly forested areas
(Happold 1965a, Graham 1969b, Rempel 1953).
Females are most active

for

several hours before sunset and after

sunrise (Burgess and Haufe 1960). However, they can be annoying throughout the day, especially on hot sunny afternoons (Rempel 1953). They readily
invade cities and towns, often traveling several miles to do so. Owen (1937)
believed that the species was diurnal only.

Males swarm at midday (Knab 1908), which is unusual for a nonarctic
species. Swarms formed over the highest point on the prairie, which at times

was the observer's head. Swarming males faced into the wind and then
dropped down into the grass when the wind velocity became too great. Knab
(1908) found that the swarms accompanied him over the prairie. He was
able to observe and describe pairing within the swarm. He also found males

probing willow catkins. Brust (personal communication) also observed
swarming in the evening, just after sunset, at Winnipeg, Man.

Distribution. North America, from southern British Columbia and
Washington State east to eastern Ontario and Nebraska.
250

Aed es

sticticus (Meigen)

Plate 49; Figs. 145,

147

,

190; MaP 49

Culex sticticzs Meigen, 1838:1.
Culex hirsuteron Theobald, 1901 b:98.
Culex pretanr Grossbeck, 1904b:332.
Cule x ae s t iv ali s Dy ar, 1904b:245.
Aedes aldrichi Dyar and Knab, 1908:57.
Aedes gonimus Dyar and Knab, 1918:165'
Aede s vinnipe gens i s

Dyar,

19 19 b'.3 4.

Aedes lateralis, authors, not Meigen'

Adult. Female: Integument medium brown; proboscis and palpus
dark-scaled; pedicel pale-scaled on median half; upper two-thirds of postpronotum and middoisal stripe (median and submedian stripes combined) of
scutum reddish brown; vertex, antepronotum, lower third of postpronotum,
and sublateral and lateral stripes of scutum mostly pale yellowish scaled;
presutural sublateral area often with patch of reddish brown scales; postiutural sublateral stripe reddish brown; postprocoxal membrane, hypostigmal area, and lower qua.t"r of mesepimeron bare; anterodprsal corner of
katepisternum with pale scales; mesepimeral setae absent; tibiae and tarsi
mostly pale-scaled ventrally, dark-scaled dorsally, with last_ tarsomeres
mostly dark; tarsal claws small, moderately and evenly curved, each with
small subbasal tooth; wing veins dark-scaled, except for some pale scales on
posterior'edge of upper iurface of costa; abdominal tergites dark-scaled,
each with basal transverse band of white scales.
Male: Integument darker and scales sparser than in female; palpus
longer than proboscis, dark, with a few scattered pale scales dorsally; apex
of ihlrO palpbmere and fourth and fifth palpomeres with the usual fringes of
long dark setae; terminalia similar to those of spencerii except that apical
lobe wider at base than its distance from base of gonostylus.
Larva. Similar to spencerii except that head setae 5-C and 6-C are
usually branched, the integumental spicules on the thorax and abdomen are
lacking, and the pecten teeth are uniformly spaced. In our material, the anal
papillie are twice as long as the anal segment, and the comb scales are
r-itter and more numerous than in spencerii, their subapical spinules being
virtually absent.

Biology: Aedes sticticus is primarily a floodwater mosquito, associated with bottomlands and floodplains of large rivers. Eggs remain viable for
at least 5 years (Cook et al.1974) and perhaps much longer. Consequently a
season or two may pass when the species does not appear at all (Gibson
1933). Eggs may hatch anytime during late spring or summer, but usually

they hatch in late spring immediately after spring flooding (Gibson 1926,
Heirle 1926, Cook et al. 1974). Low water temperatures do not elicit
hatching (Siverly and DeFoliart 1968a). Summer generations may result
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from heavy rains, which may flood a large area and create many temporary
pools or raise the river level sufficiently to flood the eggs' However,
excessive flooding may wash the larvae downstream (Twinn 1931). Brust
(personal communication) has recently found that more than 25Vo of the
eggs laid in midsummer were nondiapausing and would hatch without cold
treatment.

Although females can bite during the day, they are most troublesome in
the evening (Hearle lg26,McLintock 1944).In some years, large numbers
have appeared suddenly, especially in the lower Fraser Valley, B.C' (Hearle
1926, under the name A. aldrichi), and in the Ottawa area (Twinn 1929, as
A. hirsuteron). Populations of sticticus are almost always associated with A.
vexans. However, the converse is seldom true because vexans usually
develops in summer rainpools after local flooding, whereas sticticus requires
extensive flooding, which only follows widespread excessive precipitation.

Distribution. North America and Eurasia: western Europe, north to
Finland and Karelia, south to Yugoslavia, Ukraine, and northern Caucasus,
east across Siberia to Khabarovsk and Japan; British Columbia and California, east to Newfoundland (Labrador) and Florida.
Aed es st i m u I an s (Walker)
Plates 9,50; Figs.86,89,122,193, 195;Map 50

Culex stimulans Walker, 1848:4.
Culicada subcantans Felt, 1905b:47 4.
Aedes stimulans ssp. classicus Dyar, 1920b:113.
Aedes stimulans ssp. mississippi Dyar, l92ob:113.

Adult. Female: Integument medium brown or reddish

brown;

proboscis dark-scaled apically, with pale scales increasingly numerous
toward base; palpus with mixed dark and pale scales, the pale scales
concentrated at bases of third and fourth palpomeres; scales of pedicel few,
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Collection localities for Aedes stimulans in Canada: . specimens we
records, A literature records based on probably misidentified

a literature

specimens.

mostly dark, confined to median surface, usually absent from dorsomedian
area; upper two-thirds of postpronotum and all of scutum with reddish
brown scales except for pale-scaled dorsocentral line, lateral stripe, and
prescutellar area; postprocoxal membrane and anterodorsal corner of katepisternum pale-scaled; hypostigmal area and lower third of mesepimeron
bare; lower mesepimeral setae present; mesomeron usually with a small
group of scales in posterodorsal corner; tibiae mostly pale-scaled except for
scattered dark scales dorsally; tarsomeres each with broad basal ring of
white scales except last tarsomere on fore- and mid-legs; tarsal claw
somewhat bent beyond middle as in euedes, but not so strongly bent as in
excrucians, with the portion beyond the bend slightly swollen and the apex

more abruptly tapered and slightly curved ventrally as

in

excrucians;

subbasal tooth moderately long; wing veins mostly dark, but with many
scattered pale scales; abdominal tergites dark-scaled, each with transverse
basal white-scaled band: first abdominal sternite bare or occasionally with a
few pale hairs laterally; cercus dark-scaled.

Male: Integument medium brown, darker than that of female; palpus
longer than proboscis by about half length of last palpomere; second to
fourth palpomeres extensively pale-scaled above, especially basally; apex of
third palpomere and medial and lateral edges of fourth palpomere with long
dark setae, of which a few have paler yellowish bases; scutum with distinct
middorsal stripe of reddish brown scales; scales of sublateral area pale
yellowish; coloration and scaling darker and sparser, but otherwise as in
female; basal lobe of gonocoxite with prominent, enlarged, medially directed
bristle overlapping midline but not extending to base of opposite bristle, thus

not as long as that of mercurator; apical lobe of gonocoxite long, extending
distally to base of gonostylus; claspette filament long, with cylindrical base,
the keel on concave surface arising near middle of claspette.

Larva. Head capsule of last instar yellowish brown (dark brown in
implicatus); apotome with scarcely any pattern; head seta 5-C usually
two-branched, often single, rarely triple; seta 6-C single; prothoracic setae
2-P and 3-P less than two-thirds as long as seta l-P; seta 8-P minute; seta
255

10-P about two-thirds as long as a branch of 7-P; mesothoracic seta l-M
minute; dorsolateral abdominal setae 1-IV and l-V shorter than l-VII and
less than two-thirds as long as upper lateral setae 6-IV and 6-V; each comb
scale fringed with subapical setae; pecten teeth evenly spaced, each with
several basal teeth decreasing in size basally; saddle not encircling anal
segment in last instar, with the spinules along its posterior edge conspicuously projecting beyond the edge, visible under 40x stereomagnification; anal
papillae unpigmented, equal in length, and almost as long as anal segment.

Remarks. Wood (1977) has shown that past records of stimulans
from western and northern Canada refer to a different species, mercurator,
and that stimulans is restricted to southern Manitoba and southeastern
Canada. The western and northern limits of stimulans are unknown,
although it could coexist with mercurator in western Manitoba and southern
Saskatchewan. Unlike mercurator, which is generally uncommon, stimulans
is one of the most abundant species of Aedes, especially in southern Ontario.

Biology. This species overwinters in the egg stage. The larvae of
stimulans develop, often in huge numbers, on wooded floodplains inundated
by snowmelt and spring runoff, especially near the edges of lakes and large
swamps where silver maple, Acer saccharinum, is the dominant tree species.
Such habitats, because they are at lake level, drain slowly as water levels
recede, thus providing a reliable water supply. Eventually the water disappears, but the ground stays damp and becomes choked with sedges and ferns
by midsummer. The maple canopy provides heavy shade by the time the
females are ready to oviposit. In spring in the Ottawa area and to the south,
stimulans is the most common and troublesome species of Aedes, but on the
Precambrian Shield to the north it scarcely occurs. Perhaps the acidity of
the water there may be an important limiting factor. Throughout southern
Ontario in the vicinity of wooded areas it probably is the worst pest species,
especially in early summer before vexans appears.
Female stimulans seem to be exceptionally long-lived. 1'he black-legged
Aedes, such as communis, punctor, and intrudenr, usually disappear from
the Ottawa area in early July. However, stimulans is often still unpleasantly
common in August. Females have been collected in early September. Yet
there is no evidence that stimulans is anything but univoltine.

Distribution. Eastern North America, from southern Manitoba,
southern Ontario, and Nova Scotia south to Mississippi. Previous records
from the west and north have been referred to mercurator.
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Aedes thibaultiDyar and Knab, 1910:174.

Adult. Female: Integument dark brown; proboscis, palpus, tibiae,
tarsi, and wing veins dark-scaled, sometimes a few white scales at base of
costa and radius; scales of vertex, postpronotum, and a narrow V-shaped
wedge at anterior edge of median stripe, presutural sublateral area, and
lateral stripe of scutum (including supraalar area) yellow; remaining scutal
scales dark brown; postsutural sublateral stripe contiguous with submedian
stripe, not separated from it by a line of yellow scales; middorsal dark stripe
sometimes partly divided by a few yellow scales along acrostichal line;
postprocoxal membrane, hypostigmal area, anterodorsal corner of katepisternum, and lower third of mesepimeron without scales; iower third of
mesepimeron without scales; lower mesepimeral setae absent; abdominal
tergites dark-scaled, each with lateral spot or triangle of white scales.
Male:

Palpus slender, dark-scaled, slightly longer than proboscis, with

a few scattered setae apically, but lacking tufts or fringes of long setae;
coloration and scaling as in female; basal lobe of gonocoxite small, with a
group of medially directed setae, but lacking an enlarged bristle; apical lobe
small; claspette stem bifurcate, with a conical median seta-bearing branch
and a shorter lateral branch bearing claspette filament; filament flattened,
transpar,ent, with medially directed thumb-like lobe and contorted apex.

Larva. Antenna slender, evenly tapering, nearly as long as head;
clypeal setae short, pale, wider apart than their own length; head seta 5-C
with five or more branches; seta 6-C usually with four or five branches;
bases of setae 5-C, 6-C, and 7-C almost in a straight line; body with
greenish brown pigment concentrated intersegmentally, giving the larva a
jointed appearance; siphon rather straight-sided, 4.5 or more times as long
as basal diameter; pecten teeth evenly spaced.

Biology. Aedes thibaulti has been collected twice in southern Ontario.
The first specimen was a single male collected in a light trap near Belleville,
Ont. (Belton and French 1967). A series of larvae was collected in early
May at Rondeau Provincial Park from a hollow stump (about 60 cm in
diam) that was standing in an upright position in a semipermanent woodland swamp. The interior of the stump, including the core of each major
root, had rotted away, leaving only the outer shell with a slot in one side
through which larvae of other species of Aedes entered the interior of the
stump. Larvae of thibaulti were not collected outside of the stump. Most of
the larvae were concealed in the dark recesses within the hollow roots" One
larva was collected from inside the end of a floating hollow log in the same
swamp. Many other apparently suitable stumps and logs were examined, but
they did not yield thibaulti.
In the United States, larvae of thibaulti are usually associated with
flooded basal cavities in various species of swamp-inhabiting trees such as
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gums and bald cypress (Breeland et al. 196l). Except for an occasional
small specimen of one species of gum, Nyssa sylvatica, these trees do not
occur in Canada, and hollow bases in living trees may not be found here.
This species overwinters in Canada and the northern {JSA in the egg
stage. Horvever, Snow (1949) reported that larvae overwinter in the southern USA. The eggs are attached to the inner basal wall of the tree cavity. If
not flooded the ncxt season! eggs may remain viable for 2 years (Horsfall
1939). Larvai feeding and duration of larval and pupal development were
described by Shields and Lackey (1938).

Distribution. Southeastern North America, from lllinois and Texas
east to southern Ontario. New York, and Florida.

Aedes togol (Theobald)
Plate 52; Fig. 159; MaP 52
Cu lis e I s a

t

o goi

Theobald,

l9}i

:37 9.

Adutt. Female: Proboscis dark-scaled; palpus predominantly darkscaled, with white scales at apices of segments III and IV; postprocoxal
membrane, hypostigmal area, metameron, and lower third of mesepimerOn
without scalei; scales of katepisternum separated into a posterodorsal and a
posteroventral patch; scutum predominantly yellow-scaled, but with a subtle
complex pattern of darker lines and spots, as follows: median stripe yellow,
unusually wide, overlapping half of what is usually the submedian stripe;
subrnecliln stripe ill-defined, with yellow and darker narrower scales; dorsocentral stripe more prominent, with yellow scales; transverse suture emphasized with a curving line of yellow scales; scutal fossa and postsutural
sublateral area posterior to suture each with a spot of darker scales; tibiae
dark-scaled, eaih with a spot of white scales at apex; first and second
tarsomeres each dark-scaled except for narrow basal and apical rings of
white scales; apical ring only half as wide as basal ring; third tarsomeres
with basal white ring, usually also with a few white scales at apex; last hind
tarsomere brown-scaled; wing veins brown-scaled; abdominal tergites dark2s9
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o specimens we examined.

scaled, each with transverse basal band of white scales; cerci small, rounded,
inconspicuous, rather larger than those of A. atropalpus.

Male: Palpus reduced, only about three-quarters as long as proboscis,
dark-scaled, with narrow ring of white scales at base of fourth and fifth
palpomeres (and a few white scales at apices of third and fourth palpomeres
as well); palpal setae reduced in length and density; apex of third palpomere
with only three or four setae; medioventral edge of gonocoxite with dense
brush of long setae intersecting the setae on opposite gonocoxite; basal lobe
of gonocoxite scarcely differentiated; apical lobe of gonocoxite absent;
claspette filament a sickel-shaped rod; coloration of scutum and legs as in
female.

Larva. Head setae 5-C and 6-C each with many branches, arising side
by side far forward on apotome, anterior to seta 7-C; prothoracic seta 4-P
double, as long as l-P or 5-P; mesothoracic seta 3-M almost as long as 4-P;
comb scales 80 or more, small, and densely crowded; seta I-VIII shorter
than 2-VIII or 5-VIII; siphon shorter than anal segment; pecten teeth evenly
spaced, occupying basal two-thirds of siphon; saddle scarcely covering
one-quarter of anal segment even in last instar; saddle seta l-X isolated in
the membrane ventral to saddle in all instars; anal papillae minute.
Biology. Aedes togoi was probably introduced into Western Canada
from Japan. At present, the species is known only from the vicinities of
Vancouver and Victoria, B.C., where larvae occur in rock pools along the
coast. Our material came from several rock pools at the southern end of
Lighthouse Park, North Vancouver, where the rocky shore sloped steeply
down to the sea. Pools varied considerably in depth and extent. Only those
above high tide level contained togoi larvae. The pools contained suspended
green algae and harbored larvae of Culise;a incidens as well. Although these
pools would undoubtedly receive salt spray during storms, rain was probably
the most important source of water. When it was tested in September 1976,
the salinity was no greater than that of freshwater (Brust, personal communication). The larvae of togoi, though numerous in several of the pools,
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were not observed at the surface, Iike those of incidens, but had to be sieved
from the bottom detritus.

In Japan, larvae of togoi were collected from artificial containers, bilge
water, and brackish coastal rock pools (Hsaio and Bohart 1946). Weathersby (1962) transferred larvae from seawater to freshwater, apparently without ill effects. Sasa et al. (1952) found that togoi larvae can tolerale a 5Vo
concentration of salt and that overwintering takes place in the larval stage.
In September, at Vancouver, adult females began coming to feed in the
vicinity of their breeding pools, about an hour before sunset. They were
rather timid in their approach and were easily frightened before their
mouthparts were imbedded. Reports on their habits in Japan are conflicting.
Sasa et al. (1952) described togoi as a vigorous human biter, readily
invading human dwellings, but LaCasse and Yamaguti (1955) collected
only a few female specimens in biting collections and suggested that there
may be two indistinguishable strains: one that did not bite man, which bred
in artificial containers in villages, and the other that fed readily on humans,
which bred in brackish saline coastal rock pools. Omori (1962) found only a
small number of females in horse or cattle sheds despite the presence of
many larvae in the vicinity and suggested that the strain that bred in villages
might be autogenous. If two such strains exist, it is evidently the coastal
form that has been introduced into Canada.

of togoi were experimentally infected with the virus of Japaencephalitis in Japan (Mclintock and Iversen 1975). They were
also infected with the larvae of ll'uchereria bancrofti, the causative agent of
Bancroftian filariasis (Yamada 1927). However LaCasse and Yamaguti
(1955) stated that Culex pipiens pallens Coquillett is a much more important vector of filariasis than is togoi.
Females

nese

"B"

Distribution. Pacific Coast of Asia from Sakhalin Island and the
of the Maritime Territory, USSR, south through Japan,

southern part

Korea. and China: introduced alons the coast of southern British Columbia.
Aed es

triseriatus (Say)

Plate 53; Figs. 108, 129,132, 134, 17'7,181; Map 53

Culex triseriatus Say, 1823:12.
Finlaya nigra Ludlow, l9O5b:387

.

Adult. Female: Similar to hendersoni except that the brown-scaled
middorsal stripe of the scutum is wider, bulging rather than parallel-sided,
thus usually extending lateral to the dorsocentral setae midway between the
anterior margin and the transverse suture, and the tarsal claws are more
uniformly curved, not bent beyond subapical tooth.
Male: Palpus slightly shorter than proboscis, its scales and setae
entirely dark; third palpomere with at most two or three long apical setae;
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fourth palpomere usually less densely fringed than that of hendersoni;
lateral enlarged claw of fore- and mid-legs each with a subbasal tooth, but
lacking a basal tooth (which is present in hendersoni); gonocoxites diverging
distally from one another rather than parallel as in hendersoni; dorsomedial
margin of gonocoxite straight, not convex, with the setae on the basal lobe
extending in diminishing density almost to apex of gonocoxite; gonostylus
and claspette as in hendersoni.

Larva. Antenna smooth; antennal seta l-A usually single; head seta
4-C multiple, about half as long as seta 6-C; thoracic setae l-P, 1-M, and
l-T and dorsolateral and ventrolateral abdominal setae on first seven
segments stellately branched, usually with five or more branches; pecten
teeth evenly spaced; acus joined to siphon; saddle rectangular in lateral view,
its anteroventral corner not truncated; ventral pair of anal papillae shorter
than dorsal pair; all papillae more slender and more pointed (tapering rather
than rounded apically) than in hendersoni, and usually not more than one
and a half times as long as anal segment. In life, triseriatws larvae are more
darkly pigmented than those of hendersoni, although an occasional specimen has been found that has white hemolymph, which gives it a paler
appearance. Loor and DeFoliart (1970) described some exceptional larvae
of triseriatus that had anal papillae three or more times as long as the anal
segment.

Biology. Larvae of this species are more tolerant of habitat than are
of hendersoni, and they may be found in almost any kind of tree

those

cavity, including water-filled cavities in the crotch of a tree, even near the
ground, and in artificial containers. Water with a high organic content is
evidently not as important for triseriata,r as for hendersoni. In Ontario,
triseriatus has been collected more often than hendersoni, perhaps because
of its greater tolerance for various larval habitats.
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Much of what has been written concerning triseriatus may also apply
to hendersoni, because the two species were considered as one before 1960.
Nevertheless, we have summarized some observations from the literature on
triseriatus, because the two species are closely related and probably have
similar biologies.

In Canada the species probably overwinters only

as an egg.

An intricate

oviposition sequence was described by Snow (1949). Standing with the head
down, the femile inserted an egg into a crevice in the wood inside a suitable
tree cavity. After five eggs were laid in this fashion, one every 2 sec, the
female moved sideways 6 mm and similarly deposited five more eggs. After
four repetitions, the iemale moved up 6 mm and, reversing direction, laid
four more batches of eggs in a parallel but higher row. Several parallel rows
were thus laid, each 6 mm higher than the last, before the female flew to
another part of the tree hole and repeated the procedure, laying over 100
eggs in less than 10 min.
Eggs laid in summer that had become fully embryonated by September
did not hatch in the laboratory unless they were exposed to continuous
artificial light (Baker 1935). Eggs collected in winter (in Tennessee)
hatched within a few days if held at 2l"C (Breeland et al. 196l). Latvae
also required long days to complete their development. In. Georgia, larvae
hatching from ova that developed during decreasing photoperiod were
photosensitive and would not pupate unless the duration of daylight was
more than 12 hr (Love and Goodwin 1961). Baker (1935) found that larvae
required l6 hr of light to complete their development'
Most authors have reported triseriatus found in cavities in hardwoods,
but Snow (1949) found lirvae of this species in white pine in Wisconsin.
Larvae have also been recovered from various artifical containers, such as
barrels, tires, bottles, urns, cans, cisterns, and gutters, provided they were
filled with organic debris, such as leaves, and were shaded (Breeland et al.
1961, Micheier 194i, Lake 1954). Larvae are rarely found in rock pools
associated with Aedes atropalpus (Zavotlink 197 2) . Larvae seek the darkest
parts of the container and they burrow in the bottom debris if they are
disturbed. They can survive for a short time in the wet debris without a

layer of water.
Females of triseriatus have often been implicated in the transmission of
arboviruses. The species is a vector of the La Cross strain of the California
encephalitis virus ind can also transmit the viruses of Eastern, Western, and
Venezuelan equine encephalitides and yellow fever under laboratory condi-

tions (see Zaiortink tilZ for references). The La Cross virus was first
shown to be transmitted transovarially, from one infected female to her
progeny, by the discovery of the virus in a larval population (Watts et al.
igl-1, panirwatana 1974), and then in both larvae and in newly emerged
males (Watts et al. 1974). Transovarial transmission is evidently the mode
of overwintering of this virus, and probably also of other arboviruses. The
species is also receptive to the larvae of dog heartworm (Intermill 1973).
265

Loor and DeFoliart (1970) reported that males swarmed over the head
sunset. Hayes and Morlan
(1957) observed mating of triseriatus in laboratory cages during periods of

of an observer in bright sunlight, long before
semidarkness.

Distribution. Eastern North America. from Minnesota and

Texas

east to Maine and Florida (Zavortink 1972).
Aed es
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ittat u s (Coquillett)

Plate 54; Figs. 6, 144;Map 54

Culex trivittatas Coquill ett, l9o2b:193.
Culex inconspicu as Grossbeck, 1904b:332.

Adult. Female: Integument medium brown; proboscis and palpus
dark-scaled; pedicel with at most a few small dark scales; scales on anterior
half of postpronotum and median, submedian, and lateral stripes of scutum
reddish brown, with the median stripe sometimes slightly paler; scales of
posterior half of postpronotum and all of sublateral stripe of scutum pale
silvery gray or yellowish; postprocoxal membrane, hypostigmal area, antero-

dorsal corner of katepisternum, paratergite, and lower third or more of
mesepimeron without scales; lower mesepimeral setae absent; tibiae and first
tarsomeres dark-scaled anterodorsally, pale-scaled posteroventrally; remaining tarsomeres dark-scaled; wing veins dark-scaled; abdominal tergites
dark-scaled, each with lateral triangular spot of white scales, sometimes
with complete transverse basal band of white scales.

Male: Palpus
of last palpomere;

dark-scaled, longer than proboscis by almost the length

apex of third palpomere and fourth palpomere with
moderately dense fringe of long dark setae; coloration and scaling similar to
that of female; basal lobe of gonocoxite small, conical, with medially
directed tuft of setae, one of which is greatly enlarged; apical lobe reduced
in size, strongly angulate; keel on convex side of claspette filament with
retrorse angle.

