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ABSTRACT

In 1974 and 1975, mosquitoes were collected from eight locations
considered representative of three distinct ecological zones in
Saskatchewan and Keewatin District, H.W.T. - the grasslands, the
boreal forest, and the tundra. The geographic and seasonal
distribution of mosquitoes and their habitats are described and notes
are given on the 35 species. The environmental conditions that
determined species distribution are also discussed and it is suggested
that the rate of snowmelt in the spring and the amount of snow or
rain determines the date and extent of egg hatching. The temperature
of the water and air determines the rate of development of the eggs,
larvae and pupae, the rate of ovarian development in the adult
females and the general level of activity in adults. Distribution
does not appear to be affected by water quality or the presence of
parasites and predators. From this information it was possible to
forecast mosquito distribution and abundance, especially on a Tocal

scale.
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Chapter 1

INTRODUCTIOH

Weather and climate are commonly accepted by entomclogists as
dominant influences on the behaviour, abundance and distribution of
insects. The literature on the subject of climate and insects is
extremely voluminous, as may be seen by reading most texts on animal
ecology, examples being the large works of Andrewarfha and Birch
(1954) and Krebs (1972). Specific aspects of this field, such as the
influence of climate and weather on outbreaks of insect pests have
been studied extensively by entomologists at Agriculture Canada (see
for example, Burgess, 1974; Taylor, 1975; Fredeen, 1975). With the
increasing attention being focused on insect zoocgeography {(Gressitt,
1958; Krebs, 1972; Provost, 1974) it is now appropriate to consider
the relationships between climate and the distribution of a specific
insect - the mosquito.

So far as the physical environment is concerned, extension in
range of a mosquito species is considered to be 1imited by two broad
categories of controls, geographic barriers! and climate restrictions
(Ross, 1964). In the case of many mosquito species in southern
Canada, geographic barriers have been greatly reduced as a result of
man's activities. As a result of forest clearing for agricultural
purposes or irrigation developments, many species are no longer
limited strictly to their original ranges or to their original

balances with the environment (Shemanchuk, 1965, 1269; Mclintock and

lgarriers to dispersal caused by mountains, forests, or other
physiographic and vegetation formations.



Iversen, 1975). Because of this, climatic and other environmental
controls of mosquito distribution have commanded an increasing amount
of attention in Canada during the past half-century, particularly for
those species found in the northwestern transition forest section and
on the tundra (Hocking et. al., 1950; Twinn, 1950; Jenkins, 1958; and
Downes, 1964). Investigations in Saskatchewan by Rempel (1953),
McLintock and Rempel (1963), McLintock et. al. {1966) and Iversen et. al.
(1973) have concentrated almost entirely on the grasstand and southern
boreal forest species. The northern half of the province, the area
within the Canadian Shield, has not been investigated intensively.
Rempel (1953) stated that a knowledge of the species in
Saskatchewan would provide a useful extension to the comprehensive
studies carried out in the north and in the United States (see for
example, Mail, 1934; Barr, 1958).
1.1 ZONATIOMN OF MOSQUITOES IN THE WESTERN INTERIOR ARD ADJACENT ARCTIC

AREA OF CANADA

Three broad ecological regions can be distinquished within the
western interior and adjacent arctic area of Canada - the tundra
region, the boreal forest region (including the northwestern transition,
northern coniferous, mixed-wood and aspen-grove sections), and the
grassland region (Fig. 1.1). Within each region variation in such
factors as climate, soils, and hydrology provides numerous habitats
which result in distinct combinations of mosguito species with
differing environmental tolerances.

