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Introduction

Throughout Canada mosquitoes are familiar to everyone as biting
pests. In addition to their importance as a nuisance, a few species occasion-
ally 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
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 intras-
pecific 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 Adedes communis, 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 ecasily 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 Adedes 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 1973, 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 generali-
zations 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,
although 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 cach
species. The sites determine where larvae will develop, and the weather
largely 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,
larval instar is 7-15 mm long. Differences among instars are described in a
subsequent section, “Anatomy.” Except for the two predatory species
Toxorhynchites rutilus and Psorophora ciliata that seize their prey with
their sharply toothed mandibles, all larval stages of all species feed on
detritus, algae, and other microorganisms, which they strain out of the
water. The larvac 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. Thus Anopheles larvae,
which are highly adapted for surface feeding, take food from the bottom
when necessary. Low-protein diets produce stunted adults, whereas high-
protein diets tend to produce larger and longer lived adults. However, no
diets have been discovered that produce adults appreciably larger than those
that develop under natural conditions.

The mouthparts of mosquito larvae are among the most elaborately
evolved of any insect mouthparts. Food particles are gathered by a pair of
labral brushes, each of which is a large bundle of long curved setae arranged
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.
The brushes open and close rapidly, several times per second, 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 substrate. 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 curved dorsal
edge of each mandible. As the mandible opens, particles are combed from it
by backwardly projecting hairs on the midventral region of the labrum,
assisted by the maxillae. Finally, a bundle of setac at the base of the
mandible scrapes the food from the midventral labral region into the
pharynx. This complex maneuver, in which the mandible plays 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
picces by the labral brushes, whose apices are often saw-toothed. Particles
may also be broken up between the sharp tips of the mandibles and the
hypostomial teeth (Snodgrass 1959).

Larvae have no legs, or pseudopods, but they swim by lashing the
abdomen from side to side, a movement from which 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 all species respire
through a singlé pair of openings, or spiracles, on the dorsum of abdominal
segment VIIL 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
are often 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 surface
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
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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 has a high content of dissolved salts, such as coastal salt
marshes or inland alkali sloughs. The two pairs of papillac are about the
same length, except in seven species of Aedes, namely campestris, cantator,
dorsalis, increpitus, melanimon, schizopinax, and triseriatus, in which the
ventral pair is shorter 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 flattened and ventrally curled. It swims rapidly downward
and backward, as does a lobster, by scooping water with a pair of paddle-
like 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. By this 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 resemble 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 mosquito ruptures middorsally along the thorax and the
adult emerges 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 15-segmented antennae, and densely scaled wing veins.
The male usually has long tufted palpi (Fig. 1). With only one exception
(Wyeomyia) in Canada, the antennae of the male have many more and
longer setae than those of the female. These setae are believed to serve as
sound receptors, which respond to the frequency of the female’s wingbeat
before mating. Males usually emerge a day or two before females, and they
soon assemble, sometimes in hundreds, at sunset and sunrise in a character-
istic hovering flight called the “mating swarm.” In spite of some carly
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 that mating takes place after a female enters the swarm (Downes 1958,
McAlpine and Munroe 1968). Females need to mate only once, early in
their lives, 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.

11



In this state, the antennae are sensitive to the frequency of the female’s
wingbeat and presumably they begin to vibrate when she approaches. The
frequencies may differ among species, which may assist in specific recogni-
tion. The location of the swarm in relation to surrounding landmarks 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 to
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 emer-
gence, the female begins to seek a blood meal. In the search the female may
travel several kilometres. Some species have been shown to disperse for
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
10 cycles per female in the southern United States.

Overwintering stage

Throughout Canada, with the possible exception of southwestern Brit-
ish 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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Table 1. Approximate correlation between seasons and developmental
stages of Canadian mosquitoes

the ability to overwinter in only one particular stage. Depending on the
species, the stage may be an egg, a larva, or an inseminated nulliparous
nonblood-fed female. Table 1 shows three basic types of life cycle: A, B, and
C, which are distinguished by the stage—egg, larva, or adult female—in
which overwintering is accomplished. Each of these three life cycles is
further subdivided into subgroups, such as A,, A,, and A,, 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, deter-
mine 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 is at least bivoltine in southern Ontario, but is probably univoltine in
northern Canada (Happold 1965a). Therefore, Table 1 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 snmowmelt. 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
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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 from year
to year, larval development may be prolonged for several weeks or com-
pleted 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 A,: Species of this group overwinter in the egg stage as do
those of subgroup A,, but they are also capable of additional generations
during the same summer if their eggs have dried and been subsequently
reflooded. All species of Psorophora and 15 species of Aedes, namely
atropalpus, campestris, canadensis, cantator, cinereus, dorsalis, hendersoni,
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 A;: As in subgroups A, and A,, 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 development 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.
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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 B,: A multivoltine subgroup, B,, includes Anopheles barberi,
Toxorhynchites rutilus, Aedes sierrensis, Culiseta melanura, Orthopodo-
myia alba, O. signifera, and southern populations of Wyeomyia 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
Wyeomyia 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). Larvae of Mansonia pertur-
bans may mnot 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). In 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 (19535, 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 seck 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.
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Subgroup C,: Members of this group also overwinter as nonblood-fed
adult females, but they undergo successive summer generations. The re-
maining 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 Anopheles 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 mosquite 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 Paleo-
zoic 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 carbohy-
drate food source is important in prolonging life, although it is apparently
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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 1951). The pollinia of a small northern
orchid, Habenaria obtusata, have often been found attached to the mouth-
parts 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 25°C,
4-5 days at 15°C, and about 15 days at 10°C (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 Wyeo-
myia 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 17 species from
Nevada, Chapman (1962) found individuals of 10 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.
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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, dedes
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 disease

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 (1975), McLintock and Iversen (1975), and
McLintock (1976). The most important of these diseases are caused by the
viruses of western equine encephalitis (WEE), castern equine encephalitis
(EEE), and St. Louis encephalitis (SLE). Encephalitides are mainly dis-
eases of birds, therefore, the bird-feeding species of Culex and Culiseta are
important as vectors. Because these viruses appear in the mosquito popula-
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tion each summer in various parts of the continent, researchers consider that
epizootics in the wild bird population are probably common, if unpredict-
able, 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
1941 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. Gradual-
ly, Culex tarsalis, a species of rather omnivorous biting habits, emerged as
the principal vector of WEE, although several other species, including spring
populations of 4edes, 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 inor-
nata, 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.

In 1975 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 docu-
mented 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, Culiseta 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 1971 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 to be 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.
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A fourth group of related viruses, collectively labeled California
encephalitis (CE) viruses, cause diseases of small mammals and are trans-
mitted 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
distribution in Eurasia and Alaska is included for comparison. The open
circles represent literature records that we consider incorrect. These provin-
cial 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
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, 19705, 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 wide-
ranging 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 yet in
Eastern Canada it seems to be limited to the taiga.

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 atropal-
pus, 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 Culiseta 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 distribu-
tion have probably not been determined. About half of these species were
discovered in Canada only within the last 10 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 alopono-
tum 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 sierrensis 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 punctipen-
nis, 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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because it is indigenous in several high arctic localities, such as Melville
Island and Peary Land, northern Greenland, where even nigripes has not
been collected.

Finally, the distributions of Culiseta inornata and Aedes pullatus show
an unusual composite range that suggests the possibility of two sibling
species in the former and dispersal from two separate glacial refugia in the
latter. 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 pullatus has two
separate ranges: one in and west of the Rocky Mountains and the other in
northern Quebec, Newfoundland, and southern Baffin Island. The Grand
Banks, Sable Island, and other offshore areas that were extensive land areas
during the fullest extent of the last glacial period could have functioned as
refugia for many species (Howden et al. 1970), including Aedes pullatus.
The western populations of pullatus could have spread from Beringia,
northwest of the ice sheet.

In summary, few Canadian mosquitoes occupy ranges that conform,
even approximately, with the botanists’ classification of the major Canadian
vegetative regions (Rowe 1972). Aedes aboriginis in the wet Pacific Coast
forest region, migromaculis on the prairies, pionips in the boreal forest
region (with a few stations in the aspen parkland and the Great Lakes — St.
Lawrence 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 another. Depending 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 1 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 19695, Rempel 1953, Hocking et al.

NO MOSQUITOES RESIDENT
AFTER JULY 5
JUNE 30 - JULY §

JUNE 20 - JUNE 30
JUNE 10 - JUNE 20
JUNE 1 - JUNE 10

MAY 20 - JUNE 1

MAY 10 - MAY 20

MAY 1 - MAY 10

L |
Map 1. Approximate time of first appearance of numbers of Aedes mosquitoes.
Zone boundaries are based on spring temperature data from several sources, with

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 carliest 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 of, 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.
A few crane flies (Tipulidae) have an elongated rostrum, the region of the
head between the antennae and mouthparts, but they can be distinguished
from mosquitoes by their maxillary palpi, which arise near the apex of 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 scales. 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. 1). 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). However, in all males
except of Wyeomyia, 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 antennae, all lack
an elongate slender scaly proboscis.

Few other Diptera are as extensively clothed with scales as are mos-
quitoes. 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 lights, dark scales
may appear faintly bluish metallic and thus seem paler than they do in other
lights. In a few species, the dark scales are brilliantly 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 some species, for example, Aedes
aurifer or thibaulti, have areas of gold scales that are distinctly paler than
adjacent areas of dark brown scales, whereas members of the Aedes
excrucians 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. 1, 2). The basal
segment, or scape, is hidden behind the greatly enlarged second segment, or
pedicel (sometimes called torus in the literature). The pedicel bears a group
of 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 usually also bears a
median patch of scales, but the remaining flagellomeres are usually without
scales (in female Orthopodomyia, 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 Nematocera. Each segment is called a palpomere. In both sexes of
Anopheles, and in the males of nearly all other genera, the palpus is
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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 appear-
ance. Because of reduction of the apical segments, the female palpus
appears to be two- or three-segmented. The basal half of the first palpomere
in both sexes lacks scales and hairs, and in dried material it looks 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 locate a particular palpomere in the
female, start counting from the base, but remember that the basal haif 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 male,
however, and in the female Anopheles, it is easier to start counting from the
apical, or fifth, segment. In male Anopheles, the last two palpomeres are
broadened and swollen, and the intersegmental boundary is visible only from
below. The apex of the palpus is usually conical and more or less obscured
by dense scales and setae; a broken palpus 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. The vertex, or
dorsal part of the head behind the eyes, blends indistinguishably into the
back of the head, the postcranium or occiput, and is more or less 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 at their bases. A row of forward-
ly 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 pleural plate into an anterior
episternum and a posterior epimeron; the episternum may be further
subdivided longitudinally into a dorsal anepisternum and a ventral
katepisternum.

Most of the thorax belongs to the second, or middle, segment, the
mesothorax. The prothorax and metathorax are smaller, especially middor-
sally, where they are almost obliterated. What remains of the dorsal tergum
of the prothorax, the pronotum, is subdivided into laterally displaced halves.
It is divided transversely into a lobe-like antepronotum and a flattened
postpronotum, which is flush with the mesothorax and appears to be part of
that segment. The postpronotum typically has a vertical row of setae near its
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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 proba-
sisternum 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 mesoscutum, the mesoscutellum, and the mesopost-
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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, triseria-
tus, and others. In Aedes campestris, dorsalis, and trivittatus, 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 Wyeomyia 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 subdi-
vided 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
1970a). 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 katepis-
ternum. 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 posteri-
or to the spiracle. The long, tapering ventral angle of the postspiracular area
extending between the subspiracular area and the anepisternal cleft may
bear scales in addition to those in the vicinity of the postspiracular setae.
The katepisternum is particularly well developed in mosquitoes and related
families and it often unites with the opposite katepisternum between the fore
and mid coxae, 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 associated with all three groups of setae, and in most Aedes 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
various species. Below the mesepimeron and between the mid and hind
coxae is a rounded sclerite, the mesomeron, which is considered to be a
portion of the mid coxa that has become detached (Crampton 1942).
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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 sczles 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 aggre-
gated 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 R,,, and R,,;. R, s remains unbranched to the
wing margin, but R,,, branches again into R, and R,. A short crossvein
(r-m), which connects R,,; 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 CuA,. CuA, is considered to
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Fig. 7. Dorsal view of wing.
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contain elements of the media (see Hennig 1973) and therefore it has been
referred to sometimes as M, or as M, + 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 characteristi-
cally 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 180°, 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. 10 and 11) 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 10th tergite and sternite are each longitudinally subdivided; each
half of the 10th 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. In 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. In 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 impor-
tant 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. In 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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claspette. In Anopheles, the claspette is bilobed and armed with setae,
whereas in Psorophora and most species of Aedes it is a complex, dorsally
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
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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 triseriatus 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 1-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. In 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 those Aedes that do not have a completely encircling
saddle may be recognized by the position of the saddle seta 1-X, which
arises closer to the posterior margin of the saddle than to its ventral margin
(Smith 19694, 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, Har-
bach 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 Toxor-
hynchites 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 17-C, but only about 6 of these are regularly used. Seta
1-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 are 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 17-C are generally small and have not been
fully examined for specific characters.