Larva. Head setae 5-C and 6-C each single, relatively short and fine;
body integument covered with rather long, colorless microtrichiae that can
only be seen by transmitted light through the transparent cuticle; prothoracic setae 2-P and 3-P less than two-thirds as long as seta 1-P; mesothoracic
seta l-M shorter than head seta 5-C; dorsolateral setae (l-IV to l-VI) of
abdominal segments IV to VI each about half as long as corresponding
lateral setae (6-IV to 6-VI); abdominal setae (probably series 4) midway
between dorsolateral setae (series 1) and upper lateral setae (series 6) also
elongate, almost as long as the dorsolateral setae; ventrolateral setae (series
13) of segments III to VI elongate, two-thirds or more as long as upper
lateral setae of their corresponding segments (6-III to 6-VI); abdominal
setae (probably series l0) about midway between upper lateral setae (series
6) and ventrolateral setae, also elongate, almost as long as ventrolateral
266
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setae; siphon short and stout, slightly more than twice as long as basal
width; pecten teeth evenly spaced, occupying basal half of siphon, each tooth
with one large (and sometimes one small) basal cusp; saddle completely
encircling anal segment; anal papillae longer than anal segment.

Biofogy. Overwintering

as an egg in the soil, trivittatus is one of the

last species to appear in spring. Judd (1954) collected larvae in the first
week of June at London, Ont. Larvae occur in shallow, temporary, rainfilled grassy depressions, swamps, or bottomland forests. Last-instar larvae
are rarely seen at the surface because they spend their time concealed in
vegetation at the bottom of the pool (Breeland et al. 1961). In northern
Minnesota, larvae were collected in a temporary woodland pool (Price
1963). Larvae have rarely been collected in Canada. Although adults can be
fairly common in southwestern Ontario, they are only rarely collected in
southern Manitoba. In the USA. thev are associated with Aedes vexans and
Psorophora spp.

In Wisconsin, adults appeared in the second half of June, were most
abundant in early July, and disappeared in September (Loor and DeFoliart
l91O). Females attack in woods, especially river bottomlands (Dyar 1922b),
and are active day and night (Amin and Hageman 1974). This species is a
vector of Trivittatus virus, a member of the California encephalitis (CE)
virus group (Watts et al.1976).
Distribution. North America, from Idaho and New Mexico
Nova Scotia and Georgia.
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Aedes vexans (Meigen)
Plate 55; Fig.71;MaP 55

Culex vexans Meigen, 1830:241.
Culex sylveslris Theobald, 1901a:406 (preoccupied by sylvestris Ross)'
Culex montcalmi Blanchard, 1905:307 (new name for sylvestris
Theobald).
Aedes euochrzs Howard, Dyar, and Knab, 1917:716'

Adult. Female:

Integument pale to medium reddish brown; probospalpus with some pale scales at apex; pedicel
palpus
dark-scaled;
cis and
pale-scalid on median half; upper half of postpronotum and scutum reddish
bro*n to medium brown scaled except for a few pale scales along anterior
border of scutum, on supraalar area, and around prescutellar depression;
postprocoxal membrane, hypostigmal area, anterior half of katepisternum,
ind-lower half of mesepimeron without scales; lower mesepimeral setae
absent; tibiae dark-scaled dorsally, pale-scaled ventrally; first, fourth, and
fifth fore tarsomeres usually entirely dark-scaled; second and third tarsomeres each with narrow basal white-scaled ring, less than one-quarter the
length of the respective tarsomere; last mid tarsomere usually without basal
white-scaled ring; first to fourth mid tarsomeres and all five hind tarsomeres
each with narrow basal white-scaled ring; tarsal claws moderately and
evenly curved, each with short subbasal tooth; wing veins dark-scaled;
abdominal tergites dark-scaled, each with transverse basal white-scaled
band.

Male: Palpus dark-scaled, with patch of white scales at base of each
last
palpomere; palpus
-afex longer than proboscis by about half the length of the
palpomere:
of third palpomere and edges of fourth and fifth palpo-er"r fringed with long, dark, dense setae; coloration and scaling as in
iemale; gono-oxite without basal or apical lobes; seta of gonostylus arising
subapically on a small tubercle; claspette stem broad, truncate, terminating
in a group of ventrally curved setae; claspette filament absent.
Head seta 5-C with three to five branches (single in spencerii):
twoor three-branched, arising anterior to 5-C, their bases not
seta 6-C
forming a straight line with 7-C (the bases of 5-C and 6-C in cinereus, with
five or more bianches, forming a straight line with 7-C); head and body
darkly pigmented; body integument without minute spicules, as in spencerii;
siphon it least three times as long as basal width; distal pecten teeth more
*idety and unevenly spaced than basal teeth; siphonal seta l-S no longer
than apical diameter of siphon; saddle seta l-X branched; saddle not

Larva.

encircling anal segment.

Biology. During exceptionally wet summers, the population of vexhns
can increaii dramatically, and as a result the species is usually considered to
be the worst mosquito pest in Canada. Larval populatious of about 80
million/ha of water surface wcre recorded at Winnipeg (Dixon and Brust
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1972). The eggs overwinter; unlike most Aedes they do not hatch in spring
as a result of low oxygen levels in the water but in response to temperatures
above 8-10"C (Breeland et al. 1961, Brust and Costello 1969). Consequently, vexans larvae are among the last to appear in May. Thereafter, eggs laid
by females from this first generation can hatch after only 3-5 days of dry

weather (Breeland et al. 196l) anytime during the summer that enough
rainwater runoff collects to inundate them. In the heat of summer, the life
cycle is extremely rapid: hatching in 3 hr, maturing in 90 hr, and the adult
emerging in 120 hr and engorging after 142 hr (Breeland and Pickard
1963). However, even with the capabilities of such rapid development,
larvae must often be stranded and killed because such temporary pools can
disappear quickly (Jarnes 1960). The well-known example of over 1000
larvae in 280 mL of water (Matheson 1944) was probably the result of a
pool that was on the verge of drying up. If rainfall is insufficient, the eggs lie
dormant, remaining viable for several years (Gjullin et al. 1950). Not all
eggs hatch when inundated, and therefore periodic flooding and drying is
needed for a complete hatch.

Larval habitats vary, but open, shallow grass-filled depressions in
pastures or along roadsides are favored locations. Temporary woodland
pools can also support large numbers of vexans larvae, but larvae are not
usually found in permanent and semipermanent habitats.
Adult females are most active between sunset and sunrise (Burgess and
Haufe 1960) and are usually not troublesome during the day. They may
take up to eight blood meals and mature as many as 546 eggs during their
lifetime (Breeland and Pickard 1964), which is very much less than the
number produced by Anopheles quadrimaculatus. Females naturally infected with western equine encephalitis (WEE) virus and experimentally infected with St. Louis encephalitis (SLE) virus were reported by Stage et al.
(l

9s2).
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Gjullin et al. (1950) reported that vexans mated in I m3 cages.
However, Taylor and Brust (1974) were unable to obtain inseminated
females of vexans in a larger cage (120 x 120 x 210 cm high) unless males
and females of dorsalis were also present in the cage. The swarming
activities of dorsalis in the cage evidently stimulated vexans to swarm, and
l|Vo mated successfully. Coupling took place most often during periods of
changing light intensity, at simulated dawn and dusk.
Distribution. North America, Eurasia, and Africa: Europe, north to
latitude 6V62. in river valleys, east across Siberia to Japan, south to South
Africa, Turkey, Iran, India, China, and Indochina; Yukon and California
east to Nova Scotia and Florida.

Genus Culex Linnaeus

Adult. Integument medium brown; submedian stripe of scutum with
narrow bare line; pleural scaling and hairing greatly reduced; spiracular and
postspiracular setae absent; anepisternum entirely bare except for a line of
scales along upper edge of postspiracular area in C. tarsalis; postprocoxal
membrane, paratergite, anterior half of katepisternum, and lower half of
mesepimeron without scales; lower mesepimeral setae present, usually only
'one; tarsal claws of female all without subbasal tooth; abdomen parallel-sided, rounded apically; cercus small, rounded, inconspicuous; gonocoxite of
male with prominent dorsomedially directed subapical lobe (in much the
same position as the "apical" lobe of Culiseta but directed more dorsally),
bearing several highly modified tusk-like spatulate or hooked setae; basal
lobe of gonocoxite absent, its place occupied by an extensive membranous
area; lobe of tenth sternite, or paraproct, with a finger-like projection,
straight or curved, pointed or blunt apically, arising laterally about onequarter or one-third the distance from its base; apex of paraproct crowned
with a row or patch of denticles; aedeagus usually complex, adorned with
various processes; aedeagus and paraprocts superimposed over one another,
their respective outlines difficult to disassociate; claspette absent.
Lalva. Bases of head setae 5-C, 6-C, and 7-C usually oriented in a
straight line; comb scales arranged in a triangular patch of three almost
regular rows, with the scales of the distal row longer than those of the
proximal; siphon lacking basal pair of setae l-S, but with four or more pairs
of setae arising beyond pecten teeth; pecten teeth small, slender, and not as
conspicuous as those of Aedes; saddle always encircling anal segment in
final instar.
Key to the species of Culex of Canada-adults
l. Hind

tarsomeres each with basal and apical bands of white scales, the remainder
dark-scaled; proboscis encircled with band of white scales near mid length;
apices of third and fourth palpomeres with white scales; subapical lobe of
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gonocoxite of male with five tusk- or spike-like appendages (Specialized setae),
............ -tarsal is
none of which has recurved apices (Fig. 204) .....
Hind tarsomeres dark-scaled, with at most a few scattered white scales; proboscis
lacking an encircling white ring; palpus entirely dark-scaled; subapical lobe of
gonocoxite with six or eight appendages, most of which have recurved apices

(Figs.205-207)..........
..............2
2. Abdominal tergites each with transverse apical band of white scales; the three
most apically placed setae of subapical lobe of gonocoxite of male flattened,

blade-like, and serrate on one side, with recurved apices; paraproct without
finger-like lateral projection; apex of paraproct of male with comb-like row of
..................territans
about 10 short blunt teeth (Fig. 205) . ...... ....
Abdominal tergites each with transverse basal band of pale scales (sometimes
reduced to a few isolated scales in pipiens); setae of subapical lobe of gonocoxite
with simple, unserrated margins, with one of the two most apically placed setae
flattened, triangular, and paddle-like; paraproct with finger-like lateral projection; apex of paraproct with dense tuft of numerous pointed spines......................3
3. Scutum uniformly brown-scaled; subapical lobe of gonocoxite with eight appendages, the basal one thickened, straight, and blade-like without recurved apex;

a short, straight pointed protuberance (Fig.
ptprens
206)
Scutum with a pair of pale-scaled spots near middle; subapical lobe of gonocoxite
with six appendages, the basal one with recurved apex; lateral projection of
paraproct long, curved, blunt at apex (Fig. 207). . . .. .
.restuans
lateral projection of paraproct

204
Iafsalls

Figs.204-207. Dorsal view of gonocoxite

prprens

restuans

and paraproct of Culex species.

Key to the species of Culex of Canada-fourth-instar
larvae
l. Antenna tapering uniformly to apex; antennal seta I -A arising near middle
antenna; siphon with three or four long, usually unbranched setae on each side,
...........lestuans
one dorsolateral, one lateral, and two ventrolateral
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Apical third of antenna abruptly constricted; antennal seta 1-A arising at base of
constriction; siphon with four or more pairs of three- to six-branched setae, all
2
arising laterally or ventrolaterally. . ..
2.Head setae 5-C and 6-C usually single or double (5-C rarely three-branched);
. ... - -territans
two or three precratal setae..............
Head setae 5-C with four or more branches and 6-c with three or mofe branches;
.. 3
..
no precratal setae..............

3.

Siphon with five tufts on each side,
level

. . . . . . . . . . . . .

..

all arising dorsoventrally at the same

..larsalis

Siphon with four tufts on each side, the second last displaced laterally out of

1ine..........

....pipiens

Culex pipiens Linnaeus
Pf

ate 56; Fie. 206; Map 56

Culex pipiens Linnaeus, 17 58:602.
Culex consobrinus Robineau-Desvoidy, 1827 :408.

Adult. Female: Proboscis and palpus brown-scaled; apex of palpus
usually with a few pale scales; erect forked scales of vertex mostly dark
laterally, paler yellowish middorsally; postpronotum and scutum with uniformly pale brown scales; the scales on supraalar area and on both sides of
prescutellar depression usually slightly paler; tibiae and tarsi dark-scaled
dorsally, paler below; abdominal tergites dark-scaled, each usually with
transverse basal band of paler scales, which may, however, be obscure or
absent.

Male:

Palpus entirely brown-scaled, slightly longer than proboscis,
it by less than length of last palpomere; long fine setae of
palpomere arising ventrolaterally from distal half of palpomere;

usually exceeding

third

subapical lobe of gonocoxite with eight appendages; the most proximal
appendage thickened, straight, and blunt apically, without recurved apex as
in the two adjacent appendages; paraproct with a short, straight, sharply
pointed lateral projection.

Larva. Antenna almost as long as head, with apical third to half
abruptly narrowed; antennal seta l-A arising beyond middle at point of
abrupt narrowing; head setae 5-C and 6-C each with four or more branches;
siphon four to almost six times as long as maximum width, widest not at
base but about one-quarter of the distance from base, with four pairs of
setae, all branched and almost equal in length; basal two pairs and apical
pair all arising ventrolaterally, with the third pair arising more laterally and
out of line with the other three pairs; upper caudal seta 2-X double, about
three-quarters as long as seta 3-X; precratal setae absent.

Remarks. A report of salinarius from Nova Scotia (Twinn 1945) was
probably based on pipiens. The larval siphon of pipiens can be almost six
times as long as its greatest width and about ten times as long as its apical
width. Such specimens could easily be misidentified as salinarius with the
use of the keys of Matheson (1944) and Carpenter and LaCasse (1955)'
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However, the siphon of pipiens is broadest beyond its base, so that its dorsal
and ventral margins appear slightly bowed outward. The siphon of salinarizs (in the few specimens we have examined) is broadest at its base and in
profile its margins are nearly straight; therefore, it tapers evenly along its
entire length. The siphon of salinarius is also longer and narrower, as long
as the last four or five body segments, seven or more times as long as its
basal width, and nearly fifteen times as long as its apical width. The antenna
of salinarius larvae is also longer than that of pipiens. Females of pipiens
occasionally lack transverse pale-scaled bands on the abdominal tergites, a
character of salinarius.

Biology. As its common name implies, the rain-barrel or northern
house mosquito, Culex pipiens, has a close association with man. Larvae can

be found in almost every type of water container (listed by Headlee 1945
and Niebanck 1957), especially if the water is polluted with sewage or pulp
mill or barnyard wastes (Headlee 1916, Gibson 1928, Twinn l93l). Larval
development can be completed in as few as 8 days (Headlee 1945) and
because there is no interruption by diapause in early summer several
generations can be completed in a season. In southern Ontario the pipiens
population builds up to a peak in late summer, especially in wet seasons, and
then larvae may be found in almost every roadside ditch, rain puddle, or
artificial container. Breedins continues until it is curtailed bv cold weather

in October.

Like other Culex, the unfed adult female overwinters in basements,
caves, and similar shelters. The time of their emergence from hibernation in
the spring is not known, but larvae begin to appear in June (Judd 1950).
The females are generally believed to be predominantly bird feeders and to
take human blood reluctantly (Mattingly et al. 1951). Hayes (1961) showed

that they prefer birds to mammals, although various small

mammals,

snakes, and turtles have been bitten. They feed mainly after dark and enter
houses freely, probably feeding on man when their numbers are high and
other hosts less available.

Culex pipiens has been implicated in the transmission of western
equine encephalitis (WEE) and St. Louis encephalitis (SLE) (Hammon et
al. 1945, Stage et al. 1952). The species has been widely assumed to be the
principal vector of SLE virus in eastern Northern America. The first
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recorded epidemic of this disease in Canada occurred in southern Ontario in
197 4.

The eggs are laid in rafts, each consisting of about 100-400 eggs
cemented side to side. The raft floats so that one end of each egg is
immersed in water. Females avoid ovipositing on water that has an NaCl
content of l7o (Wallis 1954a). In Illinois, a few female pipiens were induced
to deposit egg rafts autogenously, that is, without a blood meal (Wray
1946). From their progeny six generations were reared autogenously, but
their egg rafts contained less than half the usual number of eggs'
Culex restuans Theobald
Plate 57; Fie.207; Map 57

Culex restuans Theobald, 1901 b:l 42.
Culex brehmei Knab, 19l6:161.

Adult. Female: Not always distinguishable from pipiens;

palpus

entirely dark-scaled; erect forked scales on vertex entirely dark; scutum
usually with pair of middorsocentral spots of paler scales in addition to
pale-scaled areas on both sides of prescutellar depression and on supraalar
area.

Male: Palpus brown-scaled, longer than proboscis by almost the
combined length of last two palpomeres; long, fine setae of third palpomere
arising along its entire length, those arising ventrolaterally on apical half
nearly twice as long as the setae arising ventrally and medioventrally from
basal half; subapical lobe of gonocoxite with six appendages, the most
proximal appendage with recurved apex as in the second, third, and fourth
appendages (numbered from base); paraproct laterally with blunt, hook-like
projection.
Antenna shorter than head, tapering uniformly to apex;
arising near middle of antenna; head setae 5-C and 6-C
each with four or more branches; siphon with four pairs of setae, unequal in
length, all except the short apical pair single, the basal and apical pairs
arising ventrolaterally, the second seta arising laterally to somewhat ventrolaterally, and the third and longest seta arising dorsolaterally; upper
caudal seta 2-X single and almost as long as seta 3-X (as in Aedes

Larva.

antennal seta

l-A

abserratus); precratal setae absent.

Remarks. Michener (1947) found that adults reared from larvae in
acid water full of decaying vegetation were generally smaller and darker
than those from other sources, and more than half of these smaller specimens lacked the characteristic pale middorsocentral scutal spots.

Biology. The life cycle of restuans is similar to that of pipiens.
Larvae inhabit various artificial containers, rock pools, and tree cavities as
well as ditches and temporary puddles when decaying vegetation is present.
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However, the population reaches its peak much earlier in the season than
does pipiens (Carpenter and LaCasse 1955). The earlier emergence and
more northerly distribution of restuans reflect a greater cold tolerance than
in pipiens. In Ontario restuons larvae have been associated with Anopheles
punctipennis, Culex tenitans, and Aedes atropalpus in rock pools (James
1964), whereas in polluted locations they commonly occur with Culex
pipiens.

The females hibernate in basements, caves, and hollow trees, probably
in company with those of pipiens. This species, \ke pipiens, prefers feeding
on birds, although mammals, snakes, and turtles are also hosts (Hayes
l96l). They occasionally feed on man outdoors, beginning to feed at dusk
and during the day in shaded areas (Breeland et al. 1961). However, even
when they are abundant, the females are rarely seen biting (Michener
1947).

Although restuans is not usually suspected of transmitting viruses of
the encephalitides, Hayes et al. (1960) isolated that of eastern equine
encephalitis (EEE) in New Jersey. Apparently the distribution of EEE
coincides with that of restuans. Western encephalitis virus was isolated from
restuans in Manitoba (Norris 1946).

east

Distribution. North America, from central Alberta south to Mexico,
to Nova Scotia and Florida. Twinn (1945) recorded restuans from

British Columbia, but recent records suggest those of Twinn were based on
pipiens.
Cu

I

ex farsalis Coquillett

Plate 58; Fig. 204; Map 58

Culex tarsalis Coquillett , 1896:43.
Culex willistoni Giles, 1900:281.
Culex kelloggii Theobald, 1903b:211.

Adult. Female:

Proboscis dark-scaled except

for

white-scaled ring

encircling mid length and occupying about one-fifth of proboscis; palpus
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mostly dark-scaled, with white-scaled apex; vertex brown-scaled, with line of
white scales along eye margin and patch of white scales medially; scutum
reddish brown scaled, with white scales along lateral margin anterior to
transverse suture, on middorsocentral spot, on both sides of prescutellar
depression and supraalar atea, and as a narrow postsutural dorsocentral
line; upper margin of postspiracular area with row of white scales; anterior
surface of femora dark-scaled with narrow longitudinal white-scaled line or
row of spots; tibiae with white-scaled line on both anterior and posterior
surfaces, otherwise dark-scaled; first tarsomeres dark-scaled except for faint
white-scaled line on both anterior and posterior surfaces and white-scaled
basal and apical ring; second fore tarsomere with white spot of scales at base
and at apei; remaining fore tarsomeres dark-scaled; second and third mid

tarsomeres with clearly defined basal and apical bands; fourth mid tarsomere with patch of pale scales basally and apically; last mid tarsomere
dark-scaled; itt trinA iarsomeres, including the last one, with basal and
apical white-scaled bands; wing veins dark-scaled except for a few white
siales usually at base of costa and some scattered pale scales along subcosta;
abdominal tergites dark-scaled, each with basal transverse band of pale
scales.

Palpus longer than proboscis by the length of last palpomere
and about half the length of second last palpomere; third, fourth, and fifth
palpomeres brown-scaled dorsally except for narrow basal white-scaled
i.ansuerse band; fourth and fifth palpomeres ventrally with a longitudinal
band of white scales; long, fine setae of third palpomere arising, as in
restuens, along entire length of the palpomere, with the setae on apical half
more than twice as long as the more ventrally directed setae arising on basal
half; proboscis brown-scaled, often with numerous scattered white scales
and, as in female, with an encircling band of white scales; legs and scutum

Male:
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patterned as in female; subapical lobe of gonocoxite with eight appendages,
all without recurved apices, with the two basal ones straight, somewhat
flattened, and blade-like; paraproct with a long, thick, recurved, blunt
iateral projection; abdominal tergites each with basal transverse pale-scaled
band.

Larva. Head capsule more darkly pigmented, especially on posterior
half, than in territans; antenna more than two-thirds as long as head, arched
ventrally, and strongly narrowed on apical third; antennal seta arising at
point of constriction; head seta 5-C with four or more branches; seta 6-C
with three or more branches; siphon moderately stout, about five times as
long as basal width, broadest slightly distal to base and tapering evenly to
apex without constriction between middle and apex as in territans; siphonal
tufts 8-10 arising in two parallel rows on both sides of midventral line as in
territcns, seldom paired opposite one another; upper caudal seta 2-X with
two or three branches; precratal setae absent.

Biology. Larvae of tarsalis are usually found in permanent

and

semipermanent ponds and irrigation and roadside ditches that have emergent vegetation, but as populations build up during the summer, they may
spread to small temporary pools and artificial containers (Beck 1961). Davis
and Stage (1959) reported larvae found in seepage-filled hoofprints in the
mud of a creek bed.
Females overwinter in caves, abandoned mines, rock piles, talus slopes,
and rodent burrows (Chapman 1961, Beck 1961, Shemanchuk 1965). They
emerge in spring (late March - early April in Colorado) following the

spring soil temperature inversion, that is, when the temperature

of

the

surface soil becomes warmer! rather than colder, than the deeper layers
(Bennington et al. 1958a). There appears to be no migratory phase between
emergence and host-seeking (Bailey et al. 1965). They are most active
between sunset and sunrise (Burgess and Haufe 1960). Breeland et al.
(1961) found females in Tennessee resting during the day, in and under
various man-made structures including buildings. In Texas, Eads (1965) did
not find many females in such sites, even during population peaks. In
California, artificial resting boxes occupied by female tarsalis were vacated
17-30 min after sunset, their arrival and departure being correlated with
sunrise and sunset. Peak activity occurs within 2 hr after sunset (Bailey et

al.1965).
Though females of tqrsalis feed on birds like other Culex (Reeves and
Hammon 1944, Beck 1961), they seem to prefer mammalian blood. From
precipitin tests, Edman and Downe (1964) found more tarsalis containing
beef blood than bird blood, although this may have been a result of what
was most available. These authors recorded the blood of various mammals
in a sample of tarsalis that included multiple feedings.

Egg rafts of this species may contain between 100 and 250

eggs

(Edmunds 1955). Chao (1958) and Bellamy and Kardos (1958) discovered
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autogenous females among the tarsalis population. As in autogenous pipi,nr,ih" number of eggs produced was lower and was affected by larval diet.
Some females oviposited without having had food of any kind, even sugar.

Because of its involvement in the transmission of western equine
encephalitis (wEE), tarsalis has been studied intensively. Jenkins (1950)
showed that the range of tarsalis and that of WEE roughly coincide. WEE
is assumed to be primarily a disease of wild birds, among which epizootics
are undoubtedly fiequent, if sporadic, events, and tarsalis is assumed to be
responsible for'spreading the virus. Prevalence of the virus in an area is
chicken flocks (called
-onito."a by regular teiting of individual birds in
sentinel floc[s) located in strategic areas. It is only during a build-up of both
the virus and tarsalis that the disease is likely to appear in horses and
humans. Horses are particularly susceptible to WEE, hence the name equine
encephalitis. Fatalities among horses have always preceded symptoms
u-ong humans, and have thus ierved as a warning of a potential epidemic.