In the grassland region knowledge of the geographic and ecological
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Figure 1.1

Vegetation zones in the study area (after Rowe, 1971) Grassland region (1);
Boreal forest region, including aspen-grove section (2); mixed-wood section (3);
northern coniferous section (4); northwestern transition section {5); and the
Tundra region (6).



relationships of mosquitoes to the natural environment is somewhat
rudimentary. At present only generalities can be stated. The mosquito
fauna of the grassland must tolerate dry, continental climatic
conditions. Frequently, salt or alkali tolerance is also necessary.
Mosquitoes (and many other Diptera as well) are associated directly
with sloughs or temporary pools. The aquatic fauna of the sioughs and
pools is rich, and includes a good representation of caddisflies
(Trichoptera); burrowing mayflies {Ephemeroptera}, dragonflies and
damseTflies (Odonata) and beetles (Coleoptera), in addition to the
mosquitoes (Culicidae).

Zonation of mosquito fauna in the grassiand region has been
demonstrated (Rempel, 1953; MclLintock and Rempel, 1963; Happold, 1965).
Precise correlation to climatic or other environmental parameters such
as soil or vegetation type is, however, lacking. Probably, some of the
species characteristic to southern Saskatchewan and Alberta depend on
mixed grassland and species penetrating farther north can succeed in a
variety of enviromments. Evidence of a specific mosquito fauna
associated with the fescue grassland is less obvious. The aspen-grove
section contains, as would be expected, a mixture of grassland and
boreal species; so far as is known it deoes not have an endemic
masquito fauna.

*The bogs, fens and marshes throughout the boreal forest region
support numerous aguatic insects, especially mosquitoes and blackflies

(Simulidae). It has not been demonstrated that there is any



differentiation corresponding to different forest classifications
within the boreal region {Jenkins, 1958 ). Most boreal mosquito species
appear to be widespread and at present division into eastern Canadian
and western Canadian sections does not seem justified (Freeman, 1952}.
In terms of a northward extension of mosquito species, a large
proportion of boreal-tundra transition mosquito fauna is composed of
telerant boreal zone species, whose range extends northward. While
many other aquatic insects are greatly reduced in number as cne enters
the northern transition area, both blackflies and mosquitoes are
present in enormous numbers and considerable variety of species (Twinn
et. al., 1948; Hocking et. al., 1950; Freeman, 1952; Hocking and
Pickering, 1954).

The mosquito fauna of the tundra region of Keewatin differs
strikingly from that of the forested areas to the south. The tundra
fauna contains a very high proportion of species confined to it
(Freeman, 1952a}, though for the most part they belong to more widely
distributed genera. The relationship to the arctic mosquito fauna of
Europe and Asia is very clcse, circumpolar species generally
outnumbering all others (Gillett, 1972). The fauna as a whole is
scanty, but some of the species are very abundant. While division into
areas is somewhat tentative, a low-arctic area and high-arctic area may
be discerned (Fig. 1.2). The low-arctic area, including arctic Labrador
and Quebec, most of Keewatin District and parts of MacKenzie District,

has a moderately rich mosquito fauna. As many as ten species are found






near the southern boundary of this area, and a total of five being
reported from more northerly leccations (Haufe and Burgess, 1956; Smith,
1970). MWith this area can be asscciated Southampton Island, southern
Baffin Island and southern Victoria Island. In the high-arctic area,
including the Queen Elizabeth Islands, the mosquito fauna consists of
only two species (Downes, 1964).

In central Canada the zonal relationships between climate, soils
and the distribution of vegetation are displayed clearly from the
warm dry grassland in southern Saskatchewan to the cold dry lichen-
woodland and tundra of the Keewatin District. To a similar extent,
these zonal relationships can also be applied to the mosquito fauna of
the area. Rempel {1953) devised a zonral classification for
Saskatchewan using a series of distributional lists from different
vegetation zones. He examined the mosquito species found in three
vegetation zones in the province - prairie grasslands, the aspen-grove
region, and the northern mixed-wood forest (Table 1.1). In each zone,
several species were listed as being dominant, with numerous other
species being listed as common or rare.

Although much overlap does occur, it appears that each major
ecological region may have a characteristic group of species confined
to it. However, precise correlation to specific environmental
paraméters is difficult until more zoogeographic investigations have

been undertaken throughout the various zones.