The antenna is also equipped with setae, which are numbered 1-A to
6-A. All of these, except seta 1-A, which arises from the dorsomedial aspect
of the antennal shank, are minute and located at the antennal apex. Seta
1-A may be single or have many branches, and its position is diagnostic. The
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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 maxilla varies noticeably among several species of Aedes
that otherwise look very much alike. The maxilla itself is divided into three
parts: the maxillary body, the maxillary palpus, and a small triangular basal
sclerite, 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 arranged 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 nearest 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 14-P. Seta 0-P is a
minute tuft; in culicines it is displaced laterally, lying behind 4-P and 5-P.
Setae 1-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 1-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 12-P arise from a small tubercle; according to
Belkin (1950), 10-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
mesothoracic setae, 1-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 13-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
ITI-VII. Setae on segment VIII cannot be homologized, and they have been
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numbered 1-VIII to 5-VIII. When numbering setae, the series number is
followed by the segment number, for example, 6-I1I refers to seta 6 on
segment III. Series 1, 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 clongate on segments 1
or IL. 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-VII) on segment VII is short and multiple, unlike those on the preceding
segments. On segments I and II, the lower lateral setae (7-1 and 7-II)
immediately ventral to the upper laterals (6-I and 6-11) 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 seta 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 1-VIII, 3-VIII, and 5-VIII
are typically long and strongly branched, whereas setae 2-VIII and 4-VIII,
interspersed between them, are finer, shorter, and unbranched, except in
Mansonia. This pattern does not apply to Anopheles or to Wyeomyia.
Laterally, segment VIII also bears, in most Culicinae, 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. Intra-
specifically 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 markedly 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 the
spinules are illustrated because they are of considerable taxonomic impor-
tance. 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 1-S. The spiracles at the apex of the siphon are surrounded by
five flaps bearing setae 2-S to 13-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 Anopheles
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, 1-S, is usually present,
either at the base, as in Culiseta, 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 instars, 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, 1-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-shaped 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 side of the midline
to allow closer crowding of the bases. Setae thus linked together 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 Psorophora and 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 found 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, 1951) 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 pitcher-
plants, 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 Septem-
ber. 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 Anopheles rest at the surface of the
water, but they are hard to see among vegetation because they are cryptical-
ly 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. 17a). 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.
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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 concentrat-
ed salt solutions or on forcing larvae to detach themselves and 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 valu-
able 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 speci-
mens 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-fit-
ting lids make useful transporting and rearing containers. Also, plastic bags
are useful 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 samples in direct sunlight. Collect an
extra container of pond water for topping up your samples 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-Aedes 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=+1°C for 16 hr of light and 8 hr of darkness for 2 months, then at 5+1°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 16 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 (1:1000 by weight of powdered broth in tap
water) at 10+1°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 mL
insulated 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 pollution-
tolerant 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 accumula-
tion 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 70-80% 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,
KA;A,,, consisting of 1 part kerosene (reagent grade), 3 parts glacial acetic
acid, and 30 parts 95% ethanol that produces firm straight larvae with erect
mouthparts and setac. 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 95%
ethanol, decant them, and reflood them with 95% alcohol for permanent
storage. Throughout the process, do not handle the larvae; leave them in the
same vial. The KA,;A,, 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
95% 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 95% 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, especial-
ly during shipment by mail. For permanent storage, avoid cork or polyethy-
lene stoppers and screw caps. Only neoprene bungs have been shown to
consistently prevent evaporation of 95% 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 95%
ethanol (if they have not already been preserved in ethanol), then in 100%
ethanol, then in xylene (cedarwood oil can also be used but it takes longer to
penetrate), and finally in a 1:1 mixture of xylene and Canada balsam, with
at least 15 min in each reagent. On a clean microscope slide, place one large
drop of viscous Canada balsam slightly to the right of center. Transfer one
larva from the xylene—balsam mixture and cut it with optical scissors or
break 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. 17b) 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
the 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
supports such as pieces of glass rod are not necessary.

Collecting 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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Fig. 17. a, d, e, Collecting equipment; b, microscope slide of larva; ¢, microscope
slide of male terminalia.

specimens are to be collected, the most important consideration is prevent-
ing 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. 1 pin, about 1 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 in the right
hand. Return the specimens to the deep freezer as soon as possible 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
species swarm 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 shoreline 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 is indispen-
sible for netting males from the higher swarms. Such specimens 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 c¢m in diam, can usually be placed over even the most wary individual,
once she has begun to feed. Less easily disturbed specimens can be 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 centimetres long and
narrow enough for your thumb to prevent a mosquito from escaping.
Separate the specimens from the solvent-impregnated rubber with 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). However, the
effectiveness of a Malaise trap for catching females may be greatly
enhanced by the use of CO, in the form of dry ice (Graham 19694). 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

* To make shellac gel, boil 125 mL of pure white shellac for about 15 min, stirring
continuously, until it turns white and foams; add 10 mL of 70% 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 speci-
men 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. 17d). 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. 17¢). 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
by cutting 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
(1 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 1-2 cm? 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
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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, 75%, 85%, 95%, and
100%, before being transferred to xylene (or cedarwood oil), then to a 1:1
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. 17¢). 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 previ-
ously. 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, 1963, 1967), and Knight and Stone (1977). For
example, Aedes vexans has two synonyms based on North American
specimens, sylvestris Theobald and euochrus Howard, Dyar & Knab; both
of these synonyms are given for vexans. The name sylvestris was preoc-
cupied, 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 mediolineatus 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 Theo-
bald, 1901, and mediolineatus Ludlow, 1907. They cannot both be used in
the same genus, because there can only be one Aedes mediolineatus.
Because mediolineatus Ludlow was described subsequent to mediolineatus
Theobald, the former is therefore 2 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 men-
tioned 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 femi-
nine, 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 anten-
nae (Figs. 1, 2).

1. Posterior margin of scutellum evenly rounded and uniformly setose (Fig. 18);
palpus of female longer than antenna (Figs. 20, 21).............cooooiiiiin,
Posterior margin of scutellum trilobed, with setae confined to the lobes (Fig. 19);
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
dark-scaled (Anophelinae) ..o Anopheles
Proboscis broadest at base and strongly bent ventrally beyond middle; palpus of
female straight, as long as unbent basal portion of proboscis (Fig. 21); 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
scales (Toxorhynchitinae)..................cccooviciiio i Toxorhynchites

Figs. 18,19. Dorsal view of scutellum.
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21  Toxorhynchites ¢

Figs. 20, 21. Left lateral view of head of female.

3. Postspiracular setae present (Figs. 22, 23: ps); abdomen of female tapering
evenly to apex; cercus long, slender (except in Aedes togoi and atropalpus),

usually conspicuously exserted (Fig. 24) ..o 4
Postspiracular setae absent (Figs. 26, 27); abdomen of female parallel-sided,
rounded apically (Fig. 25); cercus short, rounded, inconspicuous ...............c........ 5

4. Spiracular area with setae (sometimes only one or two present in Psorophora
signipennis) (Fig. 22, s); paratergite (Fig. 22, pf) and subspiracular area of
anepisternum (Fig. 22, sa) bare or with a few scattered scales ............ Psorophora

Spiracular area (Fig. 23, s) without setae, although setae on hind margin of
postpronotum may be mistaken for them; paratergite (Fig. 23, pf) and sub-
spiracular area (Fig. 23, sa) usually with scales (except in Aedes cinereus,
atropalpus, and PPIVIHATUS) ..............ccoooiiiciiec e Aedes

Psorophora Aedes

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

25 Culiseta

Figs. 24, 25. Dorsal view of abdomen of female.

5. Spiracular area (Figs. 26, 27: 5s) with setae
Spiracular area Without SEtAC............cocoiiiiiiii i
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 (Fig. 26, ¢);
paratergite with scales or hairs on ventral margin (Fig. 26, pt); abdominal scales
without metallic reflections. ..o Culiseta
Scales on ventral surface of subcosta at base broad, flat, and recumbent (Fig. 27,
sc); upper calypter lacking fringe (Fig. 27, ¢); paratergite bare (Fig. 27, pt);
scales on dorsum of abdomen dark brown with greenish blue metallic reflec-
BHOMIS ..o et 7

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-
PUPCAY ...ttt Wyeomyia
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
BOES ...t Uranotaenia

26 Culiseta 27 Wyeomyia

Figs. 26, 27. Left lateral view of thorax.
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amcm, Mansonia  perturbans

Mw

Culex tarsalis

Figs. 28, 29. Hind tibia and tarsus: arrows show different patterns of banding.

8. 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 dark brown integument, which is otherwise largely
devoid of scales except for acrostichal and dorsocentral stripes of dark brown

SCALES ... e Orthopodomyia
All tarsi, or none, with white rings; 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—Ilarvae

1. Siphon absent, with spiracles opening between large valves nearly flush with
dorsal surface (Fig. 30); flattened fan-like palmate hairs (series 1) present on
abdominal segments III-VII............... Anopheles

Siphon present 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
of larvae ready t0 MOIL) ... 2

2. Siphon conical, nearly as wide at base as long, its apical third with strongly
sclerotized pointed apex for piercing underwater parts of plants (Fig. 31);
antenna long, whip-like, with apical portion distal to the antennal tuft and twice

as long as basal Portion ..o Mansonia
Siphon more than twice as long as wide, blunt-tipped (Fig. 32); basal portion of
antenna equal to or longer than apical portion...............onn 3

3. Predaceous forms very large (more than 12 mm) when fully grown; apoteme very
broad and somewhat parallel-sided, widest posteriorly, occupying nearly all of
dorsum of head, with concave anterior margin (Figs. 33,34) ..o, 4

Nonpredaceous forms medium to small (less than 10 mm) when mature;
apotome rounded or oval, broadest in middle, with convex or truncate anterior
margin (Figs. 35, 36) ..o s 5

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.
3] s Toxorhynchites

Siphon with numerous pecten teeth, each with long hair-like apex; siphonal seta
1-S a single long hair (Fig. 37); abdominal setae each arising separately, not
grouped on sclerotized plates...............cco.co.o.. Psorophora subgenus Psorophora

Anopheles Mansonia Toxorhynchites

Figs. 30-32. Left lateral view of terminal segments of larvae.
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margin of apatome

Toxorhynchites rutilus Psoraphora ciliata Uranotaenia sapphirina Aedes fitchii

Figs. 33-36. 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 111-VII each short, with numer-
ous stellately arranged branches; pecten teeth pale, obscure (easily overlooked),
fringed on both sides, with numerous subequal spinules .................. Uranotaenia

Head semicircular, broader than long (Fig. 36); head setac 5-C and 6-C often
branched, but when single not conspicuously different in thickness and scleroti-
zation 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 strongly sclerotized, toothed only on one
side, usually only at base or 1aCKing ..............ccooooo oo

6. Siphon with a basal row of pecten teeth (Figs. 38—44)

Siphon without pecten teeth (Figs. 45, 46) ...,

7. Siphon with a single seta 1-S on each side arising distal to most of the pecten
teeth (Figs. 38, 39) .o e 8
Siphon with either a single seta 1-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

pecten

Psorophora (Psorophora) Psarophora (Grabhamia) Aedes Culiseta (Culiseta)

Figs. 37-40. Left lateral view of terminal segments of larva.
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Culiseta (Climacura) Culiseta (Culicella)  Culex tarsalis Culex restuans

Figs. 41-44. Left 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
not enclosing any precratal setae (Fig. 39) ... Aedes

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 VIIT; siphon rather short and stout, about 3 times as long
as maximum width (Fig. 40) ... Culiseta subgenus Culiseta

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 1-S, when present, smaller than seta 3-VIII; siphon slender, 4-8
times as long as maximum width ... 10

10. Siphon with midventral row of 10-16 unpaired tufts, a small obscure basal seta
1-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)
..................................................................................... Culiseta subgenus Climacura

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
patch (Figs. 42—44) ... 11

11. 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
than 10, Culiseta subgenus Culicella

Siphon with several pairs of setae, including seta 1-S, none of which arises from
base of siphon (Figs. 43, 44); pecten teeth more than 10........................... 12

12. Distal 3—5 pecten teeth unevenly and more widely spaced than basal teeth; siphon
with a dorsolateral 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

(see Fig. 161 of dedes larval Key) ..o Aedes provocans
Pecten teeth evenly spaced; siphon with all tufts or single hairs arising distal to
the pecten teeth (Figs. 43, 44) ... Culex

13. 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 1 pair (Fig. 45); found in leaves of pitcherplants (Sarracenia pur-
PUFEA) ..ot Wyeomyia
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Wyeomyia smithi Orthopodomyia signifera

Figs. 45, 46. Left lateral view of terminal segments of larva.