The mode of overwintering of the virus has evaded

investigators.

Overwintering in female tarsalis was naturally suspected, but-several studies
because a female's first blood meal is taken
have shown this to be unlikely,
-from
hibernation (Bennington et al. 1958b).
in spring after she emerges
wE^E viius has been isolated from snakes caught in early spring and from

the young of infected female snakes (Gebhardt et al. 1964). Another virus,
the La C-ross strain (see under A. triseriatu.s), has recently been recovered
from larvae, which suggests that transovarial transmission may be the mode
of overwintering of WEE virus as well.
Although tarsalis has a wide distribution in Western Canada, it is most
prevalent inlhe Prairie Provinces and uncommon in the aspen parkland belt
one specimen, a reared male, is known from the
icraham lg6gb). Only-(Map
if ), *ttictr is far beyond its main center of
Northwest Territories
example of many species that reach their
one
is
only
distribution. This
northern limits of distribution in the Mackenzie Valley'

Distribution. western North America, from the central Mackenzie

Valley south to Mexico, east to southwestern Ontario and Florida.

Culex territans Walker
Plate 59; Fig. 205, MaP 59

Culex territans Walker, 1856:428.
Culex saxatilis Grossbeck, I 905:360.
Culex

frickii Ludlow,

1906a:132.

Culex apicalis, authors before 1948, not Adams.

Adult. Female: An unmarked

brown species, similar to pipiens and

restuans, except that the transverse pale-scaled band on each abdominal
tergite is apical rather than basal in position.
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tarsal claws

Culex territans

Map
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records.

Male: Palpus longer than proboscis by combined length of last two
palpomeres; long fine ietae of third palpomere few, confined to apical
sns-quarter of iegment; pale-scaled transverse bands at apices of each
abdominal teg-"ni irreguiar, not always clearly defined; subapical lobe of
gonocoxite t"ith eight appendages, the two most basally placed ones long,
iattened, slightly iinuour, each with recurved apex, the four apical ones
similar but much smaller, and the remaining two long, setiform; paraproct
without lateral projection and few apical denticles.
Larva. Antenna nearly as long as head and strongly curved ventrally,
apical third or fourth abruptly narowed; antennal seta arising at point of
constriction; setae at apex of maxilla as long as maxilla itself; head setae
5-C and 6-C each singie or double, rarely triple; siphon especially slender,
five or six times as long as maximum width and seven or eight times apical
width, broadest at baie and tapering from base to about two-thirds to
three-quarters distance from baie, then widening again to apex; actual
length of siphon no more than last three abdominal segments, thus not as
long as siphon of pipiens, but apparently longer because of its slenderness;

'tufts g-iO,
arising in two parallel rows, one on each side of
sipi'onal
midventral line, but usually not regularly paired opposite each other, all
tufts branched, the last shorter and arising slightly out of line laterally;
upper caudal seta 2-X with two or three branches; two or more small
precratal setae.

Biology. Larvae of territans,like tarsalis and restuans, can be found
in artificiai containers, tree cavities, and other small bodies of water, but

their usual habitat seems to be large vegetation-choked permanent marshes,
especially those covered with duckweed (Lemna spp.). They have not been
found in grossly polluted locations (Headlee 1945). Larvae appear in late
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May and early June (Twinn l93l) and are usually common throughout
Canada south of the tree line and perhaps on the prairies.

Females emerge from hibernation early in spring (Twinn 1931,
Haufe 1952) and are believed to feed most commonly on frogs (Means
1965, Crans 1970). Feeding has been observed also on snakes (Dyar 1928),
birds (Crans 1970), cattle (Edman and Downe 1964), and humans (West
and Hudson 1960). However, some authors (Rempel 1950, Stage et al.
1952) have denied that territans takes mammalian blood. Crans (1969) and
Benach and Crans (1913) reported that territans transmits the causative
agent of frog filariasis, Foleyella flexicauda, to bullfrogs, Rana catesbeiana,
in New Jersey.
Frohne and Frohne (1954) described males swarming in midafternoon,
2-5 m over clumps of bushes on the bluff of a river in Alaska; the weather
was calm, cloudy, and humid.

In the north, there may be only one generation

each year (Happold

1965a), but in southern Canada there are several, as in other Culex.

Distribution. North America, Eurasia, and North Africa: Europe and
North Africa east across the USSR and the Middle East to Japan and
Alaska, south to California, east to Newfoundland and Florida.

Genus Culiseta Felt

Adult. Integument medium brown; spiracular setae present; postspiracular setae absent; recumbent scales of vertex all pale, contrasting with
dark, erect, forked scales and postocular setae; prealar area with setae, but
without scales; scales of scutum mixed pale and brown (all brown in C.
melanura), narrow, not especially dense, usually arranged in an obscure
pattern of narrow longitudinal stripes; tarsal claws of female all without
subbasal tooth; base of subcosta ventrally with a group of hairs; margin of
calypter fringed; abdomen rounded apically, not strongly tapered; cercus of
female short, rounded apically, inconspicuous; distal margin of eighth
tergite of male usually lobulate and armed with a row or group of modified
setae; gonocoxite of male tapering toward apex, with flattened triangular
basal lobe usually bearing two enlarged apically directed bristles; apical lobe

of gonocoxite a low tubercle or absent; gonostylus tapering, unbranched, its
apex with short, bifurcate, peg-like seta; apex of arm of tenth sternite with
four or five dorsally recurved teeth; claspette absent.

Larva. Prothoracic seta 4-P multiple, usually rather long;

meso-

thoracic seta 7-M single, its base separated from that of 6-M; comb scales of
eighth abdominal segment arranged in a triangular patch (one transverse
row in melanura); siphon with row of pecten teeth; siphonal seta 1-S arising
at base of siphon, from thickened ventral rim; saddle completely encircling
anal segment, pierced ventrally by the anteriormost precratal setae of
ventral brush (4-X).
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Remarks. In the previous three genera, Toxorhynchites, Aedes, and
Culex, it was not advintageous for us to use the subgenera (of which,
among the Canadian specieJ, there are five in Aedes and two in Culex) for
identi-fication, so almost no mention was made of them. However, in
Culiseta, the subgenus Culiseta differs in adult and larval structures from
the other two, Culicella and Climacura, and use of them seems
advantageous.

Key to the subgenera and species of Culiseta of
adults

Canada-

L Ventral margin of anepisternum (a), postspiracular area Qta), anterodorsal angle
of katepisternum (ki, and underside of paratergite Qtt) eachrrith a patch of
scales (Fig.208); gonocoxite with a subapical setose lobe (Figs.210,2ll);
lateral irafves of aedeagus separate from one another distally (Figs.2l3a-216a)
(subgenus

"'''2

Culiseta)

TiresJfour pleural areas bare (Fig. 209) except for minnesotae, which usually

has a few scales on postspiracular area, and melanura, with setae on underside
setose subapical lobe (Fig. .212); lateral
to apex (Figs. 2l7a-2194) (subgenera
medially
fused
halves of aedeigus

of paratergite; gonocoxite lacking a
2.

5
Culicella and Climacura)....... . . .. ...
last
three
pale
scales;
of
ring
basal
with
each
tarsomeres
Second and third
palpomeres of male with conspicuous dense fringes of long setae, those of third
it t"urt as long as fourth palpomere (Fig. 220); eighth tergite of male (usually
in a ventral position along with remainder of the terminalia) with a median

3
-.
apicaf cluster of up to l0 short stout spines (Figs. 21 3b, 2l4b) , Taisomeres dark-scaled; male palpus with scattered short setae (Figs.221,222):
eighth tergite of male with row of 20 or more short closely set setae (Fig. 2l6b)

oinon.

(F1g.2l5b)

'

"""

4

white;ings of second and third tarsomeres broad, each occupying at least
one-quarter oiits respective segnent; hypostigmal area usually with a patch of
scalei (Fig. 208, h); wing spots on R, formed by aggregations of dark scales

3. Basal

confined to its base and bifurcation of Rr*, and Ro*, Fig.225); costa' subcosta,
and radius with scattered white scales along their entire length; crossveins
bearing scales; setae of subapical lobe of gonocoxite uniform in size; each lateral
. .. . .. .. .alaskaensis
half ofaedeagus with reflexed apex...............
Basal white iings of second and third tarsomeres narrow, each occupying
one-tenth of the segment or less; hypostigmal area bare; wing spots especially
prominent, occupying all of R, between its base and bifurcation (Fig' 226);
white scales of wing,-if present, confined to apex of costa (in males, especially,
most dark wing scales appear rather pale and iridescent and may be mistaken
for white scales); crossu"inr without scales; most distal setae of subapical lobe of
gonocoxite longer and thicker than remaining setae; lateral half of aedeagus
. . " "incidens
iith pointed bul distally directed apex ....... . .. .
4. Costa, subcosta, and radius with scattered yellow scales; wing scales not aggregated to form spots (Fig. 227); tarsi with many pale scales; scutal scales all
male palpus with
Ieilow; antenna bf -uie *ith f"*". than 20 setae per segment;

a few short coarse setae, but without fine setae, its terminal segment inflated
(Fie.222); eighth abdominal tergite of male without spines (Fig. 2l5b); lobe of
ninih tergite tuith t*o rows of short stout peg-like se1ae............... .............inornata
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Culiseta (Climacura)
Culiseta (Culicella)

Figs. 208,

209. Left

Figs.2lV2l2.

lateral view of thorax.

Dorsal view of gonocoxite of species of subgenus Culiseta.
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aedeagus; D, eighth

Wing veins lacking pale scales (in some lights the scales have a bluish iridescence
of
-ufing them appeir somewhat pale); wing scales weakly aggregated at bases
R", Rr, Rr, and Ro*, forming spots (Fig. 228); tarsi almost entirely brownscaled; scales of acrostichal, dorsocentral, and sublateral stripes of scutum
yellow, the remaining scutal scales reddish brown; male antenna with 30 or
more setae per segmint; fourth palpomere of male with sparse fringes of fine
setae (Fig. i2l); termiml palpomere cylindrical; distal margin of eighth tergite
of male with row of 20 or more short spines (Fig. 2l6b); lobe of ninth tergite
. . .. ...impatiens
with one row of long curved setae
5. Spiracular bristles few, usually two or three, more or less concolorous with
adjacent bristles on postpronotum; paratergite with one to five delicate yellow
r.iu. on underside; abdominal tergites entirely dark-scaled; posterior margin of
eighth tergite of male truncate, without patch of setae (Fig. 2l7D) (subgenus

'melanura
Climacura)...
Spiracular bristles more than five, pale yellow, contrasting with darker bristles on
postpronotum; paratergite bare; abdominal tergites each with transverse pale
bands of yellowish brown scales; posterior margin of eighth tergite of male
"6
lobulate and setose medially (Figs. 218b, 219b) (subgenus Culicella)
6. Postspiracular area bare; abdominal tergites each with transverse band of paler
scales only at base; tarsal claw thicker at base, shorter, and more strongly
curved (Fig. 223); integument of scutum dark brown; aedeagus diamond-shaped
(Fig. 2i8d), with apei pointed; setae on median lobe of posterior margin of
.. ..........morsitans
eighth tergite of male as long as width of lobe (Fig. 2l8b)
Postspiracular area usually with a small patch of scales; abdominal tergites each
with basal and apical bands or patches of paler scales; tarsal claw slender,

longer, and straighter (Fig. 22q; integument of scutum reddish brown;
aediagus subparailel-sided and broadly rounded or truncate apically (Fig.
2l9a); setae on median lobe of posterior margin of eighth tergite of male much
shorter than width of lobe

-

(Fig.2l9b)

220

221
Figs.

22V222.

minnesotae

alaskaensis

222

lmPallens

inarnata

Palpus of male of Culiseta species'

i7\
223

motsttans

Figs.223,224. Tarsal claw of female of Culiseta
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224

minnesotae

species'
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225

226

227

228

Figs. 225-228. Dorsal view of wing of Culiseta species: 225, alaskaensis; 226,
incidens; 227, inornata; 228, impatiens.

Key to the subgenera and species of Culiseta of
fourth-instar larvae

Canada-

l.Antenna about half as long as head capsule; antennal seta 1-A inserted

near

middle of antenna; siphon rather short and stout, about three times as long as
greatest width or less; pecten of two distinctly different lengths, a basal row of
short teeth, followed by a row of longer setae extending to apical third or
quarter of siphon (Fig. a0) (subgenus Culiseta)
... . .. .. . . ......2
Antenna as long as head capsule; antennal seta 1-A inserted near apical third of
antenna; siphon six or more times as long as greatest width; pecten teeth few,
small, confined to basal third of siphon (Figs. 41, 42) (subgenera Culicella and

Climacura)....

2. Dorsolateral abdominal setae

. . .....5
(1-VI and 1-VII) of segments VI and VII multiple,

much shorter than seta 1-V, and less than one-tenth as long as upper lateral
setae of their respective segments (Fig. 229); head setae 5-C and 6-C similar to
each other in length and number of branches....
..,............impatiens

Dorsolateral abdominal setae ( I -vI and 1-vII) of segments vI and vII double or
triple, as long as those on preceding three segments, and nearly as long as upper
lateral setae of their respective segments (Fig. 230); head seta 6-C longer and
with fewer branches than seta 5-C . .
.
.... .3
3. Saddle seta l-X as long as saddle or longer (Fig. 230)
........inornata
Saddle seta l-X less than three-quarters as long as saddle
.. .. . ......4
4. Prothoracic seta l-P single; antenna coarsely spiculate, the spicules readily
visible under a dissecting microscope....
..alaskaensis
Prothoracic seta l-P three- to five-branched; antenna appearing smooth, the
spicules minute under a dissecting microscope....
................incidens
5.

Comb scales arranged in a single vertical regular row; siphon with a single
midventral row of unevenly spaced branched setae beyond pecten (Fig. 4l)
(subgenus Climacura)
........nelanura
Comb scales arranged in a triangular patch; siphon without branched setae
except for paired basal tuft 1-S (Flry. aD (subgenus Culicella) . . . .
. .. . . 6
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6. Head setae

5-C and 7-C usually with fewer than six and nine

branches,

respectively; ventral brush of anal segment (seta 4-X) usually with 20 or more
morsitans
Setae..............

Head setae 5-C and 7-C usually with more than six and eight branches,
respectively; ventral brush of anal segment (seta 4-X) usually with 18 or fewcr

setae...............

229

impatiens

minnesotae

23O

inornata

Figs. 229, 230. Left lateral view of terminal abdominal segments of larva of
Culiseta species.

Subgenus Culiseta Felt

Adutt. Scutum evenly though rather sparsely scaled, with narrow
poorly defined median, dorsocentral and supraalar stripes, and periphery of
prescutellar depression pale yellow scaled; middorsocentral spot of yellow
scales prominen| lower margin of anepisternum, postspiracular area, and
underside of paratergite each with small patch of pale scales; anterodorsal
corner of katepisternum and most of mesepimeron scaled; scales of wing
veins (except inornata) denser in some areas than in others, particularly at
base of R", Rr, Rr, M,, and M, appearing as dark spots; abdominal tergites
dark-scaled, each with basal transverse band of pale scales; apical lobe of
gonocoxite (except inornata) moderately developed, bearing a dense group
of differentiated setae.
Larva. Head rather small in relation to body, as in Aedes; antenna
much shorter than length of head, seta l-A arising near or before its mid
length; innermost setae of labral brush with comb on inner edge at apex, as
in Aedes and Psorophora; siphon less than four times as long as maximum
width; pecten consisting of a proximal row of short teeth, each with a small
subbasal cusp, followed by a longer distal row of longer hair-like setae; base
of siphon ventrally with quadrate indentation, the large basal siphonal seta
l-S inserted on its thickened, sclerotized margin at or near corner of
indentation, and thus arising near middle of proximal row of short pecten
teeth; siphonal seta l-S conspicuous, longer and with more branches than
abdominal seta 3-VIII.
Biology. All four species overwinter as mated but nulliparous, nonblood-fed females (Knab 1908, Dyar 1922b, Hearle 1926, Rempel 1953,
Graham 1969b) emerging to seek blood in early spring. Shemanchuk (1965)
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found hibernating females of inornata in animal burrows, and Rempel
(1953) stated that females enter houses in the fall asdo Culex. Hibernating
alaskaensis have been found in hollow logs (Dyar 1922b), cellars, and sheds
(Yates 1953).
Eggs are laid in rafts on semipermanent bodies of water. Larvae of all
four species of the subgenus occur during the summer. Whereas impatiens
and alaskaensis can be uncommon and difficult to collect as larvae.
inornata and incidens are often verv abundant.
C u Ii

seta

a

I

askaen s is (Ludlow)

Plate 60; Figs. 210, 213,220,225;Map 60

Theobaldia alaskaensis Ludlow, 1906b:326.

Adult. Female: Proboscis and palpus mostly dark-scaled, usually
with scattered pale scales; scutum with mixed dark brown and whitish
scales; hypostigmal area usually with small patch of scales; second, third,
and on hind leg, fourth tarsomeres each with basal ring of white scales
occupying about one-quarter of their respective tarsomere; costa, subcosta,
and R, with mixed dark and pale scales throughout their length; wing spots
resulting from aggregations of dark scales small but distinct, confined to the
bases of veins R., Rr, Rr, R4*5, Mr, Mr, and CuA,, and a small spot on M at
junction of crossvein r-m.

Male: Palpus longer than proboscis by almost entire length of last
segment; distal two-thirds of ventrolateral surface of third palpomere with
dense fringe of long setae, some of which are more than half as long as third
palpomere; fourth and fifth palpomeres with median and lateral fringes of
shorter setae; scales of scutum predominantly yellowish rather than brown
as in female; leg bands and wing pattern much as in female but less distinct;
posterior margin of eighth tergite with prominent lobe bearing a small group
of short stout flattened clavate setae; lobe of ninth tergite with row of long
curved setae; apical lobe of gonocoxite scarcely elevated, but distinguishable
by dense group of medially directed setae; aedeagus conical, straight-sided,
tapering apically, each lateral half terminating in strong laterally reflexed
point.

Larva. Antenna with coarse spicules easily visible under a dissecting
microscope; head seta 5-C five- to seven-branched, with the longest branches
shorter than those of head seta 6-C, which is only two- to four-branched;
prothoracic seta l-P single; seta 3-P usually two- to four-branched; metathoracic ventral seta l3-M rather short, its branches subequal; dorsolateral
abdominal setae (l-III to l-VII) of segments III to VII well-developed, each
usually double, more than two-thirds as long as its respective upper lateral

(6-III to 6-VII);

saddle pierced by

at least two or three precratal

saddle seta minute, inconspicuous, much shorter than saddle.
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Map

60.

examined,

Collection localities for Culiseta alaskaensis in Canada: o specimens we

literature records.

Biology. Culiseta alaskaensis is widely distributed in the boreal forest
across northern Europe, the USSR, and northern Canada. In Western
Canada it occurs also at low elevations in river valleys in southern Alberta
(Shemanchuk, personal communication) and in the lower Fraser Valley of
British Columbia (Hearle 1926), whereas in Eastern Canada it is a more
northern species. Most collection records for unreared females are in May
and June, and for reared adults, July, but there is one specimen in the
Canadian National Collection of a female that was collected while biting on
3 August at Banff, Alta. In Alaska, the last biting record was 2

July

(Frohne 1951), and no fall biting was observed;at Flatbush, Alta., Happold
(1965) saw no more females after 27 May.
Various larvai habitats for this species have been described by Jenkins
(1948) and Frohne (1957), although this species has most often been
collected among Carex near the edges of small deep semipermanent pools.
We have encountered larvae associated with impatiens in central Yukon
Territory, in similar pools where water was retained by permafrost. When
the permafrost melted, the water disappeared rapidly, stranding many
larvae that had not completed development. Jenkins (1948) found egg rafts
as late as 3 July in Alaska. All investigators agree that there is only one
annual generation. Sommerman (1964) described male swarming behavior
in front of the entrance to a small man-made cave on the side of a cliff in
Alaska.

Distribution. North America and Eurasia: Norway east across
Siberia and Alaska to Newfoundland, south to the mountains of Iran,
Pakistan, northern India, and Colorado.
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Plate 61; Figs. 216, 221,228,229;MaP

61

Culex impatiens Walker, 1848:5.
Culex pinguis Walker in Lord, 1866:337 .
Culex adsobrinus Felt, 1904:318.

Adutt. Female: Proboscis and palpus dark-scaled; scutum brownwith especially prominent pair of yellow-scaled middorsocentral

scaled,

spots; scale patches of ventral edge of anepisternum and of postspiracular
area smaller, more compact than in the other species; apices of femora and

tibiae pale-scaled; remainder of tibiae and tarsi dark-scaled; wing veins
entirely densely dark-scaled, with four weakly defined spots or aggregations
of scales at bases of R,, R2, R., Ro*r, M,, and Mr.

Male: Palpus about as long as proboscis; setae of third and fourth
palpomeres shori, sparse, and delicate, none as much as half as long as
iourth palpomere; last palpomere slightly inflated; coloration and arrangement oi s"iling as in female except paler; posterior margin of eighth tergite
with a row of i0 or -o." closely and evenly spaced short thick setae; lobe of
ninth tergite with row of long curved setae; apical lobe of .gonocoxite
scarcely elevated, bearing a small group of setae; aedeagus tapering, rounded apically, each lateral half terminating in an anteromedially reflexed

point.

Larva. Antenna with coarse spicules, visible under a dissecting micro-scope; head setae 5-C and 6-C almost equal in length and in number of

branches, each with more than five branches; prothoracic seta l-P single;
seta 3-P with three or four branches; metathoracic ventral seta l3-M
fan-shaped, with the longest branches in middle; dorsolateral setae l-IV and
1-V of abdominal reg-entt IV and V weak, between half and two-thirds as
long as their respe-ctive upper lateral setae 6-IV and 6-V; remaining
doriolateral setae l-III, l-VI, and l-VII much smaller, multiple, shorter
than half as long as dorsolaterals l-lV and l-V; saddle seta fine' shorter
than saddle; saddle pierced by two or three precratal setae.

Biology. Overwintering females of impatiens are possibly the earliest
species of mosquito to seek blood in the spring. Frohne (195! recorded

fimales biting on warm days in March in southeastern Alaska. The females
are exceptionllly long lived. Some females that had already overwintered
were caught in mid-May and fed sugar, water, and blood. These females
lived until mid-September, probably more than 12 months from the time of
their emergence. Frohne (1954b) believed that this explained the,presence of
biting femiles throughout the summer and early fall in Alaska, because
overwintering females presumably do not feed before going into hibernation,
and there is only one annual generation. Egg rafts containing about 100
eggs each were described by Dyar (1922b) and Frohne (1954a)'
Larvae were collected in semipermanent ponds and bog pools (Frohne
1954a) and in dark, permanent, shaded, forest pools (Rempel 1950, Stage et
29s
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Map

61.

Collection localities for Culiseta impatiens in Canada;

examined, A literature records.

'

specimens we

al. 1952). They have been found in association with pullatus, punctor,
excrucians, hexodontus, and alaskaensis (Frohne 1952) and with alaskaensis and morsitans (Frohne 1953b).
Mating behavior was described by Frohne (19536) and Sommerman
(1964). Males do not swarm. Sommerman collected several coupled pairs
from the ceiling of a cave in Alaska.
Distribution. North America, from Alaska and California east to
Newfoundland and Massachusetts.
Cu I i seta inc iden s (Thomson)
Plate 62; Figs. 21 |, 214, 226; MaP 62

Culex incidens Thomson, 1869:443.
Adult. Female: Proboscis and palpus mostly dark-scaled, with scattered pale scales; hypostigmal area bare; second and third tarsomeres with
narrow indistinct basal and apical rings of pale scales, each ring no more
than one-sixth as long as its respective tarsomere; pale wing scales only on
upper distal half of costa; wing spots formed by aggregations of dark scales
more extensive than in alaskaensis, occupying all of R" between its base and
bifurcation of Ro*r, an equally long adjacent section of M, basal third of
each of Rr, Rr, M,, and Mr, and most of CuA, between its base and
crossvein m-cu; spots absent from base of Ro*, and from M at junction of
crossvein r-m.
Mele: Palpus about as long as proboscis; setae of third palpomere
shorter and less dense than in alaskaensis, about as long as fourth palpomere; fourth palpomere fringed laterally and medially; coloration and
scaling as in female, except that wing pattern is much less distinct and
291
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Collection localities for Culiseta incidens in Canada:
examined, a literature records.
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specimens we

tarsomeres have scarcely any trace of basal white-scaled rings; posterior
margin of eighth tergite with scarcely any median lobe, bearing a small
group of short, pointed, flattened setae similar to those of alaskaensis;
ipicit tOUe of gonocoxite better developed than in other Culiseta, armed
with four or five long thick bristles; each lateral half of aedeagus with
lateral flange and short, pointed apex.