Table 1.1  Geographic distribution of Saskatchewan mosquitoes
(Rempel, 1953)

REMPEL: MOSQUITQES OF SASKATCHEWAN
TABLE [

CEOGRAPHIC DISTRIBUTION OF SASKATCIHEWAN MOSQUITOES

Species
Ecological zone
Abundant Cominon Rare
Prairie grasslands. Soil brown,| A spercerii A. dorsalis A, firckil

zones 1 and 2. Total summer] 4. campestris | A. vexaus A dnerepitus
ppt. 10-12 in, A, flavescens | A. migromaculis A excrucians
Culex larsalis A. canadensis

Culisetu inornala A. cataphyvila

A. sticlicus

A triseriatus

Culex restucns

Culiseta norsitans
Psoroplorc signipennis
Anopheles eerlct

Aspen grove region. Soill A. fifchiz A. speuncerii A. pionips
black, zones 3 and part 4| A, campestris | A, vexans A. commiunis
Total summer ppt. 12-13 in.| A. flavescens A. canadensis A riparins

Al cinerens A tucrepiins

A. exeruciens A.tmpicer

A_dorsalis A, stinulans
A calephyile
Culex tursalis
Culex restuans
Culiscla inornala
Anopheles earlei

Northern coniferous forests.| A. iutrudens A. fitehii A. spenceriz
Soil gray zones parts tand 5.] A. communis | A. canodensis A. cenerens
Total suramer ppt. 12-13 in.| A. punclor A. excrucians A reparius

A. pionips A, cinereus A, flavescens
' A. catuphylia
A, vexans A dimpiger
A trichurus A.dientazus
A. pullalus
A nearcticus

Culrselu spp.

Culex territans
Mansonia perturbans
Anopheles earlet




1.2 AIMS AND OBJECTIVES OF THE STUDY

The study had four specific objectives:

1) To describe the distribution of mosquitoes in Saskatchewan
and the adjacent N.W.T., particularly as it relates to such population
parameters as species composition, relative abundance and diversity.
The study represented a continuation of Rempel's analysis of the
geographic distribution of mosquitoes in Saskatchewan, but was updated
and enlarged to include the rest of northern Saskatchewan and the
adjacent areas of Keewatin District, N.W.T..

2} To investigate the seasonal distribution of mosquitoes in the
study area.

3) To describe the distribution and variation in species habitat
throughout the study area.

£) To ascertain those environmental factors which play a
prominent role in determining mosquito distribution patterns.

Upon determining those factors that were limiting in the mosquito
habitat, an attempt was made to predict the potential spread of a
species into uninfested areas and to predict the time and extent of

mosquito occurrence in a given area.
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Chapter 2
LITERATURE REVIEM

2.1 SPECIES DISTRIBUTION AND ABUNDANCE

For purposes of zoogeographic analysis, the distributional records
of a species and the Timits of its current distribution require
critical evaluation. Rempel (1953) specifies the Timits of mosquito
distribution on the basis of the ecological zone in which the
particular species is found. Qutside this zone, Rempel assumes, the
species may be present in Tow numbers and in sporadic habitats, but
not influenced by the general climate or vegetation so much as by local
variations in the micro-habitat caused by differences in physiographic
and edaphic factors.

Records indicating that a species exists in certain localities,
especially along the periphery of the range of the species, also
require critical evaluation in order to determine if the species is
endemic {see for example, Freeman, 1952; and Brust, 1968). In some
cases & species may be carried outside of its climatically Timited
range, either because of significant departures from the climatic normal,
or because of man's activities. For example, a predominately southern
grassland mosquito, A. campestrdis, has long been recorded from the vicinity
of Churchill, Manitoba (Hocking et. al., 1950). In fact some of the
limiting climatic conditions for this species, used in a bioclimatic
analysis by Haufe and Burgess (1956), were taken from the climate of

Churchill. But whether it is endemic there or whether its presence



-1N -

there merely results from importation from more southerly areas is
not clear. Recent studies in Manitoba by Brust {1968) indicate that
perhaps the latter is the more probable answer.