Siphon with a branched seta 1-S on each side; 4 pairs of setac 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 Cha-
gasia 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 diagno-
sis 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 180° 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 1959).

Genus Anopheles Meigen

Adult. Integument medium to dark brown; Canadian species with
recumbent scales only on vertex, palpus, proboscis, legs beyond coxae, and

65



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 R,, at bifurcations of R, , and R, s, of R, and R;, of M,
and M,, 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, mem-
branous, 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 first 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 “float 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 encir-
cling 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.

Larvae 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 Schrem-
mer (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
evening, and then continue to be active throughout the night. They live a
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.

67



Key to the species of Anopheles of Canada—adults

1. 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
claspette lobe with three overlapping flattened setae (Fig. 58) ................ barberi

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
(IR 59) oottt 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
sharply pointed setae, usually single (Fig. 59) ..., 3

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-
guished from earlei or punctipennis by terminalia alone)........................ 4

3. Wing with a crescent-shaped spot of cream-colored fringe scales on wing tip
between apices of R, and 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
R,,s; 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 R,,; (or
in the more distal spot, R, and R;) (Fig. 47); remaining wing veins, especially

Figs. 47-50. Dorsal view of wing of Anopheles species: 47, punctipennis; 48, earlei;
49, walkeri, 50, freeborni.
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on anterior half of wing, thickly and rather uniformly dark scaled; ninth tergal
lobe of male attenuated (Fig. 55).......ccocovnmiinii e, punctipennis

4. Occurring only in central British Columbia; scutum of female with fairly well
defined acrostichal and dorsocentral gray pollinose stripes, coalescing on post-
erior half (as in earlei); setae of outer claspette lobe sharply pointed; ninth
tergal lobes of male rather long, parallel-sided, widely separated from one
another (Fig. 56) ..ot f TE@DOPTE
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
rounded apices (Fig. 60); ninth tergal lobes of male smaller, narrower, enlarged
apically, closer to each other (Fig. 57) ... 5

5. Intersegmental 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) lobe ... 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.
quadrimaculatus

earlei punctipennis freeborni guadrimaculatus

barberi punctipennis guadrimaculatus

Figs. 51-60. Dorsal view of Anopheles species: 51-53, aedeagus; 54-57, ninth
tergum of male; 58—60, claspette lobes.
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Key to the species of Anopheles of Canada—fourth-instar
larvae

1. Head setae short and simple; upper lateral setae 6-IV to 6-VI on abdominal

segments IV-VI pIumOSe...............ccocoioiiiiiii e barberi
Head setae 5-C to 7-C long, plumose; upper lateral setae 6-1V to 6-VI on
segments IV-VI branched from base but not plumose................cc.cocoee i, 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, bj; setae 2-C

divergent or parallel...............................ooeiii. quadrimaculatus
Basal tubercles of inner clypeal setae 2-C closely approximated, almost touching
each other (Figs. 62—64); setae 2-C parallel or convergent................c.coeieeeiinnnes 3

3. Abdominal setae 2-1V 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)............ccccoiiviiiiiiiiiirireec s walkeri

Abdominal setae 2-IV and 2-V 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) ..........c.c.ooo oot 4

4. Branches of abdominal seta 1-11 (“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. 64, b), occasionally simple (a rare specimen may be

simple on both sides, thus resembling punctipennis)......................c..cocceceee. earlei
Branches of abdominal seta 1-II of segment II each flattened, blade-like (Figs.
67, 68); inner clypeal seta 2-C simple (Fig. 62)........cccccocoiinnninriiiocrinrcne 5

5. Abdominal segments IV-VII with middorsal circular sclerite only (Figs. 65~67);
antennal seta 1-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......................c.cooiiii, punctipennis

A pair of small circular sclerites on posterior half of dorsum of abdominal
segments IV-VII (Fig. 68); antennal seta 1-A usually arising beyond basal
one-quarter of shaft; central British Columbia (Okanagan Valley, B.C,,
ONLY) oo f Y@@ DOYRE
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quadrimaculatus punctipennis walkeri earlei

walkeri earlei punctipennis freeborni

Figs. 61-68. Dorsal view of Anopheles larvae: 61-64, clypeal setae (a, b, two
variants); 65-68, abdominal segments I-V.

Anopheles barberi Coquillett
Plate 1; Map 2
Anopheles barberi Coquillett, 19035:310.

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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Map 2. Collection localities for Anopheles barberi in Canada: e specimens we
examined, A literature records.

or fourth palpomeres; proclinate setae and scales of vertex few, sometimes
only one or 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
its presence in tree holes. A. barberi is the only Anopheles larva in Canada
that occurs in such a habitat.

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
from a phylogenetic point of view it is worth mentioning that barberi
occupies an isolated position in the subgenus Anopheles.

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

73



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. 1961). 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 19065, Petersen et al. 1969) and
ceratopogonid larvae (Baker 1935).

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 overwinter-
ing sites.

Females are timid biters, taking a small amount at a time, even if
undisturbed (Thibault 1910). 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.

Anopheles earlei Vargas

Plate 2; Figs. 48, 54, 64, 66; Map 3

Anopheles earlei Vargas, 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 of anterior edge of scutum
usually somewhat whiter than the surrounding setae; scales of fringe at apex
of wing between apices of R, and R,,; creamy white, contrasting with

74



I G

N\

)/;

LN

hind

J tarsal claws

comb scale

) hind

Q tarsal claws

Plate 2. Anopheles earlei



NS

7
2
8

A -

{

) e ;’/V‘;)
0 =T

Map 3. Collection localities for Anopheles earlei in Canada: e specimens we
examined, A literature records.

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

Male: Coloration as in female; dark spots on wings much less promi-
‘nent than in female because of reduced scaling and therefore cannot be as
readily used as in female for distinguishing this species from gquad-
rimaculatus 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 2-1V
and 2-V multiple; abdominal setae 0-II to 0-VIII single; dorsolateral seta
1-1I 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 R,,, were raised or appressed. However, Vargas (19435,
1944) and Vargas and Matheson (1948) clearly stated that the adult of
occidentalis could be distinguished from earlei by the absence of scales on
R, ; between the basal dark spot of dense black scales and the bifurcation of
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R, and R,. These authors apparently did not point out that the scales are
lacking only on the upper side of the vein. In a series of 10 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 R,, ; 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 transpar-
ent, 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) prob-
ably 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 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). Only one other record from Washington
remained, Dyar’s (1917b) 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 (1906b) 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
comes out 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 (19695) 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.

Happold (1965a) observed mating swarms in mid-September in north
central Alberta; after sunset one swarm formed 1 m above ground over a
Stevenson screen. Rozeboom (1952) succeeded in getting males of earlei
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from Montana to mate in cages of 11 dm?® 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.

Anopheles freeborni 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 R,,,, adjacent to base of R,,s, 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 R,,, in
quadrimaculatus usually 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 1-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-VII.,

Biology. Adult females overwinter in various sites, such as abandoned
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 1951), and both natural and artificial rock
piles 30-90 cm deep (Rush et al. 1958). These authors also found males in
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Map 4. Collection localities for Anopheles freeborni in Canada: ¢ specimens we
examined, A literature records.

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
up to 5% NaCl is acceptable to ovipositing females, but is avoided when it is
over 6%.

Burgess (1948, 1955) obtained some viable eggs from a cross between
Jreeborni 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.
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Anopheles punctipennis (Say)
Plate 4; Figs. 47, 52, 55, 59, 62, 67; Map 5

Culex punctipennis Say, 1823:9.
Culex hyemalis Fitch, 1847:281.

Adult. Female: Palpus dark-scaled; second palpomere with some-
what 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 R,,,
between the apex of the subcosta and the bifurcation of R, and R;; a
narrower wedge-shaped spot near the apex of the wing including the costa,
the extreme apex of R,, the apical one-quarter of R,, and a small middle
portion of R,; a small spot at the apex of R, s, 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 M,; 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 flat-
tened 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 free-
borni (characters for separation are given under freeborni).

Biology. Adult females overwinter as blood-fed nullipars in the same
types of niches as were described for earlei and freeborni. The females
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 and freeborni,
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, punctipennis 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 atropal-
pus, 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 10 Nov. in Ontario.
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Map 5. Collection localities for Anopheles punctipennis in Canada: ® specimens we
examined, A literature records.

In Nebraska, larvae were collected in bhrine 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, south-
ern Manitoba, and southeastern Canada south throughout the USA to
northern Mexico.

Anopheles quadrimaculatus Say

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

Anopheles quadrimaculatus Say, 1824:356.
Anopheles annulimanus Wulp, 1867:129.

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 R,,, (at origin of R,,s) usually not
distinct.

Male: Palpus entirely dark-scaled, but the scales appearing paler in
some lights because 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 in walkeri, 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.

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 O—VII on segments 11-VII single (as in earlei, but
not walkeri); each branch of dorsolateral seta 1-1I (float hair) flattened and
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Map 6. Collection localities for Anopheles quadrimaculatus in Canada:  speci-
mens we examined, A literature records.

expanded; abdominal seta 2-IV single to triple (usually single in specimens
from southern USA); seta 2V 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 protect-
ed niches (Breeland et al. 1961). 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 10°C. Horsfall (1955)
found that eggs can withstand a week or more of drying and their develop-
ment 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
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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 larvae 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 in freeborni, 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 5% NaCl.

Distribution. Eastern North America, from North Dakota and Texas
east to Maine and Florida.

Anopheles walkeri Theobald

Plate 6; Figs. 49, 63, 65; Map 7
Anopheles walkeri Theobald, 19014:199.

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-
rimaculatus, usually absent on midsection of R, (at origin of Ry, ).

Male: Second palpomere usually with at least a few white scales at
apex; scutum 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.

Remarks. Although consistently a darker species than quad-
rimaculatus, with which it usually occurs and is most easily mistaken, this
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Map 7. Collection localities for Anopheles walkeri in Canada: ® specimens we
examined, A literature records.

color difference can only be appreciated by comparison with known ma-
terial. 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 intersegmen-
tal junction between the second and third palpomeres, and none on more
distal palpomeres, so they can only be separated from male quad-
rimaculatus, 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
1943).

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 1941 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 Saskatche-
wan 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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Subfamily Toxorhynchitinae

The smallest of the three culicid subfamilies, Toxorhynchitinae con-
tains only one genus, Toxorhynchites, a mainly tropical group of exception-
ally 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 Toxorhynchites 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 uni-
formly 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; clas-
pette absent.

The one Canadian species, along with all but three of the New World
species placed in the subgenus Ankylorhynchus Lutz, belongs to the sub-
genus 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 con-
sisting of about 10 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.

Toxorhynchites rutilus (Coquillett)

Plate 7; Figs. 21, 32, 33; Map 8

Megarhinus rutilus Coquillett 1896:44.
Megarhinus septentrionalis Dyar and Knab 1906d:294.