Larva. Antenna rather smooth, with a few small, low spicules visible
only under compound magnification; head seta 5-C with five or more
branches, all shoiter than those of seta 6-C, which is two- to four-branched;
prothoracic seta l-P multiple; seta 3-P usually four-branched;.metathoracic
ventral seta 13-M asymmetric, with its branches increasing in length and
thickness ventrally; dorsolateral abdominal setae (l-IIl to I-VII) of segments III to VII all well developed, each usually double and more than
two-thirds as long as its respective upper lateral setae (6-III to 6-VII);
saddle pierced by two or more precratal setae; saddle seta 1-X fine, shorter

than saddle.

Biology. Unlike alaskaensis and impatiens, incidens is multivoltine,

at least in British Columbia, having several generations during the summer
in the lower Fraser Valley where it is the most common and widespread
species of mosquito (Rempel 1950). The larval habitats are diverse: open or
sladed pools and permanent or semipermanent streams and ditches (Chapman 1961, CurtiJ 1967). It is tolerant of polluted water (Dyar 1922b)'

including warm sulfur pools (Gibson 1926), artificial containers, and coastal
rock pools.
299

Females overwinter in rock slides (Rush 1962) and also probably the
other usual overwintering sites used by Culex and Culiseta. Hubert (1953)
found that egg rafts were deposited at night. Hubert achieved male swarming in a cage 2.5 m high.

Distribution. Western North America from Alaska to California, east
to the Prairie Provinces. Records east of the Prairie Provinces (cited by
Carpenter and LaCasse 1955) need verification, and the record from
Newfoundland (Freeman 1952) is undoubtedly a misidentification.
Cu I iseta i nor

nata (Williston)

Plate 63; Figs. 215, 222,227 , 230; Map 63

Culex inornalus Williston, I 893:253.
Culex magnipennis Felt, 1904:322.

Adult. Fenale: Proboscis and palpus dark-scaled, with scattered
pale scales; hypostigmal areabare; scale patches of lower edge of anepisternum and of postspiracular area usually confluent; scales of scutum yellowish; scutal setae dark brown; legs with mixed pale and dark scales, but
without pale rings; costa, subcosta, and R, mostly dark-scaled, with scattered pale scales; remaining wing veins sparsely and evenly dark-scaled,
without aggregations forming spots; abdominal tergites each with broad,
irregular, basal, transverse band of yellowish scales.
Male: Palpus longer than proboscis by almost the length of last
palpomere, with only a few short coarse setae, the longest seta at apex of
third palpomere no longer than three times width of palpomere at its apex;
last palpomere inflated; setae of each flagellomere of antenna fewer and
shorter than is usual in male mosquitoes; posterior margin of eighth tergite
rounded medially, but without median group of setae or bristles; lobe or
ninth tergite studded with two irregular rows of very short, stout, blunt,
peg-like spines; apical lobe of gonocoxite scarcely or not elevated, without a
strongly differentiated group of setae; aedeagus strongly tapering apically,
lateral margin concave, each lateral half terminating in a small laterally
reflexed point similar to that of alaskaensis but smaller.
Larva. Antenna with fine spicules, visible only under a compound
microscope or a dissecting microscope at high magnification; head seta 5-C
with five or more branches, head seta 6-C with fewer (usually three or four)
but distinctly longer branches than seta 5-C; prothoracic seta l-P usually
single; seta 3-P usually double or triple; metathoracic ventral seta 13-M
asymmetric, its branches increasing in length and thickness ventrally;
dorsolateral abdominal setae l-III to 1-VII of segments III to VII all well
developed, usually triple, each almost as long as its corresponding upper
lateral (6-III to 6-VII); saddle seta rather thick and conspicuous, longer
than saddle; usually no more than one precratal seta arising from saddle.
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examined,

collection localities for culiseta inornata in canada: . specimens we
records, A literature records based on probably misidentified

a literature

specimens.

Biology. As is alaskaensis, inornala is widely distributed and abundant in western canada, but in Eastern canada it is found only in southern
ontario- Either the species has only recently entered ontario from Michigan
or two different species are involved.
Culiseta inornata is the most common species of culiseta in the prairie
Provinces. overwintering females emerge frbm hibernation in early spring,

and larvae appear as early as mid-May in Saskatchewan. The second
generation appears by the end of May (Rempel 1953). Generations continue
to develop until early October (Knab 1908).

Like incidens, larvae of inornata occur in various habitats (Rempel

1953) but not in artificial containers (Dvar 1922D.

Males of inornata do not swarm; they mate on vegetation a few

centimetres above the surface of the water of their breeding sites (Rempel
1953). As a result, the species has been readily colonized (Mclintock 1952).
Downes (1958) noted that the antenna of the male has fewer setae than that
of the males of other species of Culiseta.

Distribution. North America, from Yukon Territory and northern
Mexico east to New Hampshire and Florida.
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Subgenus Climacura Howard, Dyar, & Knab

Adult.

Submedian stripe of scutum bare; scutal scales brown; spiracular bristles few or sometimes only one, brown; all of anepisternum including

postspiracular area, anterior half of katepisternum, and lower half of
more pale
-esepime.on bare of scales; underside of paratergite with one or

yellow hairs; scales of wing veins not aggregated; abdominal tergites entirely
dark-scaled; apical lobe of gonocoxite lacking.

Larva. Antenna longer than head; antennal seta l-A inserted near
antennal apex; comb scales about 25, artanged in a vertical row, each scale
elongate with scalloped, minutely fringed edges; siphon six or more times as
long as maximum width, adorned with a midventral row of small tufts and
several smaller dorsal and lateral scattered setae; the usual basal siphonal
seta l-S reduced, inconspicuous, and much shorter and less branched than
seta

3-VIII.
Cu I iseta melan

u

ra (Coquillett)

Plate 64; Fre.2l7; Map 64
Cule

x melanrzra Coquillett, l9l2b:193.

Adult. Female: Integument medium brown; proboscis and palpus
dark-scaled; scutum sparsely brown-scaled, with the scales never dense
enough to obscure integument; submedian scutual stripe with even fewer
scales than adjacent areas, sometimes bare; legs and abdominal tergites
dark-scaled.

Male:

Palpus about as long as proboscis, entirely dark-scaled; apex of
palpomere
with tuft of about 15 long, fine setae; fourth palpomere
third
with median and lateral fringe of moderately dense setae; scutum sparsely
brown-scaled, submedian stripe usually without scales; eighth tergite truncate posteriorly, lacking setae; aedeagus obovate, with small pointed apex.

Larva. Antenna almost as long as head, with seta l-A arising well
its mid length, uniformly darkly pigmented, and not especially

beyond

swollen on basal portion; head seta 5-C with four or more branches; seta 6-C
single, almost twice as long as seta 5-C; comb scales 18-25, each long,
slender, and rounded, precisely arranged in a vertical row; siphon six or

more times as long as basal width; pecten teeth small, usually only on a
siphon, although one or two may arise on proximal membrane, extending
over basal third of siphon; siphonal seta l-S two- or three-branched,
unusually small, shorter than basal width of siphon, and easily overlooked;
siphon with an additional midventral row of more than 10 unpaired multiple
tufts beginning before last pecten tooth and extending almost to apex of
siphon.

Biology. Culiseta melanura has only recently been recorded in
Canada (Chant et al. 1973). Unusual among Culiseta, melanura overwin303
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Map 64. Collection localities for Culiseta melanura in Canada: o

speclmens we

examined.

ters in the larval stage (Brakeley cited by Mitchell 1907, Matheson 1944,
Jamnback 1961). In deep water-filled depressions in a sphagnum bog in
southern Quebec, Ellis and Wood (1974) found fully grown larvae in early
May in association with the chaoborid Eucorethra underwoodi Underwood,
another species that overwinters as a mature larva. Openings to these
habitats were small, scarcely large enough to admit a dipper, and difficult to
find. We assume they fill early with snow, which prevents the water therein
from freezin g. Larvae taken from the same habitat in November and held at
about l8oC could not be induced to resume their development, even under
increased photoperiod. Maloney and Wallis (1916) found that larvae of all
instars developed rapidly to maturity at 28oC regardless of photoperiod.
However, some larvae could be prevented from completing their development at l9'C if photoperiod was reduced to t hr of light. Development was
arrested entirely at lower temperatures, provided that the larvae were cooled
gradually for at least a week.

In the southern part of USA, this species is much

more common.

Larvae have been found throughout the year in Georgia (Siverly and Schoof
1962). Breeland et al. (1961) collected larvae in various small semipermanent bodies of water, including tree cavities, artificial containers, ground
pools under trees, and especially in cedar swamps and basal cavities of gum
trees associated with Aedes thibqulti.There are several generations per year
in the southern USA and at least two in Canada, because larvae have been
collected in early spring, midsummer, and late fall.

Although females prefer birds as hosts, they also feed on small mammals and snakes but not turtles or amphibians (Hayes 196l). They have
only rarely been observed biting man (Hayes and Doane 1958, Schober
1964). Wallis (1954b) found gravid females in Connecticut as late as
December. Eggs are laid in rafts, each containing about 100 eggs. The raft
is almost circular or oval, with one side incomplete (Chamberlain et al.
les5).
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The virus of eastern equine encephalitis (EEE) was first isolated from
females of melanura by Chamberlain et al. (1955). Except under exception-

al circumstances, it is difficult to imagine how such a rare and obscure
species as melanura, which only rarely feeds on man, could serve as a vector

of EEE among humans in

Canada, although

it

may be instrumental in

spreading the disease among wild birds.

Males were observed swarming on several occasions between l2 June
and the end of October in Massachusetts (Hayes 1958). Swarming took
place at sunset about 3-6 m above ground that was beneath the tips of
overhanging branches.

Distribution. North America, from Minnesota, Colorado, and Texas
east to Maine and Florida.

Subgenus

Adult.

Cu I icel

I

a Felt

Submedian stripe of scutum bare; spiracular bristles numerous,

pale yellow; lower margin of anepisternum and underside of paratergite
bare; postspiracular area bare (morsitans) or usually with a small group of
scales (rrinnesotae); anterior half of katepisternum and lower half of
mesepimeron bare of scales; scales of wing veins without spots; abdominal
tergites dark-scaled, each with basal transverse band of pale scales and, in
minnesotae, also with apical band; gonocoxite tapering uniformly to apex,
with apical lobe of gonocoxite lacking.

Larva. Antenna longer than head, with antennal seta 1-A arising near
its apex; siphon six or more times as long as maximum width; pecten of a
few small inconspicuous teeth only at extreme base; basal siphonal seta l-S
similar in length and number of branches to seta 3-VIII.
C u Ii

seta

m in n

esotae Barr

Plate 65; Figs. 219, 224;Map 65
Cu li s et

a minne s ot ae Barr,

19

5'7

:l 63.

Culiseta silvestris minnesotae Barr: Maslov , 1964:159.

Adult. Female: Integument reddish brown, usually distinctly paler
than that of morsitans; proboscis and palpus dark-scaled; scales of scutum
coppery brown anterior to transverse suture, mostly so posterior to it, with
brassy yellow scales being restricted to a small round middorsocentral spot,
a small supraalar spot, and a narrow postsutural dorsocentral stripe, not
contiguous with the middorsocentral spot and, usually, the median prescutellar area; postspiracular area with small group of yellow scales (lacking in
only I of 28 specimens examined); second and third and sometimes first and
fourth tarsomeres each with narrow, poorly defined basal ring of pale scales;
abdominal tergites each with both basal and apical bands of yellowish brown
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Collection localities for Culiseta minnesotae in Canada: o specimens we

t

literature records.

scales separated by an irregular, poorly defined midtransverse band of
darker brown scales.

Male: Palpus exceeding proboscis by combined length of last tarsomere
plus more than half of second last palpomere; apical two-thirds of third
palpomere and lateral and medial edges of fourth palpomere fringed with
long dense setae; coloration and scaling as in female; setae on posterior
margin of eighth abdominal tergite less than half as long as those of
morsitans; aedeagus more cylindrical than that of morsitans, with concave
lateral margins and broadly rounded apex with small median notch.

Larva. Almost identical with that of morsitans. According to Price
(1958a), the number of branches of head seta 5-C is 6-11, whereas in
morsitans it is 3-7, that of seta 7-C is 8-14 in minnesotae and it is 5-9 in
morsitans, and the number of tufts of the ventral brush is 16-19 in
minnesotae and 19-22 in morsitans.

Remarks. Maslov (1964) suggested that Culiseta ochropter,c Peus,
1935 and C. minnesotae Barr be considered subspecies of C. silvestris
Shingarev, 1928. Unfortunately, many North American workers began to
use the combination Culiseta silvestris minnesotae without realizing the
lack of evidence on which the proposal was based. First, the holotype of
silvestris apparently no longer exists; Maslov saw only paratypes, which in a
group such as Culiseta could easily have been different from the holotype.
Second, Shtakelberg (1937, cited by Gutsevitch et al. 1974) concluded that
the two species ochroptera and silvestriJ are not identical. Third, Maslov's
material of minnesotae consisted of one male, which he discovered among
Culiseta material that had been given to him from North America and
which seemed to him indistinguishable from Asiatic specimens. Gutsevitch
et al. (1974) rejected the name silvestris, considering it unrecognizable
because the holotype was missing and the description inadequate. Instead
they used ochroptera, a junior synonym, leaving the matter of usage of the
name mi nnesotae unresolved.

The situation is analogous to the suceeding one of morsitqns ys. dyari,
except that here the identity of the senior name silvestris is in doubt. Until
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Russian workers concur in choosing between ochroptera and silvestris, we
are unwilling to use either name and, therefore, continue Io use minnesotae'
Because Maslov (1964) compared so few specimens, it is difficult to
know whether the slight differencis he ascribed to his various subspecies in
this complex were individual variations or reflected more fundamental
differences.

Biology. This is one of the least known Canadian mosquitoes- Females
overwinter. as in most other Culiseta (Barr 1957, Price 19584)' In central
Alberta females appeared in the first week of May and disappeared in June
(Graham lg6gb,'1969c). Newly emerged adults reappeared in late June.
iheir feeding habits are similar to those of morsitans, preferring birds, but
also feeding-on small mammals and turtles (Hayes 1961). They apparently
do not feed on man.

Larvae were collected in exposed semipermanent to permanent
sedge--cattail marshes from mid-May to late September in Minnesota (Price

196-i). They were most often found concealed among dense clumps of
vegetation, occurring in association with larvae of Culiseta morsitans during
thJ latter half of Miy. Larvae were first collected in Canada in Manitoba in
a permanent cattail marsh (Trimble 1972).

Adults are seldom collected except at light or in cor-baited traps
(Graham 1969a). There is probably more than one annual generation
because there are adults in the Canadian National Collection from May,
mid-July, and August. The adults collected in August were attracted to
COr; they were probably not part of the overwintering generation'

Distribution. central North America, from British columbia

and

Oregon east to Quebec and Maryland.
Cu I iseta mor s

itans (Theobald)

Plate 66; Figs.212,218,223; MaP 66

Culex morsitans Theobald, 1 90 I b:8'
Culex dyari Coquillett, 1902b:192.
Culex brittoni Felt, 1905a:79.
Cul ice I I a parodit e s Dy ar, 1928:244.
Culiseta morsitans dyari Coquillett: Maslov, 1964:154'
medium brown, usually darker than that
of minnesotae; scutum more extensively pale-scaled, with brassy scales on
median stripe, presutural lateral stripe, anterior edge of transverse suture,
middorsocentrai spot, postsutural dorsocentral stripe, supr.aalar ,area, and
periphery of presiuteliar depression; postspiracular area bare; legs as in
*irirtoior; aLdominal tergites dark-scaled, each with poorly defined transverse basal band of yellowish brown scales.

Adult. Female: Integument
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tarsal claws

Culiseta morsitans

,

Map

66.

collection localities for culiseta morsitans in canada:

.

specimens we

examined. A literature records.

Male: Palpus longer than proboscis by slightly more than length of last
palpomere; apical half of tniiO and lateral and medial edges of fourth
and scaling as in
iutpo-"t"i *ith fring" of long dense setae; coloration
with group of
medially,
iemale; posterior -ut:gin of eighth tergite rounded
apical half of
of
tergite;
as
length
long
as
about id relatively lorig setae, each
pointed
apex.
with
diamond-shaped
aedeagus

Larva. Head exceptionally large in relation to body; antenna as long as
head or longer, with seia l-A arising well beyond its mid length and apex of
seta extend'lng beyond apex of antenna; base of antenna white, slightly
inflated, and 6owed laterally; apex of antenna darkly pigmented-; head seta
5-C usually four- to six-branched; head seta 6-C double, more than half as

as seta 5-C; thoracic setae exceptionally long; comb scales 50 or
long again
-,urrunged
in a large triangular patch; siphon long and slender, six or
.oi",
-as
long as ils basal-width; pecten teeth greatly reduced in size
seven times
and number, with the smaller basal ones usually arising on membrane
proximal to base of siphon; row of pecten teeth barely longer than basal
riptton width; siphonal seta l-S shorter than in the subgenus Culiseta but
conspicuous und long"r than basal width of siphon; anal segment long and
nurro*; saddle pierc-ed by six or more precratal setae of the ventral brush

(seta 4-X).

Remarks. The name of this species is at present in a state of confusion. Culisetq morsitans was originally described from England and is now
known from Europe and North Africa east to western Siberia (Maslov 1964'
Gutsevitch et al. 1974), and in North America from central Alaska (Gjullin

et al. 196l) to Newioundland. Dyar (1928) originally maintained that

differences in the terminalia between the European populations and those of
North America warranted specific recognition of the latter under the name
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dyari. However, Matheson (1929) rejected dyari as a separate species, and
North American material was subsequently called morsitans (with dyari as
a synonym) until Maslov (1964) used the trinomial C. morsitans dyari.
Unfortunately, this trinomial combination has appeared more and more
often in the North American literature. Maslov used trinomials freely to
derote any population that appeared to him to differ slightly from any
other; he used them for almost every species of culiseta. His characters foi
distinguishing morsitans from dyari are particularly inconsequential (for
example, ratio of length of femur in all three pairs of legs to that of
proboscis is usually more than one in morsitans, distinctly less than one in
dyari). Perhaps the most apparently important difference is that of the
overwintering stage; among North American populations, it is usually the
egg stage, whereas in Europe, where the winters are less severe, the larva
has been observed overwintering (wesenberg-Lund l92C-2r). Nevertheless,
wesenberg-Lund often observed total mortality as a result of a cold spell,
followed by a new hatching as the weather warmed. In contrast, Shute
(1933) and Callot and Dao Van Ty (1944) believed that the egg of the
European form can resist desiccation during summer and can overwinter if
the weather is dry. In Denmark Aedes communis may hatch anytime during
the winter, but in canada eggs overwinter, and hatching follows snowmelt.
Thus the mode of overwintering may be a response to local conditions. We
reject such a difference by itself, if in fact a real difference exists, as an
indication of two separate species. More study is needed on the life cycle of
morsilans, especially in western Siberia, where larval overwintering may not
occur' and in western North America, where larval overwintering is a
distinct possibility. The use of the trinomial, therefore, implies a more
detailed understanding of the nature of the North American population in
comparison with that of Europe than we believe exists. Because there is
apparently little possibility that the two populations come into contact, the
subspecific names should not be used in the sense commonly used today, for
91-a-mple, among birds, mammals, and butterflies, to denote anatomically
different populations that interbreed freely along a zone of contact, but stiil
maintain their anatomical distinctness. we believe that use of either the
name morsitans or dyari, but not both, is more consistent with what is
known. Because insufficient information is available, we prefer to use
morsitans rather than dyari, for the same reason that we have used the
names culex pipiens and Aedes dorsalis, sticticus, and pullatus and others
for species whose distributions are more or less holarctic but are not

continuously distributed across both continents.

The name parodites Dyar deserves special mention. Matheson (1944)
and Carpenter and LaCasse (1955) did not mention it, not even as a
synonym. No specimens have been identified as this species, at least not in
the U.S. National Museum, since the original four were described by Dyar.
Maslov (1964) apparently was the first to make the synonymy, and we have
examined the types and cannot find any reason to disagree with his opinion.
A slide of the lectotype shows clearly the characteristic diamond-shaped
aedeagus of morsitans. None of the four adults has any scales on the
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anepisternum and

all

have leg banding and scutal pattern similar to

morsitans.

Biology. In most of Canada, morsitans overwinters in the egg stage
(Morris et al. 1976). In Ontario, first instars appear in April usually in
shallow, temporary pools in association with newly hatched Aedes spp.
According to Wallis and Whitman (1968), eggs of morsitans, like other
species of Culiseta, are laid in rafts. However, the rafts are not placed on
the water surface, but slightly above it, secured to a moist substrate. The
European form has been said to lay its eggs singly (Marshall 1938, cited by

Wallis and Whitman 1968: Barr 1958). However, Marshall (1938'

pp.

229-230) did not state that eggs were laid singly, but only relayed Wesenberg-Lund's (1920_21) observations that a female of morsitans ovipositing
in a vessel without water laid eggs both singly and in small batches. Thus'
the oviposition habits of the European morsitans appear to rest on a few
tenuous observations of females living in captivity under difficult conditions.
No records of this species being collected during the summer have been
found, which leads us to conclude (as did Matheson 1944, Price 1961, and
Morris et al. 1976) that there is only one generation per year. In this
respect, the species is more like a spring Aedes than a Culiseta.

Larvae have been collected most often in shaded situations, springs,

cedar swamps, sphagnum bogs, and small overflow pools caused by a rise in
water level of larger woodland ponds and small lakes. Larvae often occur
alone, in small numbers, or they may be associated with various species of
Aedes.
Females prefer to feed on birds and are long lived, capable of producing

at least three batches of eggs (Morris et aI. 1976). Of 94 l'emales examined
by Morris et al. (1976), 22 had fed previously on birds, whereas none
reacted with antimammal serum. They also bite small mammals and snakes
(Hayes l96l). Horsfall (1955) reported that morsitan^t was a serious pest in
eastern Europe and the Soviet Union.

Distribution. North America, Eurasia, and North Africa; Norway
and North Africa east to western Siberia; Alaska and Oregon east to
Newfoundland and Delaware.

Genus Mansonia Blanchard

Adult. Female palpus short; male palpus elongate, usually as long as
proboscis or longer, with the terminal segments usually fringed with numer-

ous long setae; postocular setae numerous, arising close to eye margin;
vertex with few recumbent scales, but numerous erect forked scales; postpronotum with setae, but usually without scales, which, if present, arc
narrow and curled as on adjacent scutum; scutum with narrow, recumbent,
often curled scales, sometimes in two sizes and colors; acrostichal, dorsocentral, and lateral setae well developed; spiracular setae absent; postspiracular
setae present or (in the subgenus Coquillettidia) absent; anepisternum
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without scales; remainder of pleuron mostly bare except for three small
patches of flat whitish scales; wing scales narrow or broad; legs usually with
bands of paler scales; abdomen truncate in female, with the cercus small,
not exserted. Gonocoxite, with small basal lobe appressed to gonocoxite,
tapering to apex; gonostylus usually short, enlarged apically, bilobed or with
rounded keel on distal half, and small apical spinule; claspette absent;
paraproct pointed or armed with teeth apically.
Larva. Colorless, except for heavily sclerotized apex of siphon and
lightly sclerotized head capsule; antenna extremely long, slender, and flexible, especially beyond insertion of antennal tuft; siphon exceptionally short,
conical; valves of respiratory apparatus darkly scldrotized, folded together
medially enclosing spiracles and forming a pointed device for penetrating
plant tissue; posterior valve with saw-toothed apex; anterior valve reduced,
but its seta greatly enlarged and directed anteriorly; saddle completely
encircling a rather long, slender anal segment.

Remarks. The present classification of the Culicidae, including the
concept of the genus Mansonia that has been in worldwide use for nearly 50
years, was the work of Edwards (1932). He placed all species whose larva
shared the same peculiarly modified siphon for extracting air from underwater parts of plants in Mansonia. By doing this he implied, though he did not
state it, that he considered this unusual larval specialization a good indication of common descent, or monophyly. All subsequent work has confirmed
that Edward's assumption was correct, and Mansonia remains unchallenged
as a monophyletic group. The peculiar siphon has always been a useful
character for instantly identifying the genus.
Edwards grouped all the species of Mansonia known to him into four
subgenera, the nominal subgenus Mansonia, and three others, Mansoni-

oides, Rhynchotaenia, and Coquillettidia. Mansonia and Rhynchotaenia
are neotropical, whereas the other two are confined to the Old World except

for the North American

species Mansonia (Coquillettidia) perturbans,

which is probably a relatively recent arrival here and is clearly related to
old-world stock. Edwards'descriptions and keys indicated that he was aware
of a closer affinity between the subgenera Mansonia and Mansonioides and
also between Rhynchotaenia and Coquillettidia, but he did not formalize
this in his classification.