Proper taxonomic identification is also important. Confusion of
the distributional records of the mosquito A. cataphylla with the
closely related, abundant species A. communit temporarily rendered
inexplicable the expanded distribution of the former species in the
southern regions of the boreal forest (Iversen, et, al., 1973). Modern
synonomy, taxoncmic revisions and the splitting of a given species
into two or more species while retaining the name of the original can
confuse the record for zoogeographic analysis.

For zoogeographic purposes the nature of mosquito distribution
may have a different meaning as well. In the strict sense the nature
of current distribution usually means the actual geographic or seasonal
distribution (distribution in space and time). However, it may also
mean the pattern and organization of species populations and may be
discerned in terms of the actual species comprising the total mosquito
population of an area. A more specific aspect of population patterns
or distribution lies in the relative abundance of the various mosquito
species.

Two broad approaches are used to analyze species population
pattérns in different situations, namely, (1) comparisons based on
the shapes, patterns, or equations of species abundance curves and

(2) comparisons based on diversity indices, which are ratios or
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other mathematical expressions, of species - importance relatienships
(Odum, 1971). It is important to recognize that species diversity,
as measured by diversity indices, has a number of components which
may respond differently to geographical, developmental, or physical
factors. One major component is the species 'richness' or 'variety'
component expressed by simple ratios between total species, S, and
total numbers (or importance values), N. A second major component of
diversity is the 'evenness' or 'equitability' compeonent, which deals
with the apportionment of individuals among the species. Both of
these diversity components are dealt with in greater detail in section
3.4.1.

The widely used Shannon function or H index combines the
richness and evenness components as one overall index of diversity.
This index which uses "information content" as a measure of diversity
is being increasingly adopted by researchers {see for example,
MacArthur and MacArthur, 1961; Lloyd and Ghelardi, 1964; and McNaughton,
1978). Diversity in this connection means the degree of uncertainty
attached to the specific identity of any randomly selected individual.
The greater the number of species and the more equal their
proportions, the greater the uncertainty and hence the diversity. The
Shannon index is one of the best for making comparisons where one is
not interested in separating out diversity components because it is
reasonably independent of sample size. It is also normailly

distributed, so that routine statistical methods can be used to test



- 13 -

for significance between means (Ocum, 1971).

2.2 FACTORS LIMITING THE DISTRIBUTION AND ABUNDANCE OF MOSQUITOES

2.2.1 Winter cold as a limiting factor

Mosquito distribution in temperate regions is greatly affected
by winter cold. The life cycle of species endemic to such regions
usually includes some physiological mechanism {such as diapause,
hibernation, seasonal variations in cold-hardiness) that permits
survival in what would otherwise be a Tethally cold winter period.
Species of tropical or subtrgpical origin, which breed continuously
throughout the year and which are unequipped with such mechanisms,
have their pecpulation fluctuate markediy if they are subjected to cold
winter conditions.

Conversely, an outstanding feature of northern mosquitoes is their
tolerance of very low temperatures in winter. Winter hardiness seems
to involve the slowing down of essential functions in a conformable way
and ultimately to a very low level and in avoiding intracellular ice
formation (Salt, 1961). Freezing tolerance may be obtained in two ways,
either by having a high glycerol content or through desiccation of the
tissues; but, safely frozen by whichever method, the species is
virtually unaffected by further cooling within the natural range.

In the temperate zone the distribution of many mosquitoes is
re]aied to winter temperature, but this phenomenon is not 1ikely to
find a counterpart in the arctic zone (Downes, 1964).

Ross {1964) relates that considerable differences in cold
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hardiness and acclimatization ability exist among different mosquitoes
species, and even in races and strains of the same species. The
ability of different species to overwinter in a given climate appears,
to a great extent, related to the original habitat; those species from
hot climates are susceptible to winter cold, whereas the hardy groups
which originated in temperate regions or which have been long
established there, are not. Different aspects of winter severity must
be considered, such as the lowest temperature reached, number of days
below certain temperature levels, and the suddenness of the onset of the
cold period. The choice of a suitable criterion for evaluating winter
severity must depend on the biology of the species concerned (Downes, 1964).