Toxorhynchites rutilus and septentrionalis are now considered subspe-
cies; 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 probos-
cis 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 yellow-
scaled; 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 purple-
scaled; abdomen metallic blue green scaled above, yellow-scaled laterally
and ventrally.

Larva. An unmistakable species in all four instars. Easily distin-
guished 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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? tarsal claws

Plate 7 Toxorhynchites rutilus
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Map 8. 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
a large rot cavity in a red oak in Point Pelee National Park, Ont. (Parker
1977). The species usually inhabits rot holes in various hardwoods, but it
has also been collected from artificial containers and even from the water
contained in leaf bases of bromeliads (Carpenter and LaCasse 1955). The
larvae are predaceous, usually feeding on the larvae of other tree-hole
mosquitoes, such as Orthopodomyia spp., Aedes triseriatus and hendersoni,
and Anopheles 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 often remained in the last instar for several months before
pupating. They are also cannibalistic and known for their voraciousness; one
larva can devour over 100 smaller larvae of Orthopodomyia and Aedes
(Basham et al. 1947) in 16 days. The prey is grasped by the mandibles
(Breland 1948), not the labral brushes, whose tines are curved the wrong
way for an effective grasping structure. The winter is passed as a last-stage
larva. In contrast with the long 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 surface (Breland 1949).

Distribution. Southeastern North America, from Illinois, southwest-
ern 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 culicid subfamilies.
Some 27 genera and many more subgenera are recognized (Stone et al.
1959), including the large and important genera Aedes and Culex.

Culicines are most easily recognized by elimination, because the only
two nonculicine genera in Canada, Anopheles and Toxorhynchites, are
distinctive and easily recognized with the unaided eye. Female culicines
have short palpi, less than half as long as the proboscis. The proboscis, in
life, is carried down, at an angle to the body axis, rather than straight out in
front as in Anopheles. Males of Culicinae usually have long palpi, with
brushes of long setae on the apical segments, which are not swollen. 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 small heads compared with the
size of the body, the culicine larval head is usually large and broad. All
culicine larvae have the respiratory apparatus elevated on a siphon, and
although they may feed at or near the surface while 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 cinereus); postocular setae numer-
ous, arising close to eye margin; occiput fully covered with both erect and
recumbent scales; acrostichal and dorsocentral setae usually well-developed,
exceptionally so in some arctic species; spiracular setae absent; postspiracu-
lar area with setae and scales, but not as extensively covered as in Psoro-
phora; tarsal claws usually each with a subbasal tooth of a different length;
calypter with fringe; abdomen of female tapering; cercus of female usually
long, slender, exserted; terminalia of male rather larger 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, typically with
curved cylindrical stem bearing a single blade-like filament that is usually
keeled on convex side (apex of claspette stem with several setiform filaments
in vexans, or nothing in cinereus).
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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 fogoi);
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 larval 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 to Ochlerotatus. 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 (1969), with the use of parasito-
logical 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 Ochlerotatus including
atropalpus have a single saddle seta 1-X, whereas in the other species this
seta is branched. Among the last-mentioned group, Aedes vexans and
cinereus have unevenly spaced distal pecten teeth, whereas those of sierren-
sis 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
non-Ochlerotatus, sierrensis, and atropalpus lack a subbasal tooth. The
hind claws of the females of Protomacleaya, as well as of cantator,
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

1. Tarsomeres ringed with bands of white scales (Figs. 69—73) .......c.c..ccciiiiinn, 2



dorsalis

sierrensis

vexans

gxcrucians

sollicitans SRR m;w/\*m(\ R,

Figs. 69-73. Hind tarsus of female of Aedes species.

Tarsomeres brown-scaled, without rings of white scales, although scattered white

scales can be present ... 23

2. Basal four tarsomeres each with base and apex white-scaled (Figs. 69, 70) .......... 3
Basal four tarsomeres each with white scales at base only (Figs. 71-73) ............. 9

3. Postprocoxal membrane bare (Fig. 74); wing veins (except for base of costa in
some species) entirely brown-scaled ... 4

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 integu-

ment; costa entirely dark-scaled ... canadensis
Scutum with contrasting stripes and patches of gold and brown scales; costa
usually with a patch of pale 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 of pedicel of antenna extensively white-scaled.................. sierrensis

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

g
74 \3

Figs. 74, 75. Left lateral view of thorax showing: 74, bare postprocoxal area; 75,
postprocoxal area with scales.
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76 dorsalis 77 campestris 78 cantator

Figs. 76-—-78. Tarsal claw of female of Aedes species:u76, 77, fore claw; 78, hind
claw.

katepisternum in a single large group; apices of palpus and of pedicel with few

OF NO WHIte SCALES.........ooiii e 6
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
COASE ..ottt et togoi

7. Tarsal claw moderately and evenly curved (Fig. 76), the subbasal tooth (distance
x-y) short, one-third or less as long as the distance between apices of subbasal
tooth and of claw (P-2) ..o dorsalis

Tarsal claw strongly and abruptly bent just beyond subbasal tooth (Fig. 77), the
subbasal tooth (x-y) about half as long as the distance between apices of tooth
and of claw (¥=2) ..o, 8

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 R,, 5, M;, M,, M,, Cu, and A almost
entirely so; scales of middorsal stripe of scutum reddish brown, flanked by
whitish, more contrasting scales....................ccoooi melanimon

9. Basal white-scaled bands on hind tarsomeres narrow, each band less than
one-quarter as long as respective tarSOMEre ..............cccoooiiooiocioecc e 10
Basal white-scaled bands on hind tarsomeres broader, each about one-third as
long as respective tATSOMIETE ... .......ov it e 11

flavescens nigromaculis sollicitans riparius

Figs. 79-82. Dorsal view of abdomen 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 ... BT RTO cantator

Hind claw with conspicuous basal tooth; lower mesepimeral setae absent; first
abdominal sternite bare; katepisternum without scales on anterodorsal
ANBLE oo vexans

11. 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) ... 12

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)

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
DANA ..o avescens

Abdominal tergites with lateral areas of dark scales (Fig. 80); proboscis dark-
scaled, usually with a more or less well-defined ring of white scales near mid
length e 13

13. 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 its upper third; Prairie Provinces
OMILY .o nigromaculis

14. 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 (y—z) between apices
of tooth and Claw ... excrucians

Figs. 83, 84. Left lateral view of thorax and abdominal segments I and II.
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85a  excrucians 85b excrucians 85¢  excrucians

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

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 (y—z)

between apices of tooth and claw..................................... 15
15. Lower mesepimeral setae present (Fig. 83a) mesomeron usually with a few scales
on posterodorsal corner, directed posterodorsally (Fig. 83b) ..o, 16

Lower mesepimeral setae absent (Fig. 84a); mesomeron bare (Fig. 845) (loose
scales sometimes adhere, but their haphazard position usually reveals their

EXLTANEOUS OTIZIM) ...ttt e, 20
16. Scales of pedicel all or mostly dark; scutum mostly reddish brown scaled, with
pale scales confined to dorsocentral and lateral stripes (Fig. 86) .................. 17

Scales of pedicel mostly white; median and submedian stripes of scutum brown-
scaled, forming single middorsal dark stripe contrasting with pale-scaled sublat-
eral 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; probos-
cis usually entirely dark-scaled; tarsal claw smaller, more evenly curved beyond
subbasal tooth, distal portion not thickened (Fig. 88); Saskatchewan west-
WA e e e increpitus

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

stimulans mercurator

Figs. 86, 87. Scutum of female of Aedes species.
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Figs. 88-92. Fore tarsal claw of female of Aedes species.

18. 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
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 Fing ... 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

WITE VEIMS ..ot oot 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, ..................... 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 45° OT MOTE ..o 21

Tarsal claw shorter, more strongly curved (Figs. 90, 91), with longer subbasal
tooth one-quarter or more total length of claw; angle between claw and subbasal

tooth 40° or less; hypostigmal area without scales................................... 22

21. Hypostigmal area usually with a patch of scales; scutum mostly orange-
Scaled. ... riparius
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
brown scutal Pattern ... euedes

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-

scaled lateral @reas ... SJitchii
23. Postprocoxal membrane with scales (Fig. 75) ... 24
Postprocoxal membrane bare (Fig. 74) ..o 34

24. Wing veins R,, Ry, M, and A with pale scales, other veins mostly dark-scaled;
abdomen usually (especially in specimens from the Prairie Provinces) with
middorsal longitudinal stripe of white scales in addition to transverse white

DANAS ... spencerii
Wing veins all predominantly dark-scaled, except sometimes at base; abdominal
tergites with transverse basal white bands only..................................... 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
NUMETOUS SCAttered SELAC...................oiiiiiioe i 26

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
SCATLETEA SELAC ...t 27
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Figs. 93-95. Left lateral view of Aedes species: 93, thorax showing extra post-
pronotal 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
paler pollinose band paralleling transverse SUtUre ..., impiger

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 ... nigripes

27. Anepisternum (hypostigmal, subspiracular, and postspiracular areas combined)
almost completely covered with white scales except for a small central bare
patch in middle of subspiracular area (Fig. 94) ... 28

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.
8 ) et cataphylla

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
claw rather straight, with small subbasal tooth (Fig. 99) ......................, provocans

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...................ccoonin, implicatus

Scales along dorsal edge of katepisternum extending to anterodorsal corner (Fig.
101, a); scales of mesepimeron extending to its ventral margin (Fig. 101, b);
dorsum of head and periphery of scutum yellow-scaled (among arctic specimens

96 impiger Q7 nigripes 98 cataphylla 99 provocans

Figs. 96-99. Fore tarsal claw of female of Aedes species.
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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-
SCAled .o 30

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
sublatera!l area, are 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 apex;
costa of wing usually dark-scaled at base ... 33

32. Underside of proboscis with some pale scales...........................ccccoon, schizopinax
Underside of proboscis entirely dark-scaled ... hexodontus

33. Scutum with a single broad middorsal longitudinal stripe of scales that are
distinctly darker brown than those of sublateral area (Fig. 87).................. punctor

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, 5) ........ TSRS cinereus
Anepisternum densely scaled along ventral margin; fore coxa pale-scaled (except
inaurifery........................ R OO RPOO 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.
B e trivittatus

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

36. Abdominal tergites each 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
band of white scales on apical segments) ... 42

implicatus hexodontus cinereus

Figs. 100-102. Left lateral view of thorax of female of Aedes species showing scale
patterns of mesopleuron.
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communis churchillensis puHaIus rempeh hendersoni  triseriatus

Figs. 103-108. 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
displaced from elseWhere) ..................c.cooioiiiii 38

Anterodorsal corner of katepisternum bare (Fig. 100, @) (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
NaOH treatment of the pleuron) ... 40

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-
pimeral setae abSent.............c.ocooiiviiiiiiicii sticticus

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

brown; lower mesepimeral setae present................coii e 39
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 submedi-
an stripe lacking (these scales can be slightly narrower, giving the stripe a
darker appearance because of exposure of integument); pedicel yellowish later-
ally, paler than clypeus; setae of antepronotum and scutum mixed yellow and
brown; erect and recumbent scales on vertex yellow, concolorous; integument of
head and body medium to light brown ... intrudens

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
POLIIOSILY . ..o 4]

4], Mesepimeron with scales extending to anteroventral corner; upper border of
postpronotum with scattered setae; hypostigmal scale patch usually present
(Fig. 84, d); tarsal claw evenly curved with prominent subbasal tooth (Fig.
L0 e pullatus

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.
TOO) ... rempeli

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 ... 44
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111 diantasus

PRI

112 decticus

110

thibaulti diantaeus

Figs. 109-112. Female of Aedes species: 109, 110, dorsal view of scutum; 111, 112,
fore tarsal claw.