Without rearranging any species or adding significantly to the characters Edwards and later authors had already described, Ronderos and
Bachmann (1963) elevated Mansonia to the rank of tribe, that is, Mansoniini, and the subgenus Coquillettidfa to generic rank. Unfortunately, this
suggestion was followed by Stone (1967), and as a result the use of
Coquillettidia as a full genus for perturbans has been gaining momentum
among North American workers. Adoption of Coquillettidia as a full genus
might bring out another facet of phylogeny, but it has left most nontaxonomists confused (for example, references in technical literature to "Coquil-

lettidia (Mansonia) perturbans" or "Coquillettidia (:Mansonia)";
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also

carpenter (1970b:44) compared with carpenter (197478). We consider
that Ronderos and Bachminn made changes that were unnecessary and
inadvisable. Bates (1949) eloquently explained the many advantages for all
culicidologists as a result of the universality and stability of Edwards'
Aside
system of"classification, and why this classification must be continuedgeneric
names'
mosquito
fiom the long uninterrupted universal usage that

,u"h u, Anoiheles, Culix, and Aedes have had, they are meaningful to a
large segment of the population' not just to taxonomists' Anyone contempl";i"; ; system of narro* genera in which Coquillettidia would be one of

itr",n itrouiO consider how ieaningless mosquito names would be today if
Theobald's (1910) monograph had become the basis of our classification,
with 2l genera oi Anoplelinae and well over 100 genera divided among

nu-".ouJrubfamilies thit now constitute the present Culicinae.

We suspect that the reranking of Coquillettidia to the generic level
as
serves only fh. tu*onornist's desire to incorporate into his classification
confusion
for
the
regard
without
possible
as
information
phyiogenetic
much
this creaies-for other zoologists. In some well-known groups such as the
vertebrates and some of the Lepidoptera, the genera have become so
fragmented and have been shifted-about so many times that nonspecialists
haie abandoned their use in favor of vernacular names' defeating the basic
was founded. We believe that
;;;-i;r on which zoological classificationthey
have been proposed_for some
vernacular names for moiquitoes, though
names
species, have never been necessary because.their generic and^specific
meaningful'
universally
remained
therefore
and
stable
been
have

As a result of the reranking of Coquitlettidia to the generic level, which
was followed by some workeri but not others, the name Mans-onia has
s.
become ambiguous, and it is necessary to suffix it with s. l. (sensu lato) or
str. (sensu sticto). Also, specimens can no-longer be identified.to genus at a

glance;

for larvae the relative lengths of the antennal portions rnust

be

-analyzed.

The new tribe Mansoniini joins an excess of other tribes, almost
one per genus, none of which seems equivalent to another nor universally
and therefore almost never used by the majority of mosquito

""""pt"bi.,
workers.

Most other genera, particularly Aedes, Culex, Culi'reta' and Psorophora, are made"up of reiognizable subgenera, but to rerank any of them
would'be to destroy the continuity and universality of the nlm9s Aedes,
culex, culiseta, ani Psorophora. The reranking of Coquillettidia has seI an
uniortunate precedent, Uut lt is not necessary to foll.w. it. If enough
mosquito *oike^ continue to use Mansonia in the inclusive sense of
Edwards. as we have done here, the use of coquillettidia as a genus will
eventually disaPPear.

Biology. All members of the genus Mansonia dy on air-within the
underwat#roots of emergent plantJand all have the siphon highly modified
for piercing plant tissuei Thf genus is primarily tropical' Many of the
tropical spe"cies do not burrow inio the bottom ooze but attach themselves to
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suspended rootlets of floating plants, particularly water-lettuce, Pistia
stratiotes. The pupae of all species also attach themselves to the roots by
their pointed, well-sclerotized prothoracic respiratory trumpets. Some species attach themselves before the larval skin is fully shed and remain
attached until emergence is imminent, when the tips of the trumpets break

off and remain in the plant. Others are free to

detach and reattach

themselves at will.

M

an

so n i a pert

ur

ban s (Walker)

Plate 67; Map 67

Culex perturbans W alker, I 856:428.
Culex testaceus Wulp, 1867:128.

Culex ochropus Dyar and Knab,

1907

a:100.

Adult. Female:

Integument yellowish brown, with the base of each
fairly well-defined yellow-scaled ring on
middle third, the apex dark-scaled, the base predominantly so; palpus
mottled with yellow and brown scales; pedicel with pale scales only; vertex
with recumbent narrow yellow scales and yellow and dark erect forked
scales; setae and most scales of scutum yellow, with a few smaller brown
scales usually present; submedian stripe of scutum bare of scales; postseta darker brown; proboscis with

pronotum with rather few narrow yellow scales in region of postpronotal
setae; pleural scales flatter, paler, confined to posterior third of katepisternum and to upper third of mesepimeron; femora and tibiae mottled with
dark and yellow scales, the hind tibia usually also with a well-defined ring of
pale scales near but not at its apex; first tarsomere dark-scaled, with narrow
basal ring and broader middle ring of white scales; all subsequent tarsomeres each with basal third to half white-scaled, the remainder darkscaled; wing veins mottled with yellow and dark scales; abdominal tergites
brown-scaled, each with irregular basal transverse band or lateral triangle of
yellowish scales.
Male: Palpus longer than proboscis by length of last palpomere; apex of
third and all of last two palpomeres fringed with long setae, each palpomere
predominantly pale-scaled on basal two-thirds; coloration and scaling otherwise much as in female. Basal lobe of gonocoxite with single blunt club-like
seta; gonocoxite with rounded keel on outer side near apex and extremely
small apical spinule; apex of paraproct armed with several teeth.

Larva. With its long slender antenna, in which the apical section
l-A is twice as long (but transparent and hard to see against a
pale background) as the basal pigmented section and its conical pointed
siphon is highly modified, this species is quite unlike any other in Canada.
beyond seta

Biology. From the time of hatching to adult emergence, larvae and
pupae of perturbans remain buried in the mud at the bottom of permanent
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marshes, obtaining their oxygen from air tubes within the roots of emergent
A thick layer of soft muck or peat on the bottom of the
marsh appears to be more important to perturbans than the species of plant,
because larvae have been collected from cattails, Typha; arrowhead, Sagit-

aquatic plants.

taria; pickerelweed, Pontederia; water-lily, Nymphaea (Hagmann

1952);

rushes, Juncus; reeds, Phragmites; sedges, Carex; and water-arum, Calla.
The marsh must remain permanently wet (Brower 1953) because, although
there is only one generation per year, larvae are present throughout the year
and are killed by drought especially in winter. The species overwinters in the
larval stage as second, third, or fourth instars, and there appears to be no
larval diapause, because larvae with food in the gut were collected in winter

(Hagmann 1952). The larva presumably eats the detritus surrounding it.

Because larval activity is greatly reduced during winter, Hagmann recommended sarnpling for larvae when the water was cold by uprooting the

plants, washing their roots, and screening the debris. This method was

unsuccessful at temperatures above 12oC because larvae detached readily.
Some larvae that Hagmann had brought back to the laboratory reattached
to cattail roots in an aquarium, but when they were disturbed they quickly
released their hold and sank to the bottom. Hagmann presumed that under
warm conditions larvae would not spend much time attached to one plant

but would move freely from plant to plant supported by oxygen in their
thoracic air sacs.
Before pupation the pupal respiratory trumpets become well sclerotized

(Hagmann 1953)" During pupation the sharply pointed apices of these
trumpets are imbedded in the root while the larval siphon is still attached.
Once inserted, the trumpet apex cannot be withdrawn. Before emerging, the
pupa wrenches itself free, breaking off the tips of the trumpets and leaving
them behind in the plant, and rises to the water surface. Hagmann (1953)
noted that, although the unbroken tips of the trumpets could not support the
pupa at the surface, the broken ends did. At a water temperature of
2V22"C, the pupal stage lasted 5 days.
Emergence begins in southern Ontario in mid-June (Judd 1954) and
peaks in Wisconsin in mid-July (Siverly and DeFoliart 1968b). Females feed
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rather indiscriminately on birds and mammals (Hayes 1961,-Downe 1962)
including man, and Downe noted a rather high proportion (157o) of multiple
feedings-in hii precipitin tests. The species is a serious pest of man and
livesto"ck in parti of southern Canada adjacent to large permanent marshes,
especially along the shores of Lakes Erie, Ontario, and Huron' Fortunately'

they are not pa-rticularly active during the day, but many authors have noted
a plak activity at dusk. The species is uncommon in Alberta and Saskatchewan (Mclintock and Rempel 1963, Graham 1969b) but common in the
personal communication). The
-urrhy areas of southern Manitoba (Brust,
in Georgia (Howitt et
perturbans
virus of EEE was recovered from female
al. 1949).

The eggs are laid in floating rafts under overhanging stems of Carex
(Hagmann"T952). Newly hatched larvae may come to .the surface briefly,
Uut iittrin 24 hr they usually disappear into the mud at the bottom'

Distribution. North America, from British colunLbia and Mexico
east to Nova Scotia and Florida.

Genus

Adult. Medium in

O

rt h o Pod o mY

size; palpus

proboscis, and without dense tults of

i

a Theobald

of male slender, about as long

as

long setae on apical segments; palpus

bf female about one-third as long as proboscis; vertex with numerous erect
forked scales; scutal setae exceplionilly long and numerous; postpronotal
setae strong, usually two; spiracular and postspiracular setae absent; postnotum barl; calypier fringed; fourth and fifth tarsomeres of fore- and
mid-legs exceptionally short, together not as long as third tarsomere;
abdom"en pu.uil"l-rid"d, truncated apically; cercus of female blunt apically,
of moderaie length, partly exserted, but not slender and tapering as in Aedes
or Psorophora.

Larva. Most head and body setae strongly branched; lateral abdominal setae (series 6) of segments III to VI single and exceptionally long, as
long as two or three abdominal segments combined; dorsolateral setae
(seiies l) also unusually long on segments IV and V; segments VII and VIII
and in some species VI each with a sclerotized tergite that is largest on
segment VIII (absent in alba); comb scales in North American species in

two transverse rows, with scales of the hindmost row nearly twice as long as
those of the preceding row; siphon without pecten and only a single seta 1-S

on each

sid^e; saddle completely encircling

anal segment; anal papillae

unequal, with dorsal pair longer than ventral pair'

Remarks. The adults of the two species of this genus that occur in
Canada are almost identical with one another but they are unlike any other
genus of canadian mosquito. Every part of the body and nearly every
Ippendage is ornamented- with lines and patches of narrow white scales,
*hi"tt ur:" particularly conspicuous against the dark brown integument' The
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fore and mid tarsi have scarcely any white scales, but the hind tarsi are
conspicuously banded, each tarsomere being banded apically as well as
basally. However, the larvae of the two species are quite different, which is
surprising when the adults are so similar.

Biofogy. Orthopodomyia

is a small genus of the oriental and neotropi-

cal regions with a few species ranging northward into the holarctic region.

The species are not found in Australia and Africa, but are present in
Madagascar and Mauritius. With few exceptions, larvae of all species
inhabit rot cavities in trees, broken bamboo stems, and similar "container"
habitats, including the axils of bromeliads in Central America, a habitat
normally occupied by l4tyeomyia and related genera. None of the species are
biting pests, and they are generally uncommon to rare.

Key to the species of Orthopodomyia of Canada-adults
Scales at base of
scales along

R.*, and on a short section of the adjacent radial sector white,

these

with adjacent white patches of scales on M,*, and CuA, creating an
elongate white spot occupying one-third of the width of wing; Ror, mostly
dark-scaled except for white basal spot (Fig. 231); less than basal half of A

white-scaled

.signifera

Base of Rn*, and adjacent portion of radial sector mostly dark-scaled, leaving white
patches on M,*, and CuA, appearing together as a smaller rounded spot less
than one-quarter the width of the wing; distal half to three-quarters of Ro*,

almost or entirely white-scaled (Fig. 232); basal half or more

sca1ed.............
base

231

oi Rr

-

of A white. .........a1ba

c

232

signifera

alba

Figs. 231,232. Dorsal view of wing of Orthopodomyia species.

Key to the species of Orthopodomyia of
fourth-instar larvae

Canada-

Abdominal segments VII and VIII each with a sclerite partly encircling the segment
dorsally; metathoracic ventral seta 13-T small, two- to three-branched (Fig.
233).
......signifera
Abdominal segments VII and VIII without sclerites; metathoracic ventral seta 13-T

large,five-toten-branched(Fig.234)
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...

.

............ . .

..aLba

234

233 signifera
Figs.233,234. Ventral view of larval

alba

head and thorax of orthopodomyia species.

Orthopod o my ia

al ba

Baker

Plate 68; Figs. 232,234; MaP 68

Orthopodomyia alba Baker, 1936:1.

Adult. Female: lntegument largely dark brown; proboscis

dark

brown scaled with a row of white scales along each dorsolateral edge; palpus
dark-scaled with a row of white scales along dorsum, becoming a series of
spots or dashes on distal palpomeres; pedicel with a semicircular line of
white scales; basal three to five flagellomeres with one or more narrow white
scales anteromedially; orbits delineated both dorsally and ventrally with a
narrow line of white scales; vertex with a few recumbent white scales
scattered among the dense erect forked dark brown scales; acrostichal,
dorsocentral, lateral, and supraalar setae of scutum brown, long, and
especially prominent; a narrow submedian line of white scales between
acrostichal-and dorsocentral rows of setae extending from anterior margin
of scutum to prescutellar depression; a second narrow line of white scales

along lateral edge of scutum from anterior margin to scutellum with
interruption at transverse suture; a third similar line lateral to dorsocentral
setae eitending from transverse suture to and onto scutellum; acrostichal
and dorsocental stripes of brown recumbent scales among bases of setae;
antepronotum with a spot of white scales; postpronotum bare except for a
nutro* straight line of white scales parallel to body axis; a similar broader
line along upper part of katepisternum and another vertical line along
posteroventral-margin; postspiracular and prealar areas each with a small
group of white scales; coxae white-scaled; femora and tibiae with scattered
whiti scales that tend to be oriented into longitudinal lines; fore tarsus
dark-scaled; mid tarsus dark-scaled except for a narrow ring at apex of
tarsomere; hind tarsomeres each with base and apex white-scaled; wing
veins with many white scales scattered among the black ones, and also
white-scaled pat-ches on stem vein, most of Ro*r, M,*r' CuA,' and basal half
of A.
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68.

larsal claws

0rrhopodomyia alba

Map

68.

examined,

Collection localities for Orthopodomyia alba in Canada:

literature records.

'

specimens we

Male: Wing narrower, with the scales fewer and paler, R4+s usually
white-scaled except at base, pattern otherwise as in female; gonostylus with
flattened setose basal lobe, tapering evenly to apex, without apical lobe;
gonostylus straight and slender, its apical spine short and peg-like, split
distally into several teeth; claspette absent; paraproct toothed at apex;
aedeagus divided into paired sclerites.

Larva. White, with small, rounded, lightly sclerotized head capsule;
head setae all short and stiff, none longer than antenna; thoracic and
abdominal setae (except for dorsolateral and lateral abdominal setae)
shorter and more rigid than those of signifera; metathoracic ventral seta
long, five- to ten-branched, abdominal segments VII and VIII not partly
encircled dorsally by a sclerite; siphon more darkly sclerotized, especially
toward apex, than any part of head; siphonal seta l-S two- to four-branched,
shorter than maximum width of siphon; saddle pigmented dorsally, pale
ventrally.

Biofogy. Orthopodomyia alba has only recently been discovered in
Canada (Smith and Trimble 1973). As in other members of the genus,
larvae have been found chiefly in rot cavities in trees and rarely in artificial
containers simulating tree holes (Jenkins and Carpenter 1946). Larvae seem

to prefer tree cavities with a small opening and a voluminous interior
l95l). The water in
such cavities is usually brown, heavily charged with organic detritus,
including rotting wood and insect remains. Although cavities in various

containing water of pH 7.6-8.4 (Wilkins and Breland

of deciduous trees have been found to contain alba larvae, we have
found them most often in large sugar maples, Acer saccharum. In certain
trees, the cavity remains full of water even during drought; perhaps sap
from the tree keeps it full.

species

Throughout most of its range, alba is believed to overwinter as a
late-instar larva (Baker 1936, Matheson 1944, Jenkins and Carpenter
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1946). Second and third instars have survived after being frozen for a week
(Baker 1936). In the Ottawa area, more than 100 larvae were found in early
April in about 5 L of liquid in a sugar maple; most of the larvae were in an
intermediate instar (whether second or third was not determined). These
larvae were alive and later they pupated and emerged in the laboratory.
Only those in the last instar were dead, perhaps killed by low temperatures.
In Texas, Wilkins and Breland (1951), noting that larvae were killed by
freezing, suggested that alba overwinters as an adult. Loor and DeFoliart
(1969) found a few eggs of alba that had overwintered (they did not state
how successfully) in containers that simulated tree holes, which they had set
out for Aedes triseriatus. In the Ottawa area, alba larvae have been found
in many different tree holes in summer but not in spring; we know of only
one cavity, mentioned previously, that served as a larval overwintering site.
It may be possible that tree sap and other debris fermenting in this cavity
have an ameliorating effect on the temperature of the liquid during the
winter, but it seems likely that temperatures below frcezing must occur,
because the average minimum temperature in January is -16'C.

Larvae are also somewhat resistant to summer drought and are able to
survive in the absence of free water (Breland 1947, Wilkins and Breland
1951, Breeland et al. l96l). In southern Quebec, from about 50 mL of moist
sludge taken from a tree cavity that lacked free water, we recovered 205
larvae of alba in the last 3 instars and 35 larvae of Anopheles barberi.

Adults are secretive, preferring to hide in dark recesses (Wilkins and
195 l). Females have not been recorded biting and may presumably
be autogenous, although Sudia and Gogel (1953) reported that they fed on a
chick in the laboratory during the night. Eggs are laid on the water in tree
cavities, where they float on the meniscus, but how much drying they can
withstand is not known. In the southern USA alba is multivoltine, but in
Canada the number of generations is unknown . Larval development is slow,
even during the summer (Snow 1949,Breeland et al. 1961).

Breland

Distribution. North America, from Minnesota and Texas east to
Quebec and North Carolina.
Ortho pod

o

my i a

s ig n

itera (Coquillett)

Plate 69; Figs. 23 1, 233; Map 69

Culex signifer Coquillett, 1 896:43.
Orthopodomyia californica Bohart, 1950:399.

Adults. Female and male: Apparently indistinguishable from adults
of alba except by pattern of white scaling on wing veins as follows: in alba
most of Ro*, is predominantly white-scaled, but the base is not, whereas in
signifera most of Ro*, is predominantly dark-scaled, but the base is whitescaled, as is the base of adjacent Rr*r, thus accentuating the spots on Mr*,
and CuA, by doubling the area of white scales in the center of the wing;
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69.

Collection localities for Orthopodomyia signifera in Canada: o specimens

we examined.

basal half of vein A in alba white-scaled, whereas in signifera only the basal
third white-scaled.

Larva. Head capsule longer and narrower than that of alba, darkly
pigmented except laterally around eye; head setae more profusely branched,
longer than antenna; body with conspicuous reddish brown pigment dorsally;
setae of thorax and abdomen longer, finer, and laxer than those of alba;
metathoracic ventral seta short, two- to three-branched; abdominal segment
VI with a small irregular "tergite"; segments VII and VIII each with a
much larger sclerite; the sclerite on segment VIII encircling more than
three-quarters of the segment and emarginate along its posterolateral border
to accommodate comb scales; siphon longer than in alba,its seta 1-S more
profusely branched and longer than half the length of the siphon; saddle
uniformly pigmented.

Biology. Orthopodomyia signifera is, like the preceding species, a
very recent addition to the Canadian fauna as a result of an intensive survey
of tree cavities in southern Ontario (Smith and Trimble 1973). As in alba,
larvae of signifera usually inhabit rot cavities in trees but they have also
been reported from various shaded artificial containers that were filled with
organic debris (Masters 1953, Good 1945, Michener 194'1. Love and
Goodwin 1961). Grimstad (1977) reported that larvae of this species were
most often found in clear water in beech cavities, in contrast with larvae of
alba, which preferred dark coffee-colcred water rich in organic matter.
Most authors agree that signifera overwinters in the larval stage and that
the larvae cannot withstand freezing (Baker 1936, Matheson 1944, Snow
1949). However, Price and Abrahamsen (1958) consider that, in Minnesota,
signifera may also overwinter in the adult or the egg stages. The overwintering stage of signifera in Ontario is not known, and data on the minimum
temperatures reached within the liquid in various tree cavities in Ontario
has not been determined. In Georgii, Jenkins and Carpenter (1946) found
that larvae continued their development during the winter when exposed to
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little as I hr of light per day, and there appeared to be no true diapause,
the larvae overwintering as second, third, or fourth instars. In New York,
however, larval development was curtailed by short photoperiod, but growth
resumed when larvae were reared at 16 hr of light and 8 hr of darkness.
as

According to Brooks (1946), adults mated and oviposited successfully
without any food other than the water available to them in the larval rearing
pans. Because many authors have been unsuccessful in getting fer'nales of
signifera to take a blood meal, they have concluded that the females did not
feed. However, by offering them an immobilized bird during the night, Love
and Goodwin (1961) succeeded in obtaining a few blood-fed females of
signifera. Chapman (1964, as californicc) obtained engorgement on chickens and on pads of citrated chicken and rabbit blood.
Eggs are laid singly, each covered with a gelatinous "veil marked by
radial folds" (Dyar and Knab 1906c), on the inner surface of the tree cavity

or container either on the water (Horsfall 1937) or at the water's

edge

(Breeland et al. 196l). Chapman (1964, as californica) found eggs above
the waterline on partly submerged paper or leaves; newly hatched larvae had
to wriggle down to the water surface.

Adults were collected while they were resting on tree trunks near their
breeding sites (Dyar 1922b). Males apparently do not swarm.

Distribution. North America, from North Dakota and California east
to New York and the West Indies.

Genus Pso r o ph ora Robineau-Desvoidy

Adult. Small to very large; female palpus short; male palpus exceptionally elongate, usually exceeding proboscis by length of last two palpomeres; junction of second and third palpomeres of male bare of scales,
thus usually appearing paler; postocular setae numerous, in most species
usually arising close to eye margin, but farther away in ferox, exposing a
broad area of bare integument; vertex with both recumbent and erect scales;
acrostichal and dorsocentral setae present but rather short and recumbent;
spiracular setae present, sometimes only one or two; postspiracular area
more or less covered with scales and short setae; upper rnargin of katepisternum scaled to anterodorsal corner (as in many Aedes but not other genera):
legs, especially hind legs, of each of our species distinctively ornamented,
either by erect scales, white bands, or both; tarsal claws simple in the
subgenus Grabhamia, with long subbasal tooth in the other two subgenera;
calypter fringed; abdomen of female tapering; cercus slender and elongate,
prominently exserted; gonocoxite almost parallel-sided, with neither basal
nor apical lobes; gonostyle S-shaped, with recurved apex bearing small
peg-like spinule; claspette present, its stem expanded and highly elaborate
apically, with more than one apical appendage or filament that may be
setiform. blade-like. or flattened and convoluted.
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Larva.

Saddle completely encircling anal segment, with the anterior-

most setae of ventral brush or precratal setae arising from within saddle;
siphonal seta l-S arising distal to pecten teeth; otherwise as in Aedes.

Remarks. As in Culiseta, the Canadian species belong to three subgenera that are reasonably distinct; the subgenera are referred to in the
keys. Diagnoses of subgenera are not given because we lack the material.

Biology. This genus is found only in the New World, and its members
are mostly South Temperate and Tropical. The species all appear to be
associated in the larval stage with temporary summer rainpools. The eggs
are deposited on the damp or dry mud after the poois have almost
disappeared. The eggs remain viable until they are reflooded in warm
weather, sometimes after months or years have elansed.
Key to the subgenera and species of Psorophora of

Canada-adults
1.

Postpronotum, submedian stripe, and lateral area of scutum bare; scutum with
median stripe of gold scales, sublateral area of white scales, and on its posterior
half a dorsocentral stripe of black scales; palpus about one-third aJ long as
proboscis; tibiae and apices of femora and tarsomeres with dense, long, erect,
shiny scales (resembling chenille); claspette stem of male with abruptly expanded apex bearing one sickle-shaped claspette filament and numerous, recurved,
unbranched setae (Fig. 2356); gonostylus of male slender throughout its length,
with short setae along median edge (Fig. 235c) (subgenus psorophora) ciliata
Postpronotum and scutum evenly clothed with scales, which tend to be uniform in

color, not contrasting as

in ciliata;

palpus about one-quarter as long

as

proboscis; leg scales shorter and recumbent; claspette stem slightly expanded at
apex, bearing feathered or flattened straight setae (Figs. 236b-238b1; gonostylus slender basally and apically, strongly broadened and reticulated in middle,
broadest at apical third, with one or two setae along medial edge (Figs.