2.2.2 Summer temperatures as limiting factors

Temperature conditions of the summer season may 1imit mosquito
distribution by not providing sufficient warmth for normal reproduction
and development and alsc by interfering with normal activities or by
causing high mortality as a result of excessively hot temperatures
(MclLintock, 1964). Further, species with obligatory diapause or
hibernation phases in their Tife cycle may be prevented from
developing normally when exposed to continucusly warm, though not
lethal, temperature conditions (Brust, 1968).

In response to the stimulus of Merriam's {1898) Life-Zone System,
many attempts were made to correlate the distribution of individual
insect species with the amount of heat available at different climatic

localities during the developmental or summer growing period of the
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life cycle (Bodenheimer, 1938). The basis for this type of analysis
{s the thermal constant theory of Sanderson and Peairs (1913), which
relates the threshold and duration of development to temperature.
The thermal constant and the threshold of development are physiological
characteristics of a species easily determined in the laboratory. The
major premise in using the thermal constant as a climatic indicator of
distribution is that a species will find a satisfactory climatic
environment in any locality warm enough to allow the accumulation of a
sum of daily temperatures above the developmental threshold and equal
to the thermal constant (see Fig. 2.2).

From the current knowledge of the thermal constant as a measure
of the heat required for satisfactory development, its use as a
limiting factor in mosquito distribution may be challenged on several
points (see also criticisms of the Life-Zone concept, Daubenmire, 1938;
Kendeigh, 1954). In many cases there may be shown localities north of
the existing range of a mosquito species where the climate is warm
enough to permit the complete development of a generation (Downes,
1964), and conseauently the limiting factor for poleward distribution
must be some other aspect of temperature, or some other factor of the
physical environment. The constancy ¢f the thermal constant has also
been questioned, especially in connection with naturally fluctuating
temperatures or other factors of the environment (Haufe and Burgess,
1956). Further, the use of only the davelopmental phases of a

mosquitoe's life cycle for determining climatic 1imits is open to
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Figure 2.2 Temperature as it affects rate of insect development. The

thermal constant is the product of time x temperature above
the Tower threshold and below the upper threshold of
development (after, Gilbert et. al., 1977).
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criticism (Horsfall, 1974; Tauber and Tauber, 1976). Temperature
effects on adult maturation, longevity, reproduction, and habitat
selection must also be considered. Only when ali such factors are
considered and proper allowances and correlations are applied to the
thermal constant may an estimate of the geographical distribution
and abundance of a mosquito species be determined on the basis of
heat availability.

2.2.3 Moisture as a limiting factor

Moisture conditions of the environment, either in the form of
water vapor in the air or as absorbed or free water in the soil,
ground Titter, or plant tissue, act on mosquitoes in different ways;
by influencing evaporation rates which in turn modify body water
content and body temperature, by affecting behaviour and reproduction,
or by facilitating pathogenic and parasitic attack (Happold, 1965;
Brust, 1968; Shemanchuk, 1978). Environmental humidity usually becomes
a dominant factor affecting mosquitoes when temperature conditions are
favorable {Haufe, 1952), especially when such humidities are extremely
high or low. In many cases, however, the importance of extremes in
humidity {dry or wet) is difficult to evaluate, for such conditions
are closely correlated with corresponding extremes of temperature.

Mevertheless, in many instances the distributional patterns of
mosquitoes may be closely correlated with conditions of moisture or
humidity, regardless of the exact mechanism by which climate exerts