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

SCALES ..ottt hendersoni
Tarsal claw evenly curved (Fig. 108); metameron usually with one or two
SCALES ... 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 ... aurifer

Dark brown scales anterior to transverse suture confined to submedian and
median stripes (Figs. 109, 110); lateral and sublateral areas completely pale-
scaled (some decticus have sublateral dark patches); acrostichal and dorsocen-
tral 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
DATE ... e, thibaulti

Dark brown submedian stripes of scutum narrower, completely separated medial-
ly by a narrow median stripe of yellow scales (Fig. 110); 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. 111) ..., diantaeus

Scales of vertex and postpronotum predominantly yellow, usually with patches of
brown scales; fore tarsal claw more strongly curved (Fig. 112)................ 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
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similar hind tarsal claws. However, because the scales are sparser or more
casily 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 used first,
followed by those of the terminalia. Unfortunately, the external characters
of the banded-legged species of the excrucians group (couplets 13-21) and
most of the black-legged species (couplets 27-41) 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.

1. Tarsomeres ringed with bands of white scales (Figs. 69-73) ... 2
Tarsomeres dark-scaled, without rings of white scales, although scattered white
SCA1ES MAY DE PIESEIME ......iii oo 22

2. Basal three tarsomeres, especially of hind leg, each with both base and apex
white-scaled (white rings need not be of equal width) (Figs. 69, 70).................. 3
Basal three tarsomeres each with ring of white scales at base only (Figs.
T ) oo 9

3. Palpus longer than proboscis, with dense brushes of long setac on fourth
palpomere and apex of third (Fig. 113); apical lobe of gonocoxite present ......... 4

Palpus equal to or shorter than proboscis, without dense brushes of setae (Fig.
114); apical lobe of gonocoxite absent, with the gonocoxite tapering evenly to
ADEX .ot 7

4. Wing veins entirely dark-scaled; abdomen mostly dark-scaled dorsally, with
white scales confined to transverse basal bands; postprocoxal membrane bare;
claspette filament narrowly sickle-shaped, without expanded region (Fig. 118
D) e canadensis

Wing veins, especially basal portion of radius, with white and brown scales
intermixed; abdomen mostly white-scaled; postprocoxal membrane with scales;
claspette filament expanded (Fig. 1205) ...t 5

5. 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
shorter spine (Fig. 115a) ... dorsalis

Hind tarsal ¢law bent just distal to subbasal tooth; subbasal tooth longer, about
half as long as distance between apices of tooth and claw (Figs. 1165; 117b);
basal lobe of gonocoxite either with one large and one small spine arising side by
side (Fig. 117a) or with one large and two or three small spines (Fig. 116a) .....6

114 sierrensis

113 dorsalis

Figs. 113, 114. Left lateral view of head of male of Aedes species. Showing
differences in the palpus (antenna omitted).
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- REENN
115 dorsalis 116 campestris 117 melanimon Y

Figs. 115-117. Aedes species: a, basal lobe of gonocoxite; b, hind tarsal claw; x-y,
length of subbasal tooth; x-z, length of main claw.

6. Setose surface of basal lobe of gonocoxite somewhat convex, inclined posterodor-
sally, with thicker spines at base of dorsal edge of lobe not strongly differentiat-
ed in size or sclerotization (Fig. 116a) ... campestris

Setose surface of basal lobe of gonocoxite flattened, inclined posteroventrally,
with one short and one long enlarged spine arising side by side at base of dorsal
edge (Fig. 117a) ..o melanimon

7.Last hind tarsomere entirely brown-scaled; hind claw with subbasal tooth;
medioventral edge of gonocoxite angulate at level of claspette filament, bearing

a dense fringe of long hairs overlapping with those of opposite side............ togoi
Last hind tarsomere entirely white-scaled: hind claw without subbasal tooth;
medioventral edge of gonocoxite lacking basal angle and dense fringe................ 8

8. Palpus subequal in length to proboscis, with rings of white scales at intersegmen-
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
of gonocoxite 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. 71)......10
White rings of tarsal segments relatively broad, those of second or third hind
tarsomere occupying one-third or more of tarsomere (Fig. 72)........c.cococooooo.., 11

10. Mesepimeral setae present; hind claw without subbasal 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; gonostylus with subapical spine; claspette stem broad, terminating in a
clump of setae, filament absent.....................ccoocooeoeoo vexans

—_—

I
a b
/ %

118 nigromaculis 119 fitchii 120 increpitus 121 riparius

Figs. 118-121. Male of Aedes species: a, basal lobe of gonocoxite; b, lateral view of
claspette filament.
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11. Basal lobe of gonocoxite a small rounded tubercle (Fig. 118a); apical lobe not
differentiated; claspette filament a narrow, nearly parallel-sided rod (Fig.
L8 oo 12

Basal lobe of gonocoxite a conical or triangular lobe (Figs. 119a-121a), often
extending part way along mediodorsal margin of gonocoxite (Figs. 124a-126a);
apical lobe prominent; claspette filament expanded at or near middle (Figs.

11985 120B) oot 13

12. Postpronotum mostly scaled, with yellowish brown scales occupying its upper
third; WeStern ProVinCes .............ccocoviiiiiiii s nigromaculis
Postpronotum mostly bare, with yellowish brown scales confined to its upper
margin; Maritime provinces and southwestern Ontario ................... sollicitans

13. Basal lobe of gonocoxite with a strongly differentiated enlarged spine in addition
1o fine hairs (Fig. 119@) .. ..o o 14
Basal lobe of gonocoxite with fine hairs only (Fig. 120a) ... 18

14. Claspette filament with a sharp angle near base of concave side (Fig.

Claspette filament lacking such an angle on concave side (Figs. 120b; 121b) .....15
15. Claspette filament with a long parallel-sided stem-like base, not expanding until
near middle (as in Fig. 120b); abdominal tergites largely dark-scaled except for

basal transverse white bands ... 16
Claspette filament expanding from base (Fig. 1215); abdominal tergites with
numerous scattered pale sCales ... 17

16. Integument of scutum reddish brown; middorsal stripe and sublateral area of
scutum 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
midline (Fig. 122@) ..o oot e stimulans

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

to base of spine on opposite lobe (Fig. 123a) ... mercurator
(
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Figs. 122-126. Aedes species: a, dorsal view of gonocoxite; b, hind tarsal claw.
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19.

20.

21.

22.

23.

. 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.................... fitchii

. Basal lobe of gonocoxite depressed, triangular, extending half way to apical lobe
(Fig. 124a); large yellowish species .....................................[lavescens
Basal lobe of gonocoxite conical, strongly pointed medially (Fig. 121a); reddish
OTANEE SPECICS ..ot ee oo riparius

Basal lobe of gonocoxite distinct (Fig. 120a); cylindrical stem-like base of
claspette filament as long as blade (Fig. 12056); first abdominal sternite covered
with scales and hairs ... increpitus

Basal lobe scarcely differentiated, extending nearly to base of apical lobe (Figs.
125a; 126a); cylindrical base of claspette filament much less than half as long
as blade; first abdominal sternite bare ... 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.
125b); apical lobe small, ending before base of gonostylus (Fig. 125a)................
..................................................................................................................... excrucians

Hind claw less 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. 1268) ... 21
Apical lobe extending to or beyond base of gonostylus (Fig. 126a) ............... euedes
Apical lobe smaller, ending before base of gonostylus (as in Fig.

125@) oo e aloponotum

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) ... cinereus
Palpus more than three-quarters as long as proboscis; anepisternum scaled along
ventral margin; gonostylus unforked, arising at apex of gonocoxite.................. 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
width of segment) (Figs. 128—130) ... 24

129  triseriatus 130  hendersoni

Figs. 127-130. Head of male of Aedes species: a, left lateral view of head; b, fore
tarsal claw.
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Apical one-quarter or one-third of third palpal segment distinctly enlarged,
bearing a conspicuous tuft or fringe of 50 or more long setae arising from
ventrolateral surface (as in Fig. 113) ... 28

24. Scales of postpronotum and sublateral and lateral areas of scutum anterior to
transverse suture silvery white; scales of postpronotum rounded or oval, overlap-
ping each other; terminal spine of gonostylus half as long as remainder of
gonostylus (Fig. 132); apical lobe of gonocoxite undifferentiated; medioventral
edge of gonocoxite with small tuft of setac at mid length; claspette a sickle-
shaped unexpanded rod (Fig. 134) ... 25

Scales of postpronotum and of sublateral and lateral areas of scutum anterior to
transverse suture yellow or yellowish brown; scales of postpronotum crescent-
shaped, not overlapping; terminal spine of gonostylus one-quarter or less the
remaining length of gonostylus (Fig. 133); apical lobe of gonocoxite well-
defined; medioventral edge of gonocoxite with either a large dense conspicuous
tuft of setae on distal half or no tuft; claspette filament greatly expanded and
cither fenestrated or elaborately convoluted (Figs. 135-137) ..., 26

25. Apex of third palpal segment with a distinct tuft of about 10 long setae (Fig.
130a); ventrolateral edge of fourth palpal segment with a fringe of long setae;
fore and mid enlarged tarsal claws each with both basal and subbasal tecth
(Fig. 130b); mediodorsal margin of gonocoxite concave, and with fewer setae, at
i TENEER ..o hendersoni

Apex of third palpal segment with at most two or threc long setac (Fig. 129a);
fourth palpal segment with scattered long setae but lacking a distinct fringe;
fore and mid enlarged tarsal claws each with subbasal tooth only (Fig. 1295);
mediodorsal margin of gonocoxite straight, with setae distributed evenly along
its entire IEMEEN ..o triseriatus

26. Fourth and fifth palpal segments without fringes or tufts of long setae (Fig. 128);
submedian dark brown stripes of scutum confluent medially, the median yellow
stripe absent or narrowly V-shaped and restricted to anterior half of scutum;
gonocoxite lacking a dense medioventral tuft of setae; claspette filament arising
from a short subapical side branch of claspette stem, and with a flattened
median finger-like lobe overlapping its opposite number (Fig. 135)........ thibaulti

Fourth and fifth 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 gonocoxite with a
conspicuous brush of long setae; claspette filament arising from apex of
claspette stem, fenestrated or convoluted, but without median lobe overlapping
midline (Figs. 136, 137) .o 27

triseriatus )
cinereus diantaeus triseriatus thibaulti diantasus gecticus

Figs. 131-137. Male of Aedes species: 131-133, gonostylus; 134-137, claspette
filament, 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 ... decticus

28. Basal lobe of gonocoxite bearing distally one or two long, thick, apically directed
bristles paralleling median margin of gonocoxite (Figs. 138-141)...._.._ S 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
retrorse projection (Fig. 1385) ... aurifer
Basal lobe of gonocoxite with two apically directed bristles (Figs. 139a—141a);
setae, if present, at apex of ventral surface of gonocoxite, not confined to
extreme apex and not as long as gonostylus............................o 30

30. Gonocoxite lacking a large medially directed spine arising near basal lobe (Fig.
139a); claspette filament small, conical, and transversely striated (Fig. 1395);
membrane between first abdominal tergite and sternite with large patch of
white scales, usually visible only from below..................cc.cocoooiive provocans
Gonocoxite with a large medially directed spine arising near basal lobe (Figs.
140a; 141a); claspette filament blade-like, smooth (Figs. 140b; 1415); mem-
brane 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. 140q); claspette stem with seta-bearing side branch
(Fig. 140D) ..o e intrudens
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. 1418) ... pullatus

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. 145a) ... 34

provocans ;

rifer g
aun £§

intrudens pullatus

Figs. 138-141. Male of Aedes species: a, dorsal view of basal lobe of gonocoxite; b,
lateral view of claspette.
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145
sticticus

trivittatus

Figs. 142-145. Male of Aedes species: 142, 143, dorsal view of basal lobe of
gonocoxite; 144, lateral view of claspette; 1454, dorsal view of basal lobe of
gonocoxite; 1455, lateral view of claspette filament.