236a-238a)

. . .

.....2

2. Proboscis, palpus, legs (except last two white-scaled hind tarsomeres), wing, and
abdomen predominantly dark-scaled, with purple iridescence; all tarsal claws of
both sexes with pronounced subbasal tooth; claspette stem with subapical group
of medially directed, slightly sinuous, apically feathered setae, and apical group
of three filaments, one flattened with pointed recurved apex, one smali and
spatulate, and one contorted, encircling the other two (Fig. 236b) (subgenus
Janthinosoma) ....
........ferox
Middle third or more of proboscis pale-scaled, with contrastingly dark-scaled
apex and base; tarsomeres each with basal rings of white scales; wing and
abdomen with mixed pale and dark scales; all tarsal claws of female and hind
claws of male lacking subbasal tooth; claspette filament with rounded, dorsally
reflexed apex bearing a palmately arranged row of five to seven setae (Figs.

237b,238b)(subgenusGrabhamia)

. .

..

3

3. Basal hind tarsomere with two rings of white scales, one at base, the other at mid
length; white wing scales randomly distributed over wing veins; apex of claspette
stem bearing six or seven flattened btade-like setae and one feathered hair-like
seta (Fig. 237b). . .
.... .columbiae
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Figs. 235-238. Dorsal view

of male of

237

signipennis

columbiae

Psorophora species:

a,

gonostYlus; b,

claspette.

Basal hind tarsomere mostly pale-scaled; scales of distal half of costa, subcosta,
and radius grouped into alternating transverse bands of pale and dark scales;

apex

of

claspette stem bearing five

or six slender cylindrical

setae (Fig.

stS,ntpennrs

238b)

Key to the subgenera and species of Psorophora ot
Canada-f ou rth-i nstar larvae
l. Head large, quadrate, with the labral brushes widely separated on prominent

anterolateral angles ofhead (Fig.34); pecten teeth l8 or more, each terminating in a hair-like apex; siphon parallel-sided; siphonal seta l-s represented by
. . .. . . ".ciliata
oni long hair (Fig. 37) (subgenus Psorophora)
Head smalldr; rounded, with the labral brushes not elevated on anterolateral
corners of head (see Fig. 36); pecten teeth six or fewer, without hair-like apex;
siphon inflated; siphonal seta l-S minute, mutliple, arising near distal third of

2
... .
siphon (Fig. 38)
b.un"tt.r; siphonal seta 1-S about as
2.Headsetae 5-C uno o-C t"iifr i;;;o;;;."
....columbiae
long as apical width of siphon (subgenus Grabhamia)
Head setae 5-C and 6-C single to triple; siphonal seta 1-S minute, less than half
3
.. .
as long as apical width of siphon.... . ..
3. Antennie shorter than length of head (subgenus Grabhamia) ..............signipennis
Antennae longer than length ofhead (subgenus Janthinosoma) . " ""ferox

P

so r o ph o r a c i I iata (Fabricius)

Plate 70; Fig. 235:' MaP 70

Culex ciliatus Fabricius, 17 94:401.
Culex moleslas Wiedemann, 1820:7.
Culex rubidas Robineau-Desvoidy, 1827 :404.
Culex boscii Robineau-Desvoidy, 1827 :413.
Culex contenens W alker, 1856:427 .
Psorophora ctites Dyar, 191 8: I 26.
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Adult. Female: Large; integument yellowish brown;

proboscis,

palpus, apices of femora, tibiae, mid basitarsus, and most of hind tarsus with
broad, dark, erect scales that greatly increase apparent width of the
appendage; head rather elongate, with extensive vertex clothed with flat
white scales; erect scales of vertex short, stout, and truncate, like small erect
setae; scutum with median stripe of yellow scales; submedian stripe bare and

shining; dorsocentral stripe of black scales narrowest anteriorly, sometimes

absent, widest just in front of suture; sublateral area white-scaled; anterolateral edge of scutum in front of transverse suture bare and shining; scutal

setae rather short and recumbent, numerous

but inconspicuous; postpronotum bare and shiny; spiracular setae few, small, and dark; postspiracular area covered with small pale scales and hair-like setae; hypostigmal area,
lower margin of subspiracular area, upper edge of katepisternum to anterodorsal angle, and upper half and anterior margin of mesepimeron with small
whitish scales; wing veins dark-scaled; abdomen shiny brown, sparsely
clothed with inconspicuous brown scales and hairs.

Male: Palpus longer than proboscis by almost the length of last two
palpomeres; distal three-quarters of third palpomere with ventral fringe of

long setae; fourth and fifth palpomeres densely fringed with long setae;
coloration of scutum and leg ornamentation as in female; gonocoxite long,
narrow, parallel-sided; gonostylus slender, median surface with hair-bearing
tu.bercles, apex recurved, bearing apical spinule; claspette stem capitatel
with expanded apex bearing numerous anteriorly directed hairs and a
flattened sickle-shaped filament.

Larva. Large, up to 10 mm long; antenna short, less than half as long
as head; head large, quadrate, labral brushes widely separated on prominent
anterolateral corners of head; head setae minute, 5-C and 6-C branched
beyond middle, their bases not forming a straight line with base of 7-C;
clypeal margin concave anteriorly; comb scales in a broad arc; pecten teeth
numerous, each with long hair-like apex; siphonal seta 1-S one long hair.

Biology. The larvae of Psorophora ciliata are predaceous in the
second, third, and fourth instars, although the first instar appears to be
equipped to filter-feed in the usual way (Shalaby 1957). The overwintering
egg may not hatch until midsummer, under the same conditions of flooding
by heavy rainfall that favor hatching of Aedes vexans and Aedes trivittatus.
Larvae of these latter species are probably the main prey of ciliata, although
tadpoles also serve as prey (Breeland et al. 196r)- Larvae of ciliata feed
voracio_usly and may consume dozens of vexans larvae during their development. Larval growth is even faster than that of vexans: Breeland and
Pickard (1963) recorded hatching within 2 hr,larval maturation in 90 hr,
puoation in 120 hr, and emergence in 144 hr. Breeland et al. (1961)
collected ciliata larvae in open grassy pools, marginal woodland, and
shrubby areas in association with larvae of vexans andvarious other species

of Psorophora.
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examined, A literature records.
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Adult females are avid biters day and night; they are said to prefer
livestock (Breeland et al. 1961). They are reputed to be abre to bite thiough
heavy clothing. Few eggs are laid. chapman and woodward (1965) recorded an average of 3l eggs laid after the first blood meal, with a total of 90
per lifetime (Breeland and Pickard 1963). The eggs are presumably widely
scattered to prevent excessive larval populations. The number of generations

per year depends on rainfall.

Psorophora ciliata is a rare species in canada. Most specimens have
ontario, and a few have been Collected in the
Eastern Townships of southern Quebec.
been collected in southwestern

Distribution. central and eastern North America, central America,
and South America; South Dakota and New Hampshire south to ArgentinaPsorophora columbiae (Dyar & Knab)
Plate

7l; Fig. 237; Map 71

Janthinosoma columbiae Dyar and Knab, 1906a:135.
Janthinosoma floridense Dyar and Knab, 1906a: 135.
Janthinosoma texanum Dyar and Knab, 1906a:135.
Psorophora conJinnis, ofauthors, not Lynch Arribillzaga.

Adult. Female: Medium in size; integument dark brown; proboscis
on apical one-quarter, re-iinder yellowish-scalLd, with

brown-scaled

increasing number of dark scales toward base; palpus pale-scaled apically,
dark basally; postocular setae close to eye ma.gin; ueitex with whitish oi
pinkish recumbent scales and brown erect scales; pronotum and scutum with
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examined.

collection localities for psorophora corumbiae in canada:

.

specimens we

small, narrow brown scales and paler scales with a pinkish or mauve tint
forming a subtle pattern, the palir scales concentrated at middorsocentral
spot, along edge of scutum, and at prescutellar depression; pleural scales
white; femora brown-scaled with narrow white-scaled subapical ring, an
apicai dorsal white spot, and often other smaller white spotsj tibiae brownscaled with prominent longitudinal row of about l0 whiie spots on anterodorsal surface, and scattered white scales ventrally; basitarsi with narrow
basal white-scaled ring and another at mid lengthi remaining tarsomeres
each with narrow basal white-scaled ring exceptlast fore tarsJmere; tarsal
claws all simple, without subbasal tooth; wing veins with dark and pale
scales intermixed, but not with aggregations oipale scales forming distinct
spots; abdominal,tergites dark-scaled, each with apical triangle or transverse

band of paler scales.

Male: Proboscis with pale-scaled ring narrower than in female; palpus
longer than proboscis by length of fourth ind fifth palpomeres, brown-scaled
except for a patch of pale scales at base of each of fouitt and fifth segmenrs;
junction of second and third palpomeres bare of scares, exposiig pare
_
integument; most of third and al oi fourth and fifth palpomeres extensiiely
fringed with long setae; coloration and pattern of scalis on scutum, legs, ani
wings as in female; gonocoxite rather parallel-sided, with broad truncated
apex; gonocoxite s-shaped, broadest at mid length because of rounded
median keel, apex reflexed,_ bearing a small apical spinule and one subapical
hair; claspette stem expanded at apex, bearing six br seven long, flattened,
pointed, anteriorly reflexed apically pubesceni filaments, and Jne apically

plumose seta.

Larva. Antenna shorter than length of head; head setae 5-c and 6-c
each with four or more branches, their bases in a straight line with base of
7-c; siphon moderately inflated, with three to six wldely spaced pecten
teeth; siphonal seta l-S as long as apical diameter of siphon.
JJ+

Remarks. The name columbiae was only recently recognized for North
American populations of the confinnis complex (Belkin et al. 1970); the
name Psorophora confinnis is now applied to a South American species.

Biology. Psorophora columbiae was discovered in canada by one of us
18 June l9i4 near the base of Fish Point at the s'uthern end
of Pelee Island, Essex Co., Ont. The few third-instar larvae that were
collected, among larvae of vexans in a small muddy temporary puddle at the
edge of a field, were reared and two adult males were obtained.

(D.M.W.fon

In the southern IJSA, columbiae (as confinnis of authors) can be an
abundant and troublesome pest, especially in rice fields (Horsfall 1942), but
it is not likely to be important in canada. Like all Psorophara, it is a
summer species. The overwintering eggs hatch in early sumrner wherever

they are inundated with suitably warm rainwater runoff. There may be

several generations per season. Unlike ciliqta, columbiae larvile are filter
feeders in all four instars; at times columbiae larvae make up part of the
diet of ciliata larvae (Breeland et al. 1961).

Females seeking oviposition sites prefer short, rank vegetation; they do
not oviposit on bare mud (Horsfall1942).

Distribution. North America, from California and Mexico east to New
York and Florida.

P

so r o ph o r a

ferox (Humboldt)

Plate 72; Fie. 236; Map 72

Culex ferox Humboldt, l8l9:340.
Culex musiazs Say, 1829:149 (preoccupied by musicus Leach)'

Janthinosoma sayi Dyar and Knab, 1906c:l8l (new name for musicus
Sav).

Janthinosoma sayi Theobald, 1907:155 (new name of musicus Say)'

Adult. Female: Small to medium; integument dark brown; all scales
of proboscis, palpus, apices of femora, tibiae, tarsi (except last two hind
tariomeres), wing veins, and abdominal tergites dark with metallic purplish

iridescence; postocular setae arising some distance behind eye margin and
separated from it by shiny brown bare integumenl remainder of vertex

behind postocular setae with both recumbent and erect ytdlow scales;
scutum sparsely clothed with flat, broad, recumbent scales, yellowish laterally, dar[er medially; basal three hind tarsomeres and apices ,rf hind tibia
with long, shaggy, erect dark scales, suggestive of but not as conspicuous as
in ciliata; tarsal claws with long subbasal tooth; last two hind tarsomeres
and sometimes apex of third tarsomere white, including scales, hairs, and
integument, in striking contrast with remaining tarsomeres; apical abdominal tergites with a suggestion of paler lateral triangles.
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72.

Collection localities for Psorophora ferox in Canada:

.

specimens we

examined.

Male: Palpus longer than proboscis by fifth and most of fourth
palpomeres, brown-scaled, with pale bare internode between second and
third palpomeres; fourth palpomere only with a sparse fringe of'long setae;
apex of third and fifth palpomeres with two or three setae on each; scutum
sparsely yellow-scaled; hind tarsi as in female; hind claw with subbasal tooth
as in female; gonocoxite narrow, parallel-sided, with prominent ilpicomedial
angle bearing a few setae; gonostylus S-shaped, broadest near apex, the
convex inner flange displaced distally almost to recurved apex; claspette
stem with expanded apex bearing three flattened apically directed filaments,
of which at least one is contorted apically, and a group of long straight setae
with feathered apices directed medially.
Larva. Antenna noticeably longer than head (as in Aedes diantaeus);
head setae 5-C and 6-C usually double, occasionally triple, their bases in
line with base of 7-C; siphon strongly inflated, with three to five widely
spaced pecten teeth; siphonal seta l-S minute, much shorter than apical
diameter of siphon.
Biology. This species has been found only once in Canada, when
Hearle (1920) collected a female biting him in the woods near Jordan, Ont.,
on 3 August 1916. It may not even be a permanently established resident
species. Llke columbiae, ferox is more common farther south, but ferox is
not as abundant (Dyar 1922b). The eggs overwinter, hatching in spring
when the water temperature is above 10'C (Breeland et al. l95l). Larvae
are most often collected in temporary woodland rainpools or in potholes left
in stream beds rather than in fields or pastures (Lake 1963).
Females are diurnal biters, ceasing

their activities after dark

and

preferring to remain within forested areas (Michener 7947, Breeland et al.
l96l), although they have been taken in light traps (Love et al. 1963).

Distribution. Eastern North America, Central America, and South
America; from Minnesota and New Hampshire south to Argentina.
337

P sor

o

ph

or

a

s i g n i pen n i s

(Coquillett)

Plate T 3; Fig. 238; Map

7

3

Taeniorhynchus signipennis Coquillett, l9O4:167

Adult. Female:

.

Medium in size; integument medium brown; probos-

cis brown-scaled on apical quarter and basal quarter, but with intermediate
half pale-scaled; palpus with mixed pale and brown scales; postocular setae
close to eye margin; vertex, pronotum, and scutum clothed with small,
narrow yellowish scales; femora, tibiae, and basitarsi mottled with pale and
brown scales; remaining tarsomeres mostly pale-scaled, with apical bands of
brown scales; tarsal claws simple; basal half of costa with scattered pale and
dark scales, distal half with three pale-scaled spots separated by two

dark-scaled areas; remaining wing veins and abdominal tergites mottled
with pale and dark scales.

Male: Palpus longer than proboscis by length of last two palpomeres;
second, third, and fourth palpomeres each with a narrow basal ring of pale
scales and a broader middle region mottled with pale and dark scales; apex
of third, fourth, and fifth palpomeres fringed with long setae; coloration of
wings and legs paler but similar to those of female; claspette stem expanded
apically, bearing about five seta-like filaments.
Larva. Antenna shorter than length of head; head setae 5-C and 6-C
usually single, sometimes double or triple, their bases forming a straight line
with base of 7-C; siphon moderately inflated, with four to six small pecten
teeth, becoming progressively larger distally; siphonal seta l-S minute,
shorter than apical diameter of siphon.
Biology. Like ferox, signipennis is known in Canada from only one
adult, a male collected near Regina, Sask., on 8 July 1942 (Rempel 1953).
It is primarily a species of the Great Plains, where its larvae develop rapidly
during summer in temporary rain-filled pools. There may be several generations per season, as in columbiae and ferox. Carpenter and LaCasse (1955)
list collections of signipennis from Montana and North Dakota, and it
probably occurs sporadically in southern Saskatchewan and Alberta, where
adults would be easily overlooked among much larger numbers of similarly
colored Aedes dorsqlis and Aedes campestris.

Distribution. Central North America, from southern
south to Mexico.
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Collection localities for Psorophora signipennis in Canada:

.

specimens

we examined.

Genus

U ranotaenia

Lynch Arribillzaga

Adult. Small; palpus minute in both sexes; proboscis usually enlarged
near apex; antenna of male strongly plumose; vertex covered with overlapping, flat, rounded, usually metallic scales; upright forked scales few,
confined to occiput, or none; antepronotal lobes separated; scutum with both
acrostichal and dorsocentral setae and usually with lines or spots of round,
flat, metallic scales; usually one spiracular seta; no postspiracular setae or
scales; postnotum bare; vein Rr*, longer than R, or Rr; calypter without
fringe; abdomen short, parallel-sided, truncate at apex; cercus of female
small, rounded, not exserted; male terminalia exserted, but not especially
prominent; gonocoxite globular; gonostylus minute, short, and slender with
small apical spine.
Larva. Head small in comparison with body, usually longer than
broad as in anophelines; head setae 5-C and 6-C usually thickened and
strongly sclerotized; comb scales usually arising along posterior edge of a
lateral plate on abdominal segment VIII; pecten teeth and siphonal seta l-S
present; each pecten tooth flattened, its entire free margin fringed with long
spinules; anal segment encircled by saddle, but not pierced by hairs of
ventral brush (seta 4-X); two pairs of anal papillae.

Biology. A large genus without subgenera that is nearly worldwide in
distribution. Most of the species are tropical and are especially numerous in
Africa and the Oriental region. Most larvae inhabit ground pools; those of a
few exotic species are restricted to "containers" such as pitcherplant leaves
(Nepenthes), crabholes, rot holes, and rock pools (Horsfall 1955). Adult
feeding behavior is poorly known; Uranotaenia lowii Theobald feeds on the
blood of frogs and toads (Remington 1945), and other species have been
collected that had ingested bird blood.
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lJ

ranotaenia sapphir ina (Osten Sacken)
Plate'74;Map 74

Aedes sapphirinus Osten Sacken, 1868:47.
(Iranotaenia coquilletti Dyar and Knab, 1906c:187.

Adult. Female: Integument medium brown, somewhat translucent;
palpus and proboscis dull brown scaled; one long postocular .seta arising
irom vertex at dorsomedial corner of eye and a second arising close to
uppermost eye margin; vertex, especially along eye margin. c'overed with
flai, rounded, brilliantly metallic sky blue scales; antepronotal lobe, a
median longitudinal linc on scutum, supraalar area of scutum, dorsal third
of katepisternum, and central area of scutellum with similar metallic sky
blue sciles forming an unmistakable pattern quite unlike that of any other
Canadian mosquito (Orthopodomyia also has an intricate pattern but the
scales are white, not metallic blue; Toxorhynchites is many times larger and
almost completely covered with metallic scales); remainder of scutum with
sparse shiny brown recumbent scales; vein Rr*. more than twice as long as
R, or Rr; wing veins, legs, and abdominal tergites covered with dull brown
scales except for a small spot of white scales on tergites 3 and 5 at
midposterior edge and at apex of each tibia dorsally.
Male:

Coloration including the bold pattern of metallic trlue scales as
in female. Antennae long plumose. With Aedes cinereus an<l Wyeomyia
smithii, the only male mosquito in canada in which the palpus is no longer
than that of the female.

Biology. This species is evidently rare in canada. The few

specimens

present in the Canadian National Collection were all collected in light traps.
We have not found larvae in spite of extensive searches, although they are

reported as occurring with those of Anopheles in sunlit permanent ponds
thit have abundant emergent and floating vegetation, particularly Spirogyra or duckweed (Lemna sp.) (Smith 1904, Carpenter and LaCasse 1955,
Barr 1958, King et al. 1960). Larvae rest parallel to the water surface and
can be mistaken for Anopheles (Dyar 1928)'
Females overwinter in caves and other shelters (Lawlor 1935, Breeland
protected situations
(carpenter et al. 1946). Eggs are laid in floating rafts similar to those of
iulex and Mansonia (Dyar 1922b). The reported feeding habits of the
females are contradictory. According to Breeland et al. (1961), they land on

et al. l96l); they rest during the day in similar

the skin but do not attempt to bite. Mitchell (1907) claimed that "they bit
but once and laid one raft, averaging 41 eggs. . . ." Females are capable of
flying long distances. Some females were captured in light traps on the
Atlantic Ocean, 13 km from shore (King et al. 1960).
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Uranotaenia saPPhirina

Map

74.

Collection localities for Ilranoteania sapphirina in Canada:

.

specimens

we examined, A literature records.

Distribution. North America, from North Dakota

and Mexico east to

southern Quebec (Twinn 1949) and the West Indies.

Genus Wyeomyia Theobald

Adult.

Small; palpus minute in both sexes; antenna of male reduced,
hardly distinguishable from that of female; one long postocular seta arising
from vertex at dorsomedial corner of eye and projecting forward over eye
junction; scutum uniformly covered with dull brownish gray scales, without
setae except at margins; spiracular setae present; postspira'cular setae
absent; postnotum with a few setae in middle near posterior rdge (sometimes obscured by halteres), the only Canadian species so adorned; calypter
without fringe; abdornen parallel-sided, truncate at apex; male terminalia,
though withdrawn into abdominal segment VIII, at least partly visible in

pinned material; gonostyli of many species, including the one Canadian
species, elaborately ornamented with secondary flanges and processes at
apex; lobe of ninth tergite usually bearing spine-like setae, some of which
may have enlarged secondarily toothed apices; claspette absent.
Larva. Comb scales usually arranged in a single transverse row,
occasionally arising from a lateral sclerite; siphon lacking pecrten teeth or
siphonal seta l-S, but with numerous scattered single or branched setae;
saddle not encircling anal segment; lateral and dorsal setae l-X, 2-X, and
3-X of anal segment all very long, subequal in length, single or with few
branches; ventral brush (seta 4-X) reduced to a single, long, branched seta,
not connected to its opposite number by a bar.

Biology. The genus is predominantly neotropical, where a large
number of species are known. As larvae they inhabit the rainwater that
collects in the ensheathing leaf bases of bromeliads and aroids; in the flower
bracts of Heliconia (Musaceae), Calathea (Marantaceae), and other large

plants; and in broken bamboo internodes, rot holes, and occasionally even
containers. Eggs are laid singly within the cavity. Adults fly during
the day and usually do not stray far from their larval habitat. Most of the
species except smithii take blood.

lrtificial

343

Wyeo my ia sm it h i i (Coquillett)
Plate 75; Map 75

Aedes

smithii Coquillett, 19}l:260.

Adult. Female: Integument of body black; proboscis, palpus, vertex,
dorsal surfaces of femora, tibiae, tarsi, wing veins, and dorsum of abdomen
covered with black scales, which may appear vivid metallic blue when
viewed end on; scutum completely clothed with dark brownish or dark slate
gray scales that may appear paler but not metallic blue when viewed end on;
lower half of head behind eye, antepronotum, postpronotum, all of anepisternum, most of katepisternum, mesepimeron, coxae, undersides of femora,
and venter of abdomen with round, flattened, silvery scales; cercus palescaled, short, rounded, and not exserted.
Male: Indistinguishable from female except by examination of terminalia; gonocoxite unornamented; gonostylus enlarged apically, with two
subapical processes.

Larva. Almost transparent in life, whitish when preserved; head capsule weakly sclerotized; thorax quadrate; thoracic and abdominal setae long
compared with size of body; dorsolateral and ventrolateral abdominal setae
(series I and 13) stellately branched; comb scales 4-16, all the same length,
in a single transverse row;

siphon transparent or lightly sclerotized with
darkened apex; siphonal setae all single; anal papillae one pair, about as
long as anal segment.

Biology. Larvae have been collected only in the water-filled leaves of
the pitcherplant, Sarracenia purpurea, where they presumably feed on the
decayed remains of insects and other detritus that collect at the bottom of
each leaf. The species occurs almost everywhere that the pitcherplant is
found in Canada except northern Alberta and adjacent British Columbia
and the Northwest Territories. They spend most of the year in the larval
stage. Larvae can be found at all times of the year, even in midsummer
when adults are present. Although larvae spend up to 7 months encased in
ice in the frozen cores within pitcherplant leaves, Smith and Brust (1971)
found that larvae could not withstand a constant laboratory temperature of
-10"C fbr more than 2 or 3 months. Even at -5oC no larvae survived for
more than 4 months; therefore Smith and Brust concluded that an adequate
snow cover was essential for larval survival. During the five coldest months
at Pinawa, Man., Evans and Brust (1972) measured an average ground
temperature during the five coldest months of -3.7'C in a sphagnum bog
under the snow; they found that even under these field conditions larval
mortality was 457o.
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Map 75. Collection localities for Wyeomyia smithii in Canada: . specimens we
examined;
literature records; shaded area shows approximate distribution of
pitcherplant, from Evans (1971).