33. Postprocoxal scale patch present; basal lobe of gonocoxite broadly conical (Fig.

L) o nigripes
Postprocoxal scale patch absent; basal lobe of gonocoxite long, narrow, finger-
like (Fig. 143) i e rempeli

34. Convex ventral side of claspette filament with sharp retrorse projection (Fig.
144); paratergite bare ... trivittatus
Convex side of claspette filament evenly rounded; paratergite with patch of
SCALES .. ..o 35

35. Basal lobe of gonocoxite 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. 151-153); concave edge of claspette 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 .o e 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
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Figs. 146-150. 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.
151a; 152a); medial edge of apical lobe of gonocoxite with short, thick, curved,
ventrally directed setae (Fig. 148); claspette filament relatively short, four times
longer than wide, tapering rather abruptly distally, inflated, droplet-shaped in
section (Fig. 1526, ¢), without flange or keel on convex side (punctor sub-
BTOUP) .o 38

Enlarged seta of basal lobe arising lateral to a row of setae (Figs. 153a; 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. 153€; 156C) .. ooo oo oo 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

SCULAC......i e abserratus
Basal lobe relatively large and triangular (Fig. 152a); enlarged seta of basal lobe
longer than all other setae ... aboriginis
hexodontus

............... punctor

schizopinax

39. Distal surface of basal lobe of gonocoxite concave, with its ventral margin
fringed with rather widely spaced, long, curved setae (Fig. 153a); apical lobe of
gonocoxite with a group of long straight setae projecting ventrally (Fig. 149);
claspette filament with keel displaced medially from the normal midventral
position, usually also with a second lower keel along ventrolateral edge (Figs.
153D, €)oo e, 40

Distal surface of basal lobe convex, with its ventral margin lacking fringe of long
setae (Figs. 156a; 157a); apical lobe of gonocoxite without long setae on median
edge; claspette filament with midventral keel in line with body of filament (Figs.

156D, €; 157D, €} oovoivoioce e 42

40. Postprocoxal membrane with scales; scutal setae mostly dark brown .......... pionips
Postprocoxal membrane bare; scutal setae yellow to bronze..............c....cc..co....... 41
41. Setae at apex of third and at base of fourth palpomeres extending beyond apex of
fourth segment (Fig. 155) .. ... e communis
Setae at apex of third and at base of fourth palpomeres not reaching apex of
fourth segment (Fig. 154) ... churchillensis

===

1652 153~
abserratus punctor communis

Figs. 151-153. Male of Aedes species: a, dorsal view of basal lobe of gonocoxite; b,
lateral view of claspette filament; c, cross section of claspette filament.
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155“ communis

Figs. 154, 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 612 long posteromedially directed setae
arising from dorsal surface of gonocoxite lateral to apical lobe (Fig.
150) oo ST implicatus

Apical lobe of gonocoxite less prominent, evenly rounded if narrow, parallel-sid-
ed, and then distally rather than medially directed; dorsal surface of gonocoxite
without cluster of 10Rg SetaC. ... 43

43. Medioventral edge of gonocoxite with numerous long medioventrally directed
setac; median edge of basal lobe with a dense row of closely spaced setae ventral
to the enlarged seta (Fig. 156a); apical lobe at least as wide as adjacent portion
of gonocoxite bearing gonostylus; hypostigmal area usually with a patch of
scales; basal two-thirds of third palpal segment predominantly white-
SCALEA ..o cataphylla

Medioventral edge of gonocoxite with relatively few long setae; median edge of
basal lobe with a sparse fringe of about 10 well-spaced setae (Fig. 157a); apical
lobe reduced, narrower than adjacent portion of gonocoxite bearing gonostylus;
hypostigmal area bare; palpus entirely dark-scaled ... impiger

Key to the species of Aedes of Canada—fourth-instar
larvae

The third instar resembles the fourth instar in most respects (see
chapter on morphology) except that the saddle never encircles the anal
segment, the comb scales are fewer, and the setae have fewer branches. The
second 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.

Y.
156 cataphylla 157  impiger

Figs, 156, 157. Male of Aedes species: a, dorsal view of basal lobe of gonocoxite; b,
lateral view of claspette filament; ¢, cross section of claspette filament.



togoi atropalpus provocans

Figs. 158-161. Left lateral view of terminal segments of larva of Aedes species.

1. 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 dedes and all four instars of atropalpus and togoi) ....................cc....cooo.o... 2

Saddle encircling dorsal half or more of anal segment, with seta 1-X arising from
within margin of saddle, closer to its posterior margin than to its ventral margin
(Fig. 161) (fourth instars of all but atropalpus and togoi)................................... 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 1-X arising from membrane ventral to saddle margin; anal
papillae longer than siphon; in rock pools of Eastern Canada .............. atropalpus
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 10 or more branches in last instar; prothoracic seta 4-P as long as
1-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 10 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
COUPLEE ... 4

4. Siphon with one or more distal pecten teeth more widely spaced than remaining
teeth (as in Figs. 160, 161) (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
Table 3) oo 5
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 regu-

larly distally (as in Figs. 158, 159) .. ., 22

5. Siphon with several paired lateral and subdorsal branched setae in addition to
siphonal seta 1-S (Fig. 161) ... provocans
Siphon without branched setae except for siphonal seta 1-S__......__......... 6
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6. Prothoracic seta 6-P with two or more branches; setae 5-P and 7-P multi-
branched, usually with 4 or 5 and 6 or more branches respectively (Fig. 162);
abdominal segments ITI-VII each with a conspicuous, long, dorsolateral seta (as
in Fig. 182); saddle usually completely encircling anal segment in fourth instar
(as in Fig. 178a); tree line and tundra species ... nigripes

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 decticus are closely approximated, and occasional specimens
have a narrow connection); boreal and southern species ... 7

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
SIPHOM . ...t cataphylla

Pecten teeth confined to basal two-thirds or less of siphon, followed by siphonal
seta 1-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
half Of SIPRONY ..o 8

8. Mesothoracic seta 1-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
branches, and seta 6-C usually single (rarely double).................... campestris

Mesothoracic seta 1-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,
then seta 6-C at least triple ... 9

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);
saddle not encircling anal segment except in nigromaculis........................... 10

162 o 163 ) 164 . 165
nigripes campestris excrucians spencerii

Figs. 162-165. Head and thorax of larva of Aedes species: 162, 163, dorsal view;
164, 165, ventral view.
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13- ¥13-1v 13_\} ) 166 B 167
excrucians spencert

Figs. 166, 167. Left lateral view of abdomen of larva of Aedes species.

10. Abdominal segments III-V each with a conspicuous long ventrolateral seta
(13-111, 13-1V, and 13-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;
prothoracic seta 10-P at least two-thirds as long as any of the branches of 7-P
(Fig. 164); four or more precratal setae (Fig. 166, pc); mature larva about 10
I LOTIE Lo 11

Abdominal segments I1I-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
(Fig. 165); four or fewer precratal setae; mature larva 8 mm or less long ......... 15

11. Abdominal segments IV and V each with a dorsolateral seta (1-1V, 1-V) as long
as either lateral seta (6-1V, 6-V) or ventrolateral seta (13-1V, 13-V) of same
segment (Fig. 166); siphon long, abruptly narrowed apically, its apical diameter
one-seventh as long as siphon; seta 9-S on ventrolateral flap at apex of siphon a
Strong, CUIVEd ROOK ..o 12

Abdominal 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
more than one-sixth as long as siphon (Fig. 168); seta 9-S on ventrolateral flap

at apex of siphon relatively weak, scarcely curved............ 13

12. Integument of thorax and abdomen with a fur-like vestiture of minute hairs;
southwestern British Columbia only................ aloponotum
Integument without minute hairs; transcontinental........................ excrucians

1=V,

NN

*upper and lower lateral setae an other than segment Il are omitted

168 cuedes 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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13. Comb scales large, 10 or fewer (usually 6-8); no conspicuous dorsolateral setae
(1-1V to 1-VII) on abdominal segments IV, V,or VIL.................... riparius
Comb scales more than 10; abdominal segments V and VII each with dorsolater-

al setae (1-V, 1-VII) usually at least half as long as lateral setae (Fig. 168).....
14. Pecten teeth extending beyond middle of siphon; siphonal seta 1-S arlsmg
two-thirds to three-quarters of the distance from base of siphon; anal papillae
brown, one and one-half times as long as saddle in life; sublateral seta 7-I1 on
second abdominal segment usually with five or fewer branches (Fig. 168).enedes
Pecten teeth not extending beyond middle of siphon; siphonal seta 1-S inserted
near midpoint; anal papillae transparent, no longer than saddle; sublateral seta
7-1I with five or more branches (Fig. 169) ..., avescens
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
more branches (rarely three or four) ... cinereus
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
elongate as in aurifer and some diantaeus (Figs. 174, 175) ... 16
16. Siphonal seta 1-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
(@S 1N Fig. 1685) e 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. 170a,b);
prothoracic seta 8-P nearly as long as either branch of 7-P (as in Fig. 164)......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.
173 e 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;
antenna longer, more than one-third as longas head ... 18

F~maxiilary
7 palpus

171 spenceril

170 intrudens

Figs. 170, 171. Aedes species: a, left lateral view of head of larva; b, left lateral
view of maxilla (enlarged relative to Fig. 170a); 171, left lateral view of maxilla
(enlarged as in 170b).
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cinereus nigromaculis diantaeus aurifer decticus triseriatus

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 setac (13-III to 13-V) of
abdominal segments III-V almost as long as lateral setae (6-1II to 6-V) of same
segment (Fig. 167) ... spencerii

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 setac of abdominal segments
THI-V MINULE e e vexans

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
inastraight HNne............... aurifer

Antenna pale to dark brown, evenly tapering from base to apex (Figs. 176, 177);
head setae 4-C and 6-C usually arising somewhat anterior to a line between 5-C
ANA T-C oo 20

20. Antenna shorter than half maximum head width; saddle incised at its posterolat-
eral corner (Fig. 179); siphonal seta 1-S sometimes arising quite close to base of
last pecten tooth, even proximal to it ..o intrudens

Antenna longer than half maximum head width (Figs. 174, 176); saddle not
incised at its posterolateral corner; siphonal seta 1-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
SCALES 613 . i diantaeus

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,
thickened almost to apex; comb scales 5—7 ..o decticus

22. In tree rot cavities, occasionally in artificial containers; antenna smooth, without
spicules; antennal seta 1-A usually single (Fig. 177); head seta 6-C usually with
more branches than seta 5-C; head seta 4-C exceptionally large, about half as
long as seta 6-C; saddle seta 1-X branched ... 23

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-cighth or less the length of seta 6-C; saddle
SEtA 1=X SINGLE ...t 25
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23. Thoracic setae 1-P, 1-M, and 1-T, and abdominal setae 1-I to 1-VII and 13-1 to
13-VII each with three or more stellately arranged branches (Figs. 180, 181);
pecten teeth extending beyond basal one-third of siphon ... 24

Thoracic setae 1-P, 1-M, and 1-T, and abdominal setae 1-1 to 1-V1I and 13-I to
13-VII each single or double; pecten teeth confined to basal one-third of siphon;
British Columbia Only. ... sierrensis

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 1-I to 1-VII and 13-I to
13-VII each with four or more branches; Eastern Canada.................. triseriatus

Anal papillae about three times as long as saddle, the ventral pair as long as
dorsal pair (Fig. 180); saddle somewhat triangular in side view, its anteroventral
corner truncated; acus free from siphon; thoracic setae 1-P, 1-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

25. Mesothoracic seta 1-M as long as head seta 5-C (as in Fig. 163) ... 26
Mesothoracic seta 1-M minute, less than one-third length of seta 5-C (as in Fig.
162 oo 35

26. Siphon exceptionally long and slender, four-five times as long as maximum
width, and seven—eight times as long as wide at apex; seta 9-S on ventrolaterat
flap at apex of siphon thick and strongly curved, hook-like; abdominal segments
III-VII each with a long, well-developed dorsolateral seta (1-II1 to 1-VII) that
is as long as lateral seta (6-1T to 6-VII) of the same segment and almost twice
as long as height of that segment (Fig. 182) ... SJitchii

Siphon less than four times as long as wide at base and less than six times as long
as wide at apex; seta 9-S not thickened or strongly curved; dorsolateral seta
(1-I11) minute on abdominal segment III (except in rempeli, with single head
setae); dorsolateral seta 1-VI on segment VI also minute (except in dorsalis and
cantator, in which dorsolateral seta is shorter than lateral)...................... 27

27. Mesothoracic seta 1-M double or triple at least in fourth instar (Fig. 163) (an
occasional specimen of dorsalis may have 1-M single); anal papillae shorter
Than SAAAIE ..o 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 6-C
dOUDIE OF £TIPLE) ... 30

T 181
. ~
nigromaculis intrudens hendersoni / \s Ir|ser|atus/

Figs. 178-181. Left lateral view of terminal segments of larva of Aedes species.
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28.

29.

30.

31.

32.

33.

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
1-P; dorsolateral abdominal setae 1-1V to 1-VII each as long as upper lateral
seta (6-1V to 6-VII) of same segment ..o 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
1-P; dorsolateral abdominal setae 1-IV to 1-VII each no more than two-thirds
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 1-IV to 1-VII and lower lateral
seta 7-1I minute, less than one-tenth as long as upper lateral seta of same
SEZIMENT ... campestris

Head seta 5-C usually single (sometimes double, rarely triple); pecten teeth
confined to basal half of siphon; dorsclateral abdominal setae 1-IV to 1-VII and
lower lateral seta 7-I1 about one-third as long as upper lateral seta of same
SEEIMCIIE ...t dorsalis

Head setae 5-C and 6-C each single; abdominal segment IIT with long dorsolater-
al seta 1-III (as in Fig. 182); saddle completely encircling anal segment in

fourth INSEAT ... rempeli
Head setae 5-C and 6-C each with three or more branches; dorsolateral seta 1-111
minute; saddle partly encircling anal segment.....................ci 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 1-IV to 1-VII all double or triple and
subequal in length ... cantator

In freshwater inland habitats; anal papillae at least as long as saddle, with the
ventral pair as long as the dorsal pair; dorsolateral setae 1-IV to 1-VII not as
above, either single or double, if double, seta 1-VI markedly shorter than seta
1-V (aboriginis, in which these setae appear similar to those in cantator, is

found on the Pacific coast) ... 32
Prothoracic setae 2-P and 3-P both short, fine, less than half the length and
thickness of 1-P .. . mercurator
Prothoracic setae 2-P and 3-P each more than half as long as 1-P (Figs.
L8186 oot i, 33

Lower lateral seta 7-11 of second abdominal segment single or double, half as
long as lateral seta 6-11 immediately dorsal (as in Fig. 168); seta 1-X usually as
long as saddle..................... aboriginis

Lower lateral seta 7-II of second abdominal segment with three or more
branches, much shorter than half the length of lateral seta 6-1I (as in Fig. 169);
seta 1-X less than half as long assaddle ... 34

Figs. 182, 183. Left lateral view of larva of Aedes species: 182, abdomen; 183,
terminal segments.
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187 188

pionips pullatus punctor pionigs  pullatus

Figs. 184-188. Aedes species: 184-186, dorsal view of head and thorax of larva;
187, 188, comb scale (enlarged).

34. Mesothoracic setae 1-M and 3-M subequal in length, both at least half as long
and as thick as 1-P (Fig. 184); usually more than 60 comb scales; each scale
with small base and long apically broadened apex fringed with subequal spinules
(FIZ. 187) oot oot pionips

Mesothoracic seta 1-M one and one-half times as long as 3-M (Fig. 185); fewer
than 60 comb scales; cach scale more pointed, with longer median spine; base
and apex of scale subequal in length (Fig. 188) ..o, pullatus

35. Prothoracic setae 2-P and 3-P almost as long and as thick as each branch of 1-P
(Fig. 186); seta 1-P usually double; saddle completely encircling anal segment
I TASE ATUSEAT oot eeeeee et e et 36

Prothoracic setae 2-P and 3-P weak, both usually less than half as long as 1-P;
seta 1-P usually single; if saddle complete, siphon less than two and one-half
times as long as greatest width.......... 38

36. Upper caudal seta 2-X unbranched, as long as 3-X (Fig. 183); dorsolateral setae

1-1V and 1-V minute, less than half as long as 6-1V and 6-V ... abserratus
Upper caudal seta 2-X branched, markedly shorter than 3-X; dorsolateral setae
1-IV and 1-V longer than two-thirds length of 6-1V and 6-V ..o, 37

37. Prothoracic seta 5-P usually single; comb scales 5-25, usually more than 10, each

scale 0.06—0.08 mm long, shorter than last three or four pecten teeth...... punctor
Prothoracic seta 5-P usually double; comb scales 4-12, usually fewer than 10,
ecach scale longer than 0.1 mm, longer than all pecten teeth except the

S oo e hexodontus
38. Siphonal seta 1-S shorter than abdominal seta 5-VIII and shorter than apical
diameter of siphon (as in Fig. 178)....... e, 39
Siphonal seta 1-S longer than abdominal seta 5-VIII and longer than apical
diameter Of SIPROM .......co. oo s 42
39. Saddle completely encircling anal segment in fourth instar; siphon two and
one-half times as long as maximum width or less ... 40
Saddle incomplete; siphon more than two and one-half times as long as maximum
WAL o oo 41

40. Anal papillae bud-like, much shorter than saddle; in saline marshes......sollicitans
Anal papillae as long as anal segment; in temporary summer rain pools.frivittatus
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) 190

melanimon sticticus

Figs. 189, 190. Dorsal view of head of larva of Adedes species.

41. Head capsule with dorsal median circular darkly pigmented spot and a transverse
crescent-shaped darkly pigmented bar behind it (Fig. 189); 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
pair of anal papillae subequal to dorsal pair (as in Fig. 198) ................ sticticus

42. Head seta 6-C arising between 5-C and 7-C in a straight line (as in Fig. 172);
maxilla long and pointed (as in Fig. 170); clypeal setae small, pale brown,
separated from one another by more than their own length; a rare species found
in southern Ontario in inundated hollow stumps or logs ... thibaulti

Head seta 6-C arising anterior to a line between 5-C and 7-C; maxilla short and
blunt (Figs. 200-203); clypeal setae larger, darker, separated from one another
by less than their own length; in open habitats..................... 43

43. Prothoracic setae 8-P and 10-P both more than two-thirds as long as a branch of
7-P (Fig. 191); dorsolateral seta 1-IV of fourth abdominal segment about half
as long as scta 1-V on fifth segment; four or more precratal setae.................... 44

Either prothoracic seta 8-P or seta 10-P, or both, no more than half as long as
7-P (Figs. 192, 193); dorsolateral setae 1-IV and 1-V on abdominal segments IV
and V about the same length; usually fewer than four precratal setae............... 45

44. Prothoracic seta 2-P less than half as long as seta 1-P; mesothoracic seta 1-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 ...flavescens

Prothoracic seta 2-P more than two-thirds as long as seta 1-P; mesothoracic seta
1-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 three branches
in third instar), an occasional mature specimen may have only four on one side
but five or more on the other; mesothoracic seta 8-P longer than 10-P (Fig.
D92 e canadensis

\191 flavescens \192 canadensis 193 stimulans

Figs. 191-193. Ventral view of prothorax of larva and adjacent part of head of
Aedes species.
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197 198 199
impiger  stimulans - impiger  implicatus communis 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
TO-P (Fig. 103) i 46

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);

posterior lobe of maxilla narrowly rounded (Figs. 200-201) ..., 47
Pecten teeth each with two or more distinct basal cusps (Fig. 195); posterior lobe

of maxilla broadly rounded to truncated (Figs. 202, 203) ... 48

47. Comb scales 8-16, each with long spine-like apex and short apical spinules (Fig.
106 oo impiger
Comb scales 15-35, each fringed apically with long subequal spinules (Fig.
LT ) o implicatus

48. Spicules along posterior edge of saddle apparently absent (when viewed under a
dissecting microscope), but actually present though very small (too short to

project beyond edge of saddle) (Fig. 198) ... communis*
............................................................................................................. churchillensis*
Spicules along posterior edge of saddle projecting beyond saddle edge, thus easily
visible under magnification of 50X or more (Fig. 199) ... 49

49. Ventral pair of anal papillae shorter than dorsal pair (Fig. 199); Saskatchewan
AN WESE ... i e increpitus
Ventral pair of anal papillae more or less equal in length to dorsal pair (as in Fig.
198); Manitoba and east ... stimulans

Impiger implicatus increpitus jcommuni

Figs. 200-203. Left lateral view of maxilla of larva of Aedes species.

* These two sibling species can be separated only by analysis of populations (Ellis and Brust
1973).
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excrucians excrucians

excrucians gxcrucians

excrucians euedes

euedes euedes

Plate 8. Fore tarsal claws of Aedes spp.
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aloponotum riparius

fitchii fitch

stimulans stimulans

mercurator ncrepitus

Plate 9. Fore tarsal claws of Aedes spp.
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Aedes aboriginis Dyar

Plate 10; Map 9
Aedes aboriginis Dyar, 19175:99.

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
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 setac 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 1-P in length and thickness;
metathoracic seta 1-M as long as head seta 5-C; abdominal segment III
lacking a well-developed dorsolateral seta (1-111); lower lateral seta (7-IT) of
second abdominal segment usually double and over half as long as upper
lateral seta (6-11); 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 multi-
branched head setae, is easily distinguished from punctor and hexodontus,
but resembles mercurator or schizopinax.
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Plate 10. Aedes aboriginis
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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
segment occupies between one-third and one-half of the segment, and this
area may be significantly different from punctor.

Biology. An inhabitant of temporary rain and snow pools in the wet
Pacific coastal forest, larvae of aboriginis are one of the earliest 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 larvae
occurred from May to July in roadside ditches, associated with Aedes
pullatus, A. punctor, and Culiseta impatiens (Frohne and Sleeper 1951). In
Washington, larvae were found at the edges of open marshes and grassy-
edged temporary pools (Boddy 1948).

Map 9. Collection localities for Aedes aboriginis in Canada: * specimens we
examined.
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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 swarms 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 Sas-
katchewan, 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 11; Figs. 151, 183; Map 10

Culex abserratus Felt and Young, 1904:312.

Aedes centrotus Howard, Dyar, and Knab, 1917:747.
Aedes dysanor Dyar, 19215:70.

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 probasister-
num 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 narrow-
er 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 prominent, 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 1-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. 115, p. 150) as abserratus appear to be those of punctor.

Biology. 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 abun-
dant, however, in boggy situations, usually associated with larvae of Adedes
punctor, canadensis, and cinereus. They were not taken in temporary pools
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in hardwood forest, where Aedes communis, diantaeus, and intrudens 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 1973).

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

Aedes aloponotum Dyar

Plates 9, 12; Map 11
Aedes aloponotum Dyar, 19175:99.

Adult. Female: Integument reddish brown; proboscis mostly dark-
scaled; palpus dark-scaled, with same pale scales at base of second pal-
pomere, and fewer pale scales at base of third, not forming basal pale ring as
in excrucians; pedicel pale-scaled on medial half; vertex, upper two-thirds of
postpronotum and scutum predominantly yellowish brown scaled, resem-
bling 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 mesepim-
eral setac 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 gonacoxite 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 micro-
trichiae that are longer and denser than those of spencerii, hence readily
visible under a dissecting microscope at 40x or more; otherwise apparently
indistinguishable from excrucians.

Boddy (1948) noted, in addition to the differences given above, that the
upper lateral abdominal setae, series 6, of segments ITI-VI were double in
aloponotum, whereas they were single in excrucians. Many of our excru-
cians 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.

Biology. Larvae of aloponotum were collected from a pond heavily
overgrown with Veronica scutellata (Dyar 1924b), in a flooded semiperma-
nent 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 Oregon and Idaho.

Map 11. Collection localities for Aedes aloponotum in Canada: e specimens we
examined, A literature records.
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Aedes atropalpus (Coquillett)

Plate 13; Fig. 160; Map 12
Culex atropalpus Coquillett, 1902a:292.

Adult. Female: Integument dark brown; proboscis and palpus dark-
scaled; 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, brown-
scaled 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.

Map 12. Collection localities for Aedes atropalpus in Canada: ¢ specimens we
examined, A literature records.
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Male: Palpus dark-scaled, two-thirds as long as proboscis, with scat-
tered 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 1-A short, with at most three branches; meso-
thoracic seta 1-M as long as 1-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
1-VIII reduced, usually double rather than multiple, and about as long as
adjacent seta 2-VIII; saddle reduced, even in fourth instar, scarcely envelop-
ing dorsal third of anal segment; saddle seta 1-X arising from membrane
ventral to ventral edge of saddle; anal papillac greatly elongate. Additional
characters given in Table 3.

This is the only species in Eastern Canada, along with fogoi 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
1-M is usually shorter and single.