Larvae overwinter as third instars in diapause (Smith and Brust l97 l).
Diapause is induced in eggs and in early instars by exposure to a daylength
of 14 hr or less (Evans and Brust 1972). Development is arrested in the third
instar, which ceases growth even if held at high temperatures for several
months (Smith and Brust l97l). Subjected to less than 14 hr of light per
day, larvae remained indefinitely in diapause. At l4 hr 30 min of light per
day, 207o of the larvae proceeded to pupation. At 15 hr daylength for as
short a period as 5 consecutive days, all diapausing larvae resumed development. Once diapause had been terminated by 8 days at 15 hr daylength it
could not be reinstated by subjecting the larvae to shorter days again (Smith
and Brust l97l). When in diapause,larvae do not ingest food, although they
may appear to do so (Evans and Brust 1972).

Larval development is also curtailed by temperatures below lOoC
(Smith and Brust l97l). In Manitoba, therefore, development in spring
would be inhibited by such temperatures for 4-6 weeks after daylength had
become long enough to terminate diapause (Evans and Brust 1972). Development from termination of diapause to pupation at l5oC requires more
than 50 days. Even at 20"C, it requires an avera1e of 16 days. In the
northern part of its range, there is probably not enough time for more than
one generation. Judd (1959) reported two annual generations at London,
Ont. The ovaries are exceptionally well developed at emergence, being at
stage IIb to IIIa with half the yolk already formed rather than stage I
(Smith and Brust 1971). This first ovarian cycle may be completed on water
alone, using reserves already laid down in the fat body. Carbohydrates are
not required for egg development but they will prolong adult life (Price
19580); they are unnecessary if the larval diet is rich (Smith and Brust
l97l). Thus, females of Wyeomyiq smithii are probably among the few
fully autogenous mosquitoes known, because no blood feeding has ever been
recorded. Despite this, Hudson (1970) has shown that the maxillary blades
are toothed and that the mouthparts of female smithii appear to be fully
346

capable of taking blood. After the first cycle is completed, the penultimate
follicles do not degenerate, but contain small quantities of yolk. It is possible
that females could, at this time, seek a protein meal.

In midsummer, both males and females may be found flying close to
the bog surface in the vicinity of their host plants during the day. Males

have no modifications for swarming, and their antennae are scarcely different from those of the females, having significantly fewer sensilla of all types
than other species (Mclver and Hudson 1972).

Eggs are laid singly, at night, inside dry newly opened pitcherplant
leaves (Mitchell 1907, Dyar 1922b). They hatch when rainwater collects in
them.

Distribution. North America, from

Saskatchewan and Illinois east to

Newfoundland and Delaware.
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Species potentially occurring in or
incorrectly recorded from Canada
The following is a list of species that have been recorded in states of the
USA that border on canada (except for New york, which has a distinct
southern and coastal element in its flora and fauna that is unlikely to occur
in canada) but are not known to be represented by authentic canadian
specimens or, as in the case of idahoensis, are noi recognized by us as
separate species.

Anopheles crucians wiedemann. vena.rd and Mead (1953) recorded this
species as rare in ohio. Adults have pale spots on their wings as in
punctipennis but none on the costa except at its apex.

Anopheles occidentalis Dyar & Knab. As explained under Anopheles
earlei previously, we believe that all canadiin records of occidintalis

and possibly those of Washington State as well are earlei.
Aedes idahoensrs (Theobald). See Aedes spencerii.

Aedel niphadopsis Dyar & Knab. Though recorded from canada by
Pucat (1965) and steward (1968), the specimen on which this was
based was a misidentified example of dorsilis. Gjullin and Eddy (1g72)

show no records of this species north of southern Idaho.
Aedes nevadensis chapman & 8a... Ellis and Brust (1973) suspected that
a few larvae from southern Manitoba belonged to ihis species, but these

specimens were lost. These authors also recorded ipecimens from

southern washington state. The species is closely relateb to communis.
The comb scales of the larva usually have one,-often two, long apical
spines that are more than twice as long as the shorter adjacent rpinul"r,

whereas those of communis are rounded and fringed apicaliy with
subequal spinules. Adults are scarcely distinguishable from tliose of
communis except by population analysis (see Ellis and Brust 1973).
Aedes punctodes Dyar. Although Gjullin et al. (1961) treated this as a
!{n-ony]n of punctor, it is usually regarded as a separate species (Knight
1951, Frohne 1953a, carpenrer and Lacasse 1955). It is-closely'relaied
to punctor from which it can be distinguished only in the larval stage,

being smaller, with short anal papillae, and lacking a completiy
encircling saddle in the last instar. It occurs in pacific coastal sali
marshes of Alaska but has not yet been collected on the coast of British

Columbia.
Aedes tormentor Dyar

& Knab. This distinctively marked, dark-legged
its northern limit in ohio (venard and Mead 1953).
Adults have a broad, pale-scaled middorsal stripe on the scutum

species reaches
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flanked by brown scales. The last-instar larva is found in summer
rainpools; it resembles that of trivittatus except that the pecten teeth
extend distal to the siphonal seta l-S'
Aedes ventrovittis Dyar. This species has been recorded from Chelan Co.,
in the high Ciscades of northern Washington, sou-th of .Manning
Provincial-Park, B.C. It should be expected to be found in British
Columbia. This small, dark alpine species seems to be rather close to
impiger. Adult females resemble and could easily be ntistaken for
iip;ger except thatventrovitlis lacks lower mesepimeral setae. Recently,'B'ickley (igZO) identified as venyovittis a larva collected at Cantwell, Alaska, by Frohne in 1954' We have not seen specimensof larvae
but'the description suggests that of impiger except -that the distal
pecten teeth are mo."-iid"ly and unevenly spaced (Carpenter and
LaCasse 1955).

Culex boharli Brookman & Reeves. Gjullin and Eddy (1972) listed the
most northerly record for this species as Lincoln Co', in east central
Washington, but it is not impossible that boharti may be discovered in
the Okinagan Valley of central British Columbia. It is closest to
territans in all respects and can be readily distinguished from that
species

only by the male terminalia. According to carpenter and

iaCasse (tbSSi, the abdominal segment IV of the larva is less pigmented than the adjoining segments, the pale scales on the female vertex are
yellowish rather tha-n alhy white as in territans, and, in the male, the
"bridge
connecting the two halves of the aedeagus is broader.and closcr

to the up"*,

un-d

the distal appendages of the subapical lobe are

setiform, not flattened, and lack serrated edges'

culex eftaticus (Dyar & Knab). carpenter and Lacasse (1955) recorded
this species irom Michigan and Ohio. the larva with its head seta 6-C
single or double would key to territans in our key, but eaclh comb scale
has-a long spine-like aperand short subapical spinules, whereas that of
territans is rounded and apically fringed with subequal spinules. The
larval body integument is covered with minute hairs. In the male, the
subapical ioUe o'f the gonocoxite is split into three long arms, each
bearfng one or more apical appendages. The scales of wing vein R" in
the feirale are broadened, the vertex usually having broild appressed
scales dorsally and pale scales on the abdomen forming basal rather
than apical bands or sPots.
Culex peciator Dyar & Knab. This species is similar to erraticus and, like
it, has been iecorded from Michigan. The larva of peccotor also has
minute integumental hairs over thi body, like erratic.us, and rounded
fringed com-b scales, like territans. However, the head seta 5-c is very
shoit, less than hall as long as seta 6-C. In the male, the gonostylus is
rounded, with bifurcate apex, unlike that of erraticus of territans. The
female is apparently inseparable from erraticus, but may be easily
distinguishei from territart by the presence of basal rather than apical
pale-scaled abdominal bands or spots.
of
Culeix p,eus Speiser (syn. Culex stigmatosomaDyar). ,N-ot found north
southern^washington state (Gjullin and Eddy 1972), adults of this
349

species would be most easily mistaken for tarsalis, because the tarsi
and proboscis are similarly banded with white scales. However, the
anterodorsal surface of each femur and tibia lacks the longitudinal line
of white scales characteristic of tarsalis. The larva afpears to be
scarcely distinguishable from that of pipiens except thai ln peus the
spicules along the distal margin of the saddle aie rarger and more

conspicuous.

Culex salincrias coquillett. Twinn (r94s) recorded this species from
Nova scotia but there are no specimens of sarinarius from canada in
the canadian National collection, ottawa, and we suspect that Twinn
misidentified specimens of pipiens as this species. Foi distinguishing
characteristics of the larva, see tnder culex-pipiens. Adult females oT
salinarius are more reddish than pipiens, and the transverse basal
abdominal pale-scaled bands are yellowish and poorly differentiated
(they may be absent also in female pipiens), Thi best distinguishing
character is the lateral arm of the male paraproct, which is long and

curved distally, even more pronounced than in resluans.
Culiseta particeps (Adams) (syn. Culiseta mqccrackenae Dyar & Knab).
Larvae presumed to be this species were recorded from southeastern
Alaska by Frohne and Sleeper (1951). However, Gjullin et al. (1961)
pointed out that this identification may be doubtful, because the species
is otherwise known only from southwestern Oregon. More recently,
however, the species was recorded from Jefferson Co., northwestern
Washington State, by Myklebust (1966, cited in Gjullin and Eddy
1972). A larva from Ketchikan, Alaska, collected in 1949 by Frohne
was also identified as particeps by Bickley (1976).
Although this species belongs to the subgenus culiseta and the adults
would probably key to alaskaensis in our key, the femora have a
narrow subapical ring of pale scales. The saddle of the larva has a
group of conspicuous spicules dorsally at its apex, and the mesothoracic
seta 1-M is elongate and two- to four-branched, unlike anv other larvae

of Culiseta.

spp. venard and Mead (1953) recorded four species of psorophora: cyanescens, discolor, ho*ida, and varipes frorn ohio. All were
rare in that state and are unlikely to occur in banada. Also p. horrida
has recently been recorded from southern Michigan (zaim et al. 1977).

Psorophora
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GlossarY
The cylindrical portion of the body behind the thorax composed
abdomen
--of iO segments in adults (Figs.9, 10) and larvae; each segment is
numbered in Roman numerils, beginning with the anteriormost.
Abdominal setae of the larva are also numbered (see p' 4l

)'

acrosticha|setaeAratherweak,irregular,longitudinalrowofsetae

arising on the scutum along the midline (Fig' 5)'
(Fig'
acus A s"mall sclerite at or nEar the proximal margin ol' the siphon
I

80).

partly or completely.encircling the male
aedeagus
----g"""it"f A single median sclerite
organ (Figs' l0' l1)'
intromittent
an
as
serving
duct"and

allop"atric Species or popJlations whose distributions do not overlap.
p"pill"e' Paired outgrowths of the-.rectum of the larva that project
"""i eitirnally through thJ anus (Fig. l6) and serve as regulators of water
is inversebalance in the blood (osmoregulition); generally their len6;th
ly
correlated with the salinity of the larval medium'
-'".1n
(abbr., A) The posieriormost vein of the wing (Fig. 7); of
"o"t taxonomic importance oniy in Orthopodomyia (Figs' 231-' 2Y)'
anautogenous) The inability of an adult female to
anautogeny
-- p.6aut" (adj.,
a
eggs without"a blood meal, that is, the state of requiring
blood meal for egg Production'
from
anepisternal cleft ,{iu..o* membrane tapering ventrally' extending
(Fig. a).
katepisternum
the
of
cornei
anterodorsal
to
the
wing
base
the
The upper half of the episternum divided into an anterior
anepisternuri
---';;J a posterior
portion by the membranous anepisternal cleft; the
a
is
anterioi portion further iubdivided into a subspiracular area and
postspiracular area (Fig. 4).
r
antenna(pl.,antennae)ApairoflS-segmentedsensorl'appendagesaris-l|t dir itr" front of the head between the eyes and the clypeus (see also
scipe, pedicel, and flagellum) (Figs' 1, 2)'
and the
anteprocoxal membrane the membrane connecting the fore coxa
probasisternum (Fig. 3).
anteironotum The anierior division of the pronotum.separated from the
iatter by a transverse groove, forming a setose lobe behind the head and
anterioi to the postpronotum (Figs' 3' 4)'
apical lobe of gonocoxite A roundid flange-like extension.of the apical
dorsomedial corner of the gonocoxite; usually present in Aedes and
often armed with specialized setae (Fig' I l)'
apotome The diamond-shaped or shield-shaped dorsum of.the larval head
.

'capsule,outlinedlaterallyandposteriorlybyecdysallines,bearing
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externally head setae 4-c to 8-c and supporting internally the origins
of the large muscles that operate the labralbrushis.
autogeny (adj., autogenous) The ability in an adult female to produce eggs
without a blood meal. A species that does not take blood is obligatoiily
autogenous, whereas a species, or members thereof, that can produce a
few eggs without blood, though blood is normally required, are said to
be facultatively autogenous (Corbet 1964).

band Running transversely or encircling a segment, in contrast with

a

stripe, which runs longitudinally; usually referring to the abdominal or

leg segments.
basal lobe of gonocoxite A variously shaped process, usualry bearing long
setae, on the proximal medioventral corner of the gonocoxite (Fig. I I
).
bivoltine capable of having two generations per year lsee also univoltine
and multivoltine).
bifurcation Separation or branching into two parts.
bog A water-holding depression that has bicome partly or completely

filled in with peat (which is largely undecompoied sphagnum--orr)
that supports a carpet of living sphagnum, a variety oi ericaceous

shrubs (such as leatherleaf, laurel, blueberry), and in drier areas, black
spruce and tamarack. water-filled depressions are usually acid and
support a characteristic mosquito fauna. In the north, most of the flat,
low-lying terrain is covered with this type of vegetation.

calypters) A scale-like lobe behind the base of each wing,
folded longitudinally when the wing is folded forming the upper and the
lower calypters (Fig. 7); the lower calypter is scaicely developed in
mosquitoes, but the upper one is much larger and iis peripliery is
fringed in most genera (Fig. 26).
cercus (p1., cerci) A paired process at the apex of the abdomen; in
mosquitoes, present in the adult female only, lost in the larva and in the
calyp^ter_ (p1.,

adult rnale; elongate and slender in psorophora and most Aedes,

-

rounded and pad-like in other genera (Fig. 9).
best developed in the adult that lies between the bases
of the mouthparts, in front of the true mouth, and serves as a sucking

cibarium A cavity

pump for drawing liquids up the canal formed by the labrum;

it ii

activated by muscles inserted on its dorsal surface tirat orieinate on the
clypeus (Snodgrass 1959, p. 60).

claspette An appendage of the gonocoxite, arising from its medial antero-

ventral corner, that may be lobular (in Anopheles) or slender (in Aedes
and Psorophora), usually crowned apically with setae or one or more
filaments (Fig. I l).
clypeus A plate or shield on the anterior median aspect of an insect's head
that bears the labrum on its anterior margin; internally the clypeus
supports the muscles of the cibarial pump.
comb or comb scales A patch or transverse row of flattened, thorn-like
outgrowths of the integument on each side of abdominal segment vIII
of the larva; their shape and number is often species-specifii (nigs.4t,
42, vertical arrows).
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costa (abbr., C) The thickened anterior margin of the wing, extending
from base to apex (Fie. 7).
coxa The basal segment of the leg, with which the leg articulates with the
thorax (Fig. a).
cranium (adj., cranial) The sclerotized capsule forming the external skeleton of the head of adult, pupa, and larva.
crossvein A short transverse vein connecting two major longitudinal veins
(Fig. 7), for example, the r-m crossvein connects the posteriormost
branch of the radius (Ro*r) with the media, and the m-cu crossvein
(sometimes called the base of Mo, see under media) connects the media
with CuA,. Crossveins lack scales except in Culiseta alaskaensis.
cubitus (abbr., Cu) The fourth of the five major wing veins, lying between
the media and the anal vein; branching at its base into a strong anterior

branch, CuA, which bifurcates again into CuA, and CuAr, and an
insignificant scaleless posterior branch, CuP, closely paralleling CuA
(Fie. 7).

diapause A physiological state in which development is temporarily arrested and normal metabolic processes are greatly curtailed that enables
the egg, larva, or adult to survive an unfavorably cold or dry period;
diapause apparently always takes place at a particular species-specific
stage in the life cycle in response to changing environmental conditions;
it is almost invariably obligatory.
distal (or apical) In reference to an appendage or extremitl', the part that
is remote from the body of an organism; the opposite of prroximal (or
basal).
dorsum, or upper surface; in special cases, such as
in the male terminalia that become inverted after emergence, the lower
surface of the apex of the abdomen is still referred to as dorsal in spite

dorsal Pertaining to the

of its apparently ventral position (see also ventral).
dorsocentral setae A usually well-defined paired longitudinal row of setae
arising on the scutum about midway between the midline and the
lateral edge (Fig. 5).
dorsocentral stripe A narrow stripe of scales lying on the scutum coincident with the dorsocentral setae and lateral to the submedian stripe.
dorsolateral abdominal seta Arising from a point about midway between
middorsal and midlateral, on the abdominal segments of the larva; this
seta is exceptionally well-developed on some segments in serreral species
of Aedes (Fig.

l6).

ecdysal line Line of weakness in the larval cuticle where splitting normally
occurs before molting.

encephalitis (also called encephalomyelitis, pl., encephalitides) One of
several related diseases of the central nervous system caused by
arboviruses, that is, arthropod-borne viruses.

epimeron The posterior portion of a thoracic pleural sclerite, separated
from the anterior portion (the episternum) by the pleural suture; hence
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proepimeron, mesepimeron, and metepimeron
thoracic segments.

for

each

of the three

episternum The anterior portion of a thoracic pleural sclerite separated
from the posterior portion (the epimeron) by the pleural suture; hence,
proepisternum, mesepisternum, and metepisternum for the three thoracic segments.

epizootic A rapid spread of disease among an animal population (analogous to an epidemic in the human population).

exserted Projecting beyond an enclosing organ or part.
femur (pI., femora) The thickest segment of the leg, proximal to the tibia.
fenestrated Having one or more transparent spots.
filament The apical seta-like or blade-like portion(s) of the claspette (Fig.
I

l).

flagellomere One of the segments of the flagellum (Figs. l, 2).
flagellum The elongate apical portion of the antenna, beyond the pedicel,
subdivided into l3 flagellomeres; in most mosquitoes much more elaborately setose in the male than in the female (compare Figs. I and 2).
follicle One of the many elongate tubular subdivisions of an ovary made
up of a series of cells, each of which is capable when stimulated of
developing into an egg. Only the most distal cell develops at one time,
typically following a blood meal.
fossa A cavity or depression.
frons The upper part of the front of the head between the antennae and
vertex; in mosquitoes, largely obliterated medially by the compound
eyes.

generation The complete cycle of egg, four larval instars, pupa, and adult.
gonocoxal apodeme An anteriorly directed internal strut for supporting
the paramere, arising from the proximal dorsomedial corner of the
gonocoxite (Figs. 10, 11); called "parameral apodeme" by Knight and
Laffoon (1971), although it is not an apodeme of the paramere.
gonocoxite The basal segment of the gonopod; always the largest element
of the male terminalia; usually cylindrical or conical in shape (Figs. 10,
I

l).

gonopod The two-segmented paired appendage that comprises the major
portion of the male terminalia, consisting of a basal gonocoxite and a
distal gonostylus.

gonostylus The apical segment of the gonopod, or clasper; usually long,
curved, and slender, bearing a peg-like seta at its apex (Figs. 10, I l).

hair(s), hairy Fine delicate seta(e).
halter (p1., halteres) A club-shaped appendage, representing the reduced
metathoracic wing, arising from the posterodorsal corner of the thorax
(Fie. 7).
holarctic Distributed in both North America and Eurasia.
hypopharynx In the adult mosquito, the "tongue," a slender median stylet
extending the length of the proboscis, bearing the opening of the
salivary duct at its apex; in the larva rudimentary, fused with the
labium.
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hypostigmal area A minute portion of the subspiracular area at its dorsal
extremity, just below the mesothoracic spiracle (Fig. a).
hypostomial plate The strongly sclerotized, toothed, triangular plate forming the anterior midventral margin of the head capsule of the larva,
t"hich rerues as an anvil against which the apical mandibular teeth
strike when the mandibles are closed (adducted)'
One of the stages of larval development, between molts, that is, the
first instar is that larval stage between hatching and the first molt, the
fourth (and final in the mosquito) is that between the third instar and

instar

the pupa.

integument The outer covering of an organism, which in insects is usually
in the form of relatively rigid (sclerotized) plates, or sclerites, interconnected by more flexible (membranous) areas.

map connecting points having the same mean
given
period.
a
for
temperature

isotherm

A line on a

katepisternal setae (upper and lower) A row of setae more or less interrupted (hence upper and lower) across the dorsal end of the katepisternum and extend-ing down along its posterior margin (the mesopleural
suture) (Fig. a).

A large convex sclerite, the ventral subdivision of the
mesepisternum, lying between the fore and mid coxae below and the
anepiiternum above, bordered anteriorly by the postprocoxal membrane and posteriorly by the mesopleural suture (Fig. a).

katepisternum

labium The lower lip formed by the fusion of the pair of head appendages

behind the maxifae (that is, the appendages of the last head segment);

in the adult, the outer trough-like part of the prob<lscis holding

the
the
between
and
concealed
reduced
remaining mouthparts; in the larva,

much larger maxillae.
labral brush A large mass of long setae arranged in tightly packed rows on
either side of the labrum of the larva that when adducted (folded
medially) capture food particles from the surrounding water (Fig' 13).
labrum The upper lip, a median unpaired flap above the mouth and
mandibles; in the adult, the uppermost stylet of the proboscis, whose
edges are rolled ventrally and medially to form a tube-like food canal;
in the larva, bearing the labral brushes and associated sclerites that are
the principal food-gathering mechanisms in filter-feeding (that is,
nonpredaceous) species.

lateral

Pertaining to either side of a bilaterally symmetrical organism.
lateral abdominal seta, lower A paired seta, series 7, arising just ventral to
the upper lateral seta.
leteral abdominal seta, upper A paired seta, series 6, usually the longest of
all abdominal setae, arising midlaterally from each of the first seven
abdominal segments of the larva (see discussionp.42).
lateral stripe The scales along the lateral edge of the scutum; in some
Aedes these scales are darker than those of the adjacent sublateral area

(Fie.6).
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line A longitudinal
narrow stripe).

row of scales, usually one or two scales wide (that is.

a

marsh An unshaded stagnant body of water,

sometimes surrounded with
shrubs, and usually supporting such emergent vegetation as cattails
(Typha), bur-reed (Sparganium), or sedge (barex).maxilla (p1., maxillae) The paired appendage behind the mandible; in the

adult female, sharp, stylet-like, ind apically toothed; in the larva,

pad-like and fringed with setae.
media (abbr., M) The third major wing vein, lying between the radius and
the.c-ubitus (Fig. 7), branching beyond the middle of the wing into M,
and M, (some authors have interpreted CuA, as containing a branch
(M.) of the media, others have denied the existence of -Mo in the
Diptera).
medial Direction toward the midline (in contrast with lateral).
median Pertaining to the midline of a bilaterally symmetricai organism.
median stripe A narrow middorsal longitudinai siripe of scalesloincident
with the acrostichal setae, usually paler in color than the scales of the

adjacent submedian stripes (Fig. 5).
mesepimeral setae, lower A row or group of well-developed setae arising
on the lower half of the mesepimeron just behind and parallel to the
mesopleural suture (Figs. 4, 83 a).
mesepimeral setae" upper A group of well-developed setae occupying the
dorsal portion of the mesepimeron, lying between the wing base and the
metathoracic spiracle.
mesepimeron The prominent sclerite of the mesothorax lying posterior to
the mesopleural suture and above the mid coxa (Fig. 4).
mesepisternum The entire pleural area of the mesothorax lying anterior to
the mesopleural suture, and further subdivided into a dbrsal anepisternum and a ventral katepisternum (Fig. 4).
mesomeron A small triangular sclerite posterodorsal to the mid coxa (Fig.
4).
mesonotum The dorsal surface of the mesothorax, which because of the
extensive development of this segment at the expense of the prothorax
and metathorax forms virtuaily the entire dorsum of the thorai.
mesothorax The middle thoracic segment, which because of extensive
development of the wing muscles is many times larger than the
prothorax or the metathorax.
metathorax The third segment of the thorax, lying just anterior to the
abdomen and bearing the halter (second pair of-wings), hind leg, and
metathoracic spiracle (Fig. 7).
microtrichium (p1., microtrichia) one of the minute fixed hairs on the
integument.
middorsocentral spot A paired group of pale-colored scales on the scutum
at the junction of the transverse suture and the dorsocentral row of
setae; most noticeable in Culiseta and Culex (Fig. 5).

multivoltine capable of having more than one generation per year
also univoltine and bilvoltine).
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(see

nulliparous Pertaining to a female that has not yet laid eggs (see

also

parous).

occiput The convex posterior surface of the head (Figs. l,
oocyte A cell that gives rise to an egg.