Biology. Larvae of A. atropalpus inhabit rock pools, that is, depres-
sions 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 1961). 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
water level 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,
probably through the micropyle, because eggs with the micropyle covered
did not respond (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 larvae are
vegetatively phototropic, burrowing in the bottom detritus for long periods.
Artificial containers such as concrete septic tanks, trees, and even a tree hole
(Hedeen 1953) have also been utilized by atropalpus (Breeland et al. 1961).

137



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 laborato-
ry 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
carbohydrate 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 atropalpus 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 New-
foundland (Labrador) south to Alabama.

Aedes auriter (Coquillett)

Plate 14; Figs. 138, 175; Map 13
Culex aurifer Coquillett, 1903a: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 katepis-
ternum, lower 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; abdomi-
nal 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 palpomere with dense tuft of
setae that does not extend beyond apex of fourth segment; fourth and fifth
palpomeres fringed laterally and medially with long setae; apex of gonocox-
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 of 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: ® specimens we
examined, A literature records.
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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 associated 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
aurifer, but no specimens exist to support this record, and the species has
not been taken there since. We have omitted Manitoba from the distribution
map.

Aedes campestris Dyar & Knab

Plate 15; Figs. 77, 116, 163; Map 14

Aedes campestris Dyar and Knab, 19075:213.
Aedes callithotrys Dyar, 1920a:16.

Adult. Female: Integument medium brown; proboscis and palpus
predominantly dark-scaled, with scattered pale scales; pedicel almost com-
pletely 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; basal tarsomeres mostly dark-scaled except for scattered
pale scales, and a fairly well defined pale apical ring; second 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 and 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 I1I and medial
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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; mesothoracic seta 1-M two- or
three-branched and as long as head seta 5-C; dorsolateral abdominal setae
I-III to 1-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 occasional-
ly 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 dorsolateral abdominal
setae 1-1I1 to 1-VII. 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 (75%) and nondiapause eggs (25%) were
found (Brust 1968 and personal communication). However, 88 batches from

Map 14. Collection localities for Adedes campestris in Canada: e specimens we
examined, A literature records.
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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 15°C, but they do not live to produce adults (Tauthong and
Brust 197756). Optimum development and survival occurred at 23°C.

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 campestris entering Kamloops came from a breeding
site 10 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 canadensis (Theobald)

Plate 16; Fig. 192; Map 15

Culex canadensis Theobald, 19015:3.
Culex nivitarsis Coquillett, 1904:168.

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
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hind tarsomere entirely white-scaled; wing veins, including base of costa,
entirely dark-scaled; abdominal tergites usually dark-scaled, each with basal
lateral patch of white scales, sometimes each with complete transverse basal
band of white scales.

Male: Palpus mostly dark-scaled, about as long as proboscis; seg-
ments III, 1V, and also usually 1 and V each with basal band of white
scales; apex of segment 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 dorsally; setae
shortest laterally, increasing in length to medial edge; apical lobe of
gonocoxite broadly rounded, bearing short stout setae; claspetie filament
cylindrical, tusk-like, without blade.

Larva. Usually darkly pigmented, with reddish brown head capsule;
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 setac 2-P and 3-P
less than half as long as and finer that seta 1-P; prothoracic seta 5-P single;
mesothoracic seta 1-M minute; pecten teeth evenly spaced; anal papillae
longer than anal segment; each comb scale 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, widespread, 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

Map 15. Collection localities for Aedes canadensis in Canada: ® specimens we
examined, A4 literature records.
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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
setaec are arranged linearly (with 7-C) in thibaulti, and mesothoracic seta
1-M is elongate in pionips and pullatus.

Remarks. Pickavance et al. (1970) reported an unusual adult of
canadensis from Newfoundland in which the first and second hind tar-
someres 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 mathesoni Mid-
dlekauff, 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 canadensis usually hatch in
spring, as do those of most Aedes, their hatching and subsequent develop-
ment is decidedly irregular compared to other Aedes. Early workers suspect-
ed a staggered hatch (Dyar 19225, Rudolfs 1929). In Tennessee, Breeland
et al. (1961) found hatching took place from the beginning of April through
May, and he postulated that hatching of some of the overwintering eggs was
delayed. Bickley and Whitlan (1956) found canadensis larvae in mid-
August in a pool that this species had vacated the previous mid-May. Belton
and Galloway (1966) and Siverly and DeFoliart (1968a) also suspected
either a staggered hatch or a second generation. Brust (1968) has shown
that in Manitoba 30% 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 canadensis
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, Que. (53°45'N), however,
canadensis larvae were contemporary with punctor, being among the first
species to appear long before cinereus (Maire and Aubin 1976). Neverthe-
less, small numbers of larvae were present until the third week of August,
again suggesting a staggered hatch because of the presence of some non-
diapausing eggs or some exceptionally cold or shaded habitats.

In northern Minnesota, Price (1963) found larvae of canadensis in
temporary woodland pools, roadside ditches, cattail and sedge marshes, and
muskeg pools. Rudolfs and Lackey (1929) described the habitat for cana-
densis 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.
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Females were attracted to and engorged on a variety of small mam-
mals, 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 19694). The virus of
California encephalitis has been isolated from this species (Parkin et al.
1972). According to Carpenter and Nielsen (1965), ovarian follicles of
female canadensis coming to bite were in stage I or I

Dyar (19195) 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 Florida.

Aedes cantator (Coquillett)

Piate 17; Fig. 78; Map 16
Culex cantator Coquillett, 1903a:255.

Adult. Female: Integument reddish brown; proboscis entirely dark-
scaled; palpus mostly dark-scaled, with a few scattered white scales; pedicel
dark-scaled medially, pale-scated dorsally; scutum medium brown, uniform-
ly covered with pale yellow scales without pattern; postprocoxal membrane,
hypostigmal area, and lower third of mesepimeron without scales; mesepim-
eral bristles present; fore coxa mostly brown-scaled; tibiae mostly dark-
scaled; 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 setac;
legs, wings, and coloration of scutum as in female; hind tarsal claws usually
lacking subbasa! tooth, occasionally one or both may have a small tooth;
basal lobe of gonocoxite rather small, conical, with long medially directed
spine; apical lobe present, but not prominent; claspette filament sickle-
shaped with somewhat expanded keel on convex side.

Larva. Head seta 5-C usually with four or five branches (rarely three
or up to ten); seta 6-C with two to eight branches; mesothoracic seta 1-M
single, as long as head seta 5-C; dorsolateral abdominal setae 1-11I to 1-VI
and ventrolateral abdominal setae 13-III to 13-VI double, about two-thirds
as long as upper lateral setae (6-II1 to 6-VII) of their respective segments;
pecten teeth evenly spaced; saddle reduced, occupying only upper half of
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anal segment; anal papillae extremely small, often encrusted with protozoa
or other deposits, and easily mistaken for the stumps of normal-sized
papillae that were broken off.

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, 4edes 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 cantator
is the more common of the two in early spring in New Jersey, whereas
sollicitans is more common in midsummer, possibly because of lower
salinity in the marshes at that time (Headlee 1916). Larvae of cantator 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/m?) 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, evidently because of the presence there of fish, but larvae were

Map 16. Collection localities for Aedes cantator in Canada: e specimens we
examined, A literature 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 Adedes
taeniorhynchus (Wd.) are infamous for their mass migrations inland.
Mitchell (1907) observed that males accompanied the females on these mass
flights. At Sackville, N.B., 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 cataphylia Dyar

Plate 18; Figs. 98, 156; Map 17

Aedes prodotes Dyar, 1917¢:118.
Aedes cataphylla Dyar, 1916:86.
Aedes pacificensis Hearle, 1929¢:101.

Adult. Female: Integument dark brown; proboscis and palpus mostly
dark-scaled, but 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; mesepimeral 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 scattered 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 numer-
ous, long, parallel, medioventrally directed setae; basal lobe of gonocoxite
conical, with single strong medially directed bristle subtending a single row
of long setae; apical lobe somewhat parallel-sided, subtruncate apically;
claspette filament with expanded flange on convex side arising at base of

filament.
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Larva. 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
siphon. Usually two or more pecten teeth arise distal to siphonal tuft. dedes
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
Edmonton (Strickland 1938) and Kamloops (Gibson 1929). A deep snow
cover favors a large hatch (Gibson 1932). The first instar was described and
drawn by Bohart (1954).

Females are active both by day and by night (Dyar 19224} and are
among the major pesi species in British Columbia and Alberta (Gibson
1928, 1929; Happold 19655). Carpenter and Nielsen {1965) recorded one
female of cataphylia that completed five ovarian cycles in 40 days.

Details of dispersal and swarming of cataphylla in the Edmonton area
were described by Klassen and Hocking (1964). Dispersal was initiated by a
downwind flight at twilight from the site of emergence. Male swarms
formed about 1 m above ground, near small bushes on a golf course.
Swarms also formed over animals and they moved as the animals moved.
Swarming males oriented themselves by flying into the wind.

Map 17. Collection localities for Aedes cataphylle in Canada: ¢ specimens we
examined, & literature records.
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Distribution. North America and Eurasia: Alaska and California east
to 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 cataphyl-
la from the western shore of Hudson Bay, where larvae were recovered from
rock pools and forest—tundra pools. The species has not been collected in
Manitoba by other workers, however, and this record should be verified.

Aedes churchillensis Ellis & Brust

Figs. 104, 154; Map 18

Aedes churchillensis Ellis and Brust, 1973:922.

Aedes communis: 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
(some communis lack submedian stripes as well). The salivary gland is only
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).

Map 18. Collection localities for Aedes churchillensis in Canada: * specimens we
examined.
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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
1973).

Biology. During early work on biting flies at Churchill, Man., some
populations of “communis” were discovered that had a smaller ratio of
proboscis length to wing length and these insects produced smaller individu-
als than did other communis 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 flight muscles were partly autolyzed to
provide the protein believed to be necessary for egg development. Subse-
quent 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
in a small cage without a preliminary swarming flight (Ellis and Brust
1973), whereas in communis, only an occasional mating occurred under
identical laboratory conditions.

Distribution. Central North America, at present known only from
Alberta and Manitoba.

Aedes cinereus Meigen

Plate 19; Figs. 102, 127, 131, 172; Map 19

Aedes cinereus Meigen, 1818:13.

Aedes fuscus Osten Sacken, 1877:191.

Culex pallidohirta Grossbeck, 1905:359.

Aedes cinereus race hemiteleus Dyar, 1924¢:179.

Adult. Female: 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 post-
spiracular setae; scales of katepisternum white, confined to two small areas
near posterodorsal and posteroventral corners; mesepimeron bare on lower
half, mesepimeral setae absent; abdominal 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 of 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 small 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 seta 7-C is A.
thibaulti, which has evenly spaced pecten teeth, a siphonal seta 1-S of
normal length, and bluish green body pigment that is not uniformly dis-
tributed but concentrated within each segment, giving the larva a beaded
appearance. A. vexans with similarly arranged pecten teeth and reduced
siphonal seta 1-S has fewer branched and nonlinearly arranged head setae.

Map 19. Collection localities for Aedes cinereus in Canada: e 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 19654, Graham 1969a). Brust
(1968) found that about half the eggs of this species were 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 complete 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 by Bohart
(1954).

Females of cinereus are most active at dusk, but they may bite anytime
during the day in shaded locations. They are not particularly aggressive and
usually attack man on the legs; thus they are hardly noticeable unless you
are seated or insufficiently dressed. Carpenter and Nielsen (1965) found
that most females completed only one ovarian cycle. Twinn (1931) 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 (1978) 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 from 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 completed.

Distribution. North Ameiica and Eurasia: Alaska and California east
to Newfoundland and Florida; Europe; Siberia, eastern USSR, northeastern
China, Korea, and Japan.

Aedes communis (De Geer)

Plate 20; Figs. 5, 103, 149, 153, 155, 198, 203; Map 20

Culex communis De Geer, 1776:316.

Culex lazarensis Felt and Young, 1904:312.
Culex borealis Ludlow, 1911:178.

Aedes tahoensis Dyar, 1916:82.

Aedes altiusculus Dyar, 19175:100.

Aedes prolixus Dyar, 1922a:2.

158



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 o