2).

osmoregulation Regulation of osmoticpressure.
ovarian cycle The cycle initiated by a blood meal, which stimulates the
production of a hormone resulting in egg development, ending in
oviposition.

ovarian development The formation

of an egg in each ovarian follicle

following a blood meal and the subsequent release of hormone.
oviposition The act ofdepositing eggs.
ovold Egg-shaped with the large end toward the point of attachment.

palpomere One of the three to five segments of the palpus (Figs. l' 2).
palpus (p1., palpi) A paired, slender, segmented appendage of the adult
head, arising on both sides of the base of the proboscis; in mosquitoes'
almost always longer and more elaborate in the male than in the female
(Figs.

l,2).

parsmere A paired appendage articulating on either side of the aedeagus
with the gonocoxal apodeme and supporting the aedeagus; reduced in
mosquitoes to a short bar connecting the aedeagus to an anterodorsal
apodeme (gonocoxal apodeme) of the gonocoxite (Figs. 10, 1 l).
-paratelgite A small oblong sclerite just below the lateral edge of the
sculum, anterior to the wing base and behind the mesothoracic spiracle

(Fig. a).

parous Pertaining to a female that has laid at least one batch of eggs.
pecten A regular row of dagger-like rigidly attached -sq!n9s' the pecten

teeth along each side of the siphon near its base in culicinae (Figs. 16,
37) or on either side below the spiracular openings in Anophelinae (Fig.
30).

pedicel The second and widest antennal segment, usually doughnut-shaped
(Figs.

l,

2); also called torus by some authors.

permanent Referring to a mosquito larval habitat that does not normally
dry up in summer.

pharynx The first part of the digestive tube behind the true

mouth,
equipped in the larva with a complex filtering apparatus for engulfing

food particles stuffed into it by the mouthparts, then retaining these
particles among rows of fine setae while water is expelled, analogous to
the baleen of a whale; in the adult, forming a muscular pump, for

imbibing nectar or blood (see also cibarium).

phenology The study of the sequence of appearance of each species in the
course of a season.

suture A reinforcement of the pleuron in winged insects, extending
from the wing base to the coxa and appearing externally as a vertical

pleural

depression.
side of a thoracic segment, between the dorsum above and the

pleuron The

venter below.
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plumos€ Finely branched or feathered, or with densely arranged whorls of
long setae, as in the male antenna.
pollinose Covered with submicroscopic outgrowths of the integument that
together form a "bloom" or pruinosity.
polyphagus Feeding on or utilizing many kinds of food.
postnotum The convex posteriormost part of the mesonotum, behind the
scutellum and in front of the narrow metanotum, bare of scales except
in llyeomyia (Fig. a).
postocular setae A row of setae arising on the vertex parallel to and just
behind the upper hind margin of the eye.
postprocoxal membrane The membrane connecting the fore coxa to the
katepisternum, bearing in some Aedes a taxonomically important group
ofscales (Figs.4,75).
postpronotum The posterior division of the pronotum, bordered anteriorly
by the antepronotum, dorsally by the scutum, and posteriorly by the
mesothoracic spiracle and the subspiracular area (Fig. 4).
postspiracular setae A taxonomically important group of erect welldeveloped setae on the postspiracular area (not to be confused with
scales that may also occur there) that are characteristic of Aedes and
Psorophora (Figs. 4, 22, and. 23 ps).
postsutural portion of scutum That portion of the scutum behind the
transverse suture and in front of the scutellum.
prealar setae A group of setae on the convex upper extremity of the
posterior portion of the anepisternum, directly in front of the wing base
and behind the anepisternal cleft (Fig. a).
prescutellar depression A concave area in the middle of the posterior part
of the scutum, usually without scales (Fig. 5).
presutural portion of scutum That portion of the scutum between the
pronotum and the transverse suture.

probasisternum

A

midventral sclerite between and anterior to the fore

coxae and below the neck (Fig. 3).

proboscis The long slender tubular bundle of stylets formed from the
mouthparts (labrum, mandibles, maxillae, hypopharynx, and labium)
of the adult (Figs. l, 2).
proclinate Directed forward.
proctiger The tenth segment of the male bearing the anus apically; in
Culicinae, sclerotized and variously modified as an accessory copulato-

ry apparatus partly enveloping the aedeagus (Figs. 10, I l).
prothorax The first segment of the thorax, bearing the first pair of legs
(Figs. 3,4).

proximal (or basal) In reference to an appendage or extremity, that which
is nearer the body of an organism; the opposite of distal (or apical).
pseudopod Leg-like appendage, absent in mosquito larvae but present in
larvae of some related families (such as Chironomidae, Simuliidae).

radisl sector (abbr., R") The posterior branch of the radius, which bifurcates again to become Rr*, and Ro*ri Rr*, again bifurcates into R, and
Rri Ro*, remains unbranched in mosquitoes (Fig. 7).
3s8

R) The second and thickest major longitudinal wing vein,
branching near the basal third of the wing into an anterior branch (R')
and a posterior branch, the radial sector (R") (Fig. 7)'
recumbent Of scales or hairs, lying flat, appressed to the surface of the

radius (abbr.,

integument.

row

Pertaining to the setae of the scutum, distinct from a stripe of scales.

saddle The tergite of the last (tenth) abdominal segment of the larva, oval
in the first three instars (and the fourth in Anophele,r and in most
Aedes), but usually encircling the segment in the fourth instar like a
cylinder (Fig. l6).
saddle seta Numbered 1-X, that is, the first seta on segment X of the
larva; the position of this seta, whether arising on the saddle or on the
membrane near its edge, is important in instar determination (Fig. l6
and discussion, p. 43)

scale A minute flittened seta arising from a microscopic socket; scales
may assume various shapes and colors and are sometimes iridescent;

they may be erect or recumbent (appressed to the integument).
segment of the antenna; in mosquitoes, grea-tly. reduced and
almost concealed by the swollen second segment (pedicel) (Figs' l, 2)'
sclerite A region of the integument that is thickened and relatively rigid.
sclerotized Pertaining to thickened parts of the integument'
scutal fossa A slightly depressed area on each side of the scutum lateral to
the dorsocentral setae and anterior to the transverse suture (Fig. 6).
scutellum A transverse sclerite, part of the mesonotum, lying between the
scutum and the postnotum (Figs. 4, 5).
scutum The large, convex, rounded sclerite forming most of the dorsal
surface of the mesonotum, ornamented with taxonomically important
stripes or patches of scales (Figs. 3, 4).
semipermaneni Referring to a mosquito larval habitat that remains wet
until early summer, but that eventually dries up under normal conditions; not a readily distinguishable habitat because it may appear
temporary in dry years and may remain permanent in exceptionally wet

scape the iirst

ones.

setae) Any hair-like or bristle-like outgrowth of the integument
that arises from a basal socket.
setose Covered with setae.

seta (pI.,

setulae) A minute seta.
siphon A conical or semicylindrical, gradually tapering, strongly sclerotized tube projecting from the dorsum of abdominal segment VIII of the

setula (pI.,

larva, bearing the paired spiracles at its apex (Fig. 16)"
siphonal seta Numbered l-S; this usually conspicuous, branched, paired
seta arises either at the base of the siphon, as in Culiseta, or nearer the
middle, as in Aedes; the siphon may also be adorned with unnumbered
additional paired setae or tufts, as in Culex.
slough A semipermanent prairie marsh; when the content of dissolved
salts, mostly carbonates, is high, it is called an alkaline slough.
spicule A minute rod-like outgrowth of the integument of the larvae.
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spine(s), spinose A pointed conical outgrowth of the integument that does
not arise from a basal socket and hence is immovable.

spinule A minute spine.
spiracle An opening in the integument, connecting internally with a
tracheal tube for exchange of gases; larvae have a single pair at the
apex of the siphon; in adults, the anterior (mesothoracic) and posterior
(metathoracic) spiracles of the thorax are the most conspicuous (Fig.
4).
spiracular setae A row or small group of posteriorly directed setae that
arise on a narrow sclerite along the anterior border of the mesothoracic
spiracle, behind the postpronotum (the postpronotal setae arise just in
front of them and can be easily mistaken for spiracular setae) (Figs. 4,
22 s).

sternite The sclerite or sclerotized plate of the sternum, or the ventral
portion of a segment.

stripe

Running longitudinally, in contrast with a band that runs transversely or encircles a segmenq usually used to describe the scales that
form the scutal pattern.

of gonocoxite ln Culex, the basal lobe, which has been
shifted apically, usually armed with several characteristically shaped

subapical lobe

setae that are often called "appendages" (Figs.2O4-207).
subcosta (abbr., Sc) The first major longitudinal wing vein, lying directly
behind and parallel to the anterior margin (costa) (Fig. 7).
sublateral area or stripe The scales forming a somewhat triangular area
between the dorsocentral setae and the lateral edge of the scutum (Fig.

5); in some Aedes, the presutural part of the sublateral area

is

pale-scaled, while the postsutural part forms a stripe on either side of
the prescutellar depression (the postsutural sublateral stripe).
submedian stripe A longitudinal stripe of scales, usually darker than the
scales of adjacent bands, on the scutum between the acrostichal setae
and the dorsocentral setae (Fig. 5).

subspiraculer area That portion of the anepisternum ventral to the mesothoracic spiracle, bounded anteriorly by the postpronotum and posteri-

orly by the postspiracular area (Fig. a).
supraalar setae A group of well-developed erect setae arising from the
lateral edge of the scutum above the wing base.

swarm Pertaining to male Diptera (and

some other orders, for example,
Ephemeroptera), the assembly, usually in flight, of one or more males
over a species-specific object or site (the swarm marker), such as a
stone in a river, a bridge, a clearing, or a hilltop, to await the arrival of
females.

tarsal claw Arising from the apex of each leg, almost always paired,
therefore 12; in the male, one claw on the fore- and mid-legs is always
larger than the other member of its pair for grasping the female; in the
female, all claws are usually about the same shape, but those of the
forelegs are larger.

tarsomere Any one of the five segments of the tarsus.
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tarsus (p1., tarsi) The apical portion of the leg divided into five segments
or tarsomeres.
temporary A mosquito larval habitat that normally dries up in late spring
or early summer; in exceptionally wet seasons, such a habitat may refill
with water and then produce a quite different mosquito fauna from that
which it supported in the spring.
tergite The sclerite or sclerotized plate of the tergum or dorsal portion of
the segment.
(p1., tibiae) The longest segment of the leg, distal to the femur and
proximal to the tarsus.
transverse suture A faint lyre-shaped impression on the scutum, scarcely
visible in itself, but usually accentuated by a scaleless line or by a row
ofdifferently colored usually paler scales (Fig. 5).
truncate Having the end square.

tibia

univoltine Having

one, and only one, generation per year (see also bivoltine and multivoltine).

ventral Pertaining to the venter or lower surface (see also dorsal).
ventral brush A longitudinal row of long closely packed setae on abdominal segment X of the larva, each laterally braced at its base to prevent
sideways movement, which serves as a paddle as the abdomen is lashed
from side to side (Fig. l6).

seta A well-developed seta on the third, fourth,
and fifth abdominal segments of the larva of many species of Aedes,
arising midway between midlateral and midventral points and usually
considered to belong to setal series 13 (Fig. l6).
vertex A rather general, imprecise term for the uppermost part of the
head, bordered anteriorly by the eyes and the frons and posteriorly by
the occiput (Figs. l, 2).

ventrolateral abdominal
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(Page numbers of principal entries are in boldface; synonyms are in italic type.)

abfitchii

17

4

aboriginis '1 ,22, 24, 25, lO2, 112, 120,
126, r27 -r29, 193, 212, 229, 231, 240,

241

abserratus 22,

24, 43, 102, 112, ll5,

r20, 121, r29, r30-r32, 164,20'1,229,

atropalpus 14, 17,22,24,38, 43, 58,81,
95,97, 106, r14, 135, 136-138, 152,
215, 24t,261,265,219
aurifer 22, 24, 28, 102, 104, 110,

117,

118, 138, 139-141

auophilus 225

auroides 229
bancrofti 262
barberi 15, 22, 24, 66, 68-70, 11, 72-'74,

adsobrinus 295
Aedes 7, 8, 13, 14, 17-20, 26, 31, 33,

barri 170

232.238.27'7

35-38, 40-44, 47, 57-59, 62, 63,93,
94, 95, 96, 9'7, 99-101, 103-125, 131,
r34, 140, 146, 156, 158, 161, 173,
177, 18r, 183, 197, 203, 206, 222,
225, 228, 241, 250, 256, 259, 2'71,
272, 28',1, 291, 3r3, 3r5, 319, 32'7,
328, 351-353, 355, 358-361

Aedimorphus 95
aestivalis 251
alaskaensis 15, 21, 23, 34, 28'7 -290, 292,
293, 294, 297, 299, 300, 302, 350, 353
alba 1 5, 23, 319,320,32r, 322-324, 326
albertae 2lA,212

aldrichi 251, 253
aloponotum 22,24, 100, 108, 116, 125,

r32,133, t34,176

85,93, 324
Bironella 65
borealis 158
boscii 329
brehmei 27'7

briiloni 309
californica 324,32'7
callithotrys 141
campestris 11, 14, l'1 , 22, 24, 32, 97,
1 06, l 1 5, 120, r4r, 142-144, 1 58, 1 67,
168, 183, 20'7, 209, 24r, 338
canadensis 14, 18, 22, 96, 105, l22,

119, 120, 148, 149-151, 183

cataphylla 22,2'7, 101, 113, 115, 137,

tsr,152-154,225
centrotus 129

alpinus 213

Chagasia 65

altiusculus 758

Chironomidae 358
churchillensis 17, 22, 103,

Ankylorhynchus 90
annulimanus 83
Anopheles 10, 16, 18, 29,30,36-38, 40,
42, 43, 45, 4'7, 49, 57, 58, 6l, 6s, 6'1,
68, 70, 73, 76,'77, 85, 86, 88, 94, 315,

34r.352.359
Anophelinae 5'7, 65, 357
Anophelini 65

apicalis 283

l3l'

144,r45-r48,158,164
cantator 1 l, 14, 16, 22, 95, 97, 98, 106,

ll2,

113, 123,

154,155,159, l6l
ciliata 9, 23, 62, 91, 328, 329, 330-332,
335

cinereoborealis 222

cinereus 14, 22, 58, 94, 95, 102, 108'
109, 117, 118, 131, 145, 146, 155,
156-158, 164, 232, 269, 34r
tla.v.sit'us 253

Climacura 63, 287 -290, 303

38',7

Coelodiazesis 73

columbiae 23, 328, 329, 332, 333-335,
337, 3 38

communis '7, 16, l'7, 22, 31, 32, 103.
l ll-1 13, r23, t32, 154, 155, tsE, 160.
16r, 167, l'17, r98, 206, 207, 221,
222, 228, 231, 232, 235, 256, 312, 348
confinnis 332,335
consobrinus 274
conterrens 329

fletcheri

181

79-81.83.86

frickii

ctites 329

Culex 7, 13, 16, 18, 32,33,36, 4l-43,
52, 60, 63,86,94, 225,272, 273,276.
282, 286, 28'7, 292, 300, 315, 341.
356,359,360
Culicella 63, 287 -290, 306
Culicidea 65
Culicinae 38, 40-43, 57, 65, 66, 94, 35i

Culicini 65

culiseta 18, 32,34, 36, 43, 45, 52, 59,
62, 63, 95, 272, 286, 287-29t, 299,
300, 302, 303, 308, 309, 31 l-313, 315.

328,350,356,359
curriei 167, 168
cyclocerculus 190

decticus 22, IO4, 109, 110, 115, 118,

t62, r63-165
diantaeus 21, 22, 32, 104, 109, I 10, 1 17,
1 1 8, 1 32, 16r, 162, 164, t65-r67 , 20'7 ,
244,337
Dixidae 10,66
dorsalis ll, 14, 16, 17, 22,24, 32, 54,
96,97,105, 106, 119,120, r42,167,
168-170, 207, 209, 241, 272, 312, 338,
348

dyari 308,309,312
dysanor 729
earlei 13, 16, 22, 67-71, 74,75-78, 80.

81.83.348
Empididae 177
epactius 138
Eucorethra 10,11

283

tllscrJ l)). l)u
leminus 158
gonimus 251
Grabhamia 55, 62, 327 -329
grisea 216
grossbecki 22, l0O, lO8, 122,184, 185,
186

hemiteleus 155, 158
hendersoni 14, 22, 24, 74,93, 95, 103,
1 04, 1 08, 1 09, 1 1 9, 186, 187 -190, 243,

244,262,264,265
hewitti 2Ol
hexodontus 16, 22, 24, 102, 112, 121,
126, t3r, 190, t9t-194, 196,216,228,

229,23r,240,297
hirsuteron 251, 253
hyemalis 8l
idahoensis 247, 249, 250, 348

impatiens 13, 15, 21, 23, 128, 288-292,
294,295, 296, 297,299
impiger 16, 17,22,24, 101, 113, 123,
l6l, 189, 192, r93,194, 195-198, 200,
215,216,227 , 228, 235, 349

implacabilis 129,229
implicatus 7, 20, 22, 101, 102, I I 1, I 13,
r23, 159, 198, r99, 200, 206, 225,
228,255
incidens 16, 23, 261, 262, 287, 288, 290,
292, 297 , 298, 299, 302
inconspicuus 266
increpitus 11, 22, 24, 99, 100, 106, 108,

22, l0O,107, 108, 116, l17.

t7r, t72, 174.

176, 177, 180, 181, 238, 255

euochrus 54,269
excrucians 22, 28, 42, 96,98, 99, 105,

107, 108, 115, 116, 124, 132, r34,
173, r74, t75-t77, 180, 181, 183,

r4t,

189, 194, 203, 238, 255, 297

ferox 23, 327-329,335, 336-338
388

178-180, 184,238
flavescens 22,9'7,98,107, 108, 116, ll7,
122, r't3, 17'7, t8t, 183, 186, r94,236

freeborni 16, 22, 24, 68-71, 76, 78,

coquilleuidia 3I3-315

124, t32, t34, t70,

fitchii 7, 22, 32, 39, 40,62, 100, 106108, 119, 120, t25, 173, 176, 177,

floridense 332

coquilletti 341

euedes 7,

filariasis, Bancr of tian 262
Finlaya 95,243

r23, 125,201,202-204
innuitus 213
inornata 16, 19, 23, 25, 287-292, 300,
301,302

intrudens 22, 103, 110, 115, l17-119,
r32, 159, t61, r77, 204, 205-207, 228,
238,256
Janthinosoma 62. 328. 329

kelloggii 279

pagetonotum 222

klotsi 207
labradorensis l9O

pallens 262

lateralis 251

pallidohirta 155,

lativittatus 167,
lazarensis 158
leuconolips 190

lowii 340
Lynchiella 90
maculipennis 74, 78
magnipennis 3OO
Mansonia 13, 33, 40, 42,43,60' 61' 313'
314.315.341
Mansoniini 315
Mansonioides 314
masamae 190

oerturbans 15, 16, 18, 19, 23, 24' 46, 60'
314.316, 3r7-319

pinguis 295

pionips 21, 22, 25, 32, 44, 102, 112' l2l,
| 46, | 48, 203, 212, 219, 220'222, 228
pipiens 19,23, 24,262, 273,274' 275'
2'7'1, 27 9, 283, 285, 3 I 2, 350
poliochros 222
pretans 251

pricei

mathesoni 146
mediolineata (Ludlow) 54, 55,207
mediolineatus (Theobald) 54, 55' 20'7
Megarhinus 90

177

prodotes

l5l

prolixus 158
9 5, 190, 243
provocans 22, 63, 101, 110,

Protomacleaya

melanimon 11, l'7, 22, 24, 54, 55, 9'7,
t06, 122, r42, 16'7 ,207,208,209
melanura 15, 19, 23,24, 44, 286-290,
303, 304-306

mercurator 7, 22, 99, 100, 107, l2O, 125,
126, 180, 2lO, 2rl, 2r2, 255, 256
mimesis 17'7
minnesotae 16, 23, 287-289, 291, 306,
307-309

ll4'

222'

223-225

pseudodiantaeus 162
Psorophora 14, 24, 35, 37,43, 54' 58'
61, 62, 94, 247, 268, 291, 315, 319'
327, 328-330, 335, 350, 352, 358
pullatus 22,25, 103,1 10, 121' 128' 146'
222, 225, 226-228, 234, 29'7, 3 12
punctipennis 16, 22, 24, 67-71,78' 80'

81,82,83,2'19,348

mississippi 253
molestus 329
montcalmi 54,269
morsitans 14, 21, 23, 47, 288' 289' 291'
297, 306, 308, 309, 310-313

musicus 335
mutatus 201,203
nearcticus 194, 191, 200
nigra 262

nigripes 16, l'7, 22, 24,25, 101'

lll, ll2'

126, 128, 131, r32, 146, 16r,
t64. r77, 192, r93, 196, 207, 221,
23

4, 240, 256,

22,24,32' 39' 65,
67, 69-71,76,78,80, 81, 83, 84-86'

quadrimaculatus 16,

lll,

nigromaculis 14, 17, 22, 24, 25, 9'7, 98,
I 06, 1 07, 1 I 5, 1 I 7- 1 19, 216, 2r7 -2r9,
244,246
nivitarsis 144

Orthopodomyia 13, 15, 17,24,29' 41,
43, 60, 64, 7 4, 93, 319, 320, 34r, 351

l5l

r2l.

297,348

115, 152, 16l, 192, 193, r97,213'

occidentalis'7 4,'7 6, 7'7, 80, 348
Ochlerotatus 41, 95, 243, 244
ochroptera 308, 309
ochropus 316
onondagensis 167

ounctodes 231, 348
punctor 7, 16, 21, 23, 44, 102,

222, 228, 229, 230-232,

214-216,227 ,228,235

pacificensis

158

palustris 177
parodites 309, 312
pearyi 225

168

88,27 |

quaylei 167
rempeli 17, 23, 24, 103, 111, 119, 120'
232,233-235
restuans 23, 24, 43, 63, 81, 2'73' 277'

278,279,281,285,350
Rhynchotaenia 314

riparius 23,44,97, 100, 106, 108' 117'
125, r32, r4l , r'l 3, l8r , 236, 237 , 238
rubidus 329
rutilus 9, 15, 22, 24, 62, 91, 92, 93
salinarius 27 4,2'76, 350
sansoni 174
sapphirina 16, 17, 23, 24, 62, 341, 342'
343

389

saxatilis 283
sayi 335

schizopinax

ll,

17, 23, 24, 102,

120, 126, 168, 238, 239_24r

ll2.

septentrionalis 9 1
sierrensis 15, 23, 24, 95,96, 105, 106.
1

19. t67 ,241,242_244

siry]fera ls, 23, 64, 320, 321, 323, 324,
325-327

signipennis 23, 58, 329, 33t, 339, 340

silvestris 54, 306, 308. 309
Simuliidae 10, 18, 358

siphonalis 174
smithii 1.5, 17, 23, 24, 28, 32, 43, 64,
341,343,344, 345,346
sol]1clta1; 14, 16, 17, 23, e6-e8, 107,

t2l,

149, l5

l,

183,

2tg, 244,

245_247'

spencerii 14, 16,23, 24,27, 1OO, tll.
I ll-l 18. 134. ls8. t70.204.22s.247,
248-251,269, 348

sticticus 14, 23, 32, 103, I 1 I, 122. 145.

206, 249, 251, 252. 253, 3t 2
stimrrlans 7, 16, 23, 24, gg, 100, 107.
t22, t23. 125, 159, 173, I77. I80.

f86, 198, 200. 201, 2to, 2t2, 2t3.

253,254-256

subcantans 253

sylvestris 54,269

sylvicola 184
taeniorhynchus 219
tahoensis 758
tarsalis 1'7, 19, 23, 60, 63, 272-2.74. 27g.
280-283,285.350

390

territans 23, 81,
284-286,349

27

3, Z't 4,

2i9,

282, 283.

testaceus 316

texanum 332
thibaulti 23, 24, 28, 32, 104, 108, 109.
122, t46, 156.257,258. 259, 305
togoi 14, 23, 38, 43, 58,95,97,106, I 14.
137, 241 ,259, 260-262
Toxorhynchites 28, 39, 57, 58, 61, 90,

91,94,287,34r

Toxorhynchitinae 57, 66, 90

Toxorhynchitini 65
trichurus 222
triseriatus ll, 14,20,23,24, 32, 38,'t4.
93. 95. 103, 104, 108. t09, I r8, I I9.
137, 186. 188. 189. 190, 243, 244.
262,263-266,283, 324
trivittatus 14, 23, 24, 31, 32, 39,5g, 102,
llt, t2t,266,267 , 268, 330, 349
underwoodi 93, 305

Uranotaenia 33,43, 52, 59,62,340
varipalpus 241,243
vexans 1 3, 14, 16, 23, 54, 94-96,98, 1 06.
ll8. 156. t70. 247, 253, 256, 268.

269,270-272,330

vinnipegensis 251

vittata 201
walkeri 13, 14,22,47,6't-71,81, 83, 86.
87-89

willistoni 279
Wuchereria 262

Wyeomyia 10, 11, 28, 42, 43, 59, 63.
320. 343. 358

cataphylla

churchillensis

crnereus
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