its effect. One such mechanism is mean annual or seasonal precipitation
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although the exact effect of either type of precipitation on
mosquito distribution is difficult to assess. For example, many Aedes
mosquito species in northern boreal forest areas must have adequate
precipitation during the spring and summer to provide a satisfactory
water content in the soil, and their spread into the arid and semi-
arid tundra regions of the country can be expected to be 1imited by
Tack of precipitation (Freeman, 1952; Hocking et. ail., 1950).
However, the current northern limits of some species do not conform
to either the mean annual precipitation patterns in this region nor
to similar relative humidity patterns. Hence, on a broad regional
basis, soil-moisture conditions suitable for mosquito development
cannot always be correlated with the usual meteorological data, and
correlations between climate and species distribution cannot be
established. In tundra areas, for example, other factors such as
permafrost effects on soil moisture become increasingly dominant.
Similarly, the abundance and distribution of the sleeping-sickness
mosquito, C. farsaldis, cannot be explained on the basis of climatic
data alone, since irrigation practices in many local areas of southern
Saskatchewan provide the required moisture conditions for its
increased abundance there {(Mclintock and Iversen, 1975).
2.2.4 Dispersal

The absence of a mosquito may be due to the species having failed
to reach the area being studied. O0n a local scale few mosquito species

seem to be restricted in distributicrn by poor powers of dispersal, but
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more experimental work is needed to test this general conclusion.
Mosquitoes have many special adaptations for dispersal and this
results in rapid cclonization of new areas. On a global scale
dispersal is a critical factor and barriers to dispersal help to
determine distribution patterns among continents, islands or otherwise
restricted areas.

An example of this is given by Downes (1964) who hypothesized
that the arctic mosquitoes have dispersed in the recent geclogical
past, following the retreat of the Pleistocene ice sheets and that
this glacial epoch, no doubt, considerably affected mosquito
distribution and speciation. The mosquitoes living at present in the
arctic are the progeny of those populations that Tived in the refugia,
which are known to have existed (see Porsild, 1955). Huge tongues of
ice must have separated the existing species intc isolated populations
and because of this isolation and environmental pressure and selection,
these eventually evolved into distinct species or subspecies. Downes
also feels that those species in the boreal forest zone evolved along
the southern periphery of the ice sheet, well isolated from those
Tiving in the refugia. Present distributional patterns indicate that
the major refugia were situated in the Yukon, in Alaska and possibly
in Siberia (Freeman, 1952).

2.2.5 Behaviour

The distribution of a mosquito species may be 1imited by the
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hehaviour of individuals in selecting tiheir habitat. Habitat
selection by ovipositing mosquitoes provides some gooed examples in
vhich a species can survive in a wider range of habitats than it
usually occupies.

In Manitoba, for example, Brust (1973) found that the production
of mosquitoes occurred in only a small portion of the total area; in
1968, the total area of producing pools amounted to 5 acres out of the
5120 acres surveyed. The reasons for this are not clear. Early
vorkers assumed that something in the water prevented the larvae from
surviving, and they neglected to study the behaviour of females in
selecting sites in which to lay eggs. More recent work has emphasized
the role of habitat selection in female mosquitoes and has shown that
larvae can develop over a much wider range of conditions than those in
which eggs are 1aid (Corbet and Danks, 1975). Thus, although we
presume that the female selects a type of habitat more suitable for
the larvae, many of the places she avoids are suitable for growth and
development.

The reasons why some pools are selected, and others are not
include the following: (1) some are more chemically attractive to
ovipositing females (Hudson and Mclintock, 1967; Osgood, 1971);

(?) some are close to plant cover which provides suitable resting
sites for gravid females (Bodman and Gannon, 1950); and (3) some
are close to blood source for female masquitaes {Horsfall, 1942;

Dixon and Brust, 1972).
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2.2.6 Interrelations with other orcanisms

Mosquitoes may be limited in their Tocal distribution by the
presence of other organisms - their food plants, hosts, predators,
diseases and competitors.

Many authors have said that predation on mosquito larvae is an
important factor Timiting their numbers and distribution. The work of
Baldwin et. al. (1955), James (1961} and Happold (1965) has shown that
many organisms do prey on mosquito larvae, although the extent of this
is unknown. Furthermore, some authors have discovered parastic fungi
that are host-specific to certain species of mosquitoes. Shemanchuk
(1978) reports, for example, that the fungus Coelemomyces psorophorae,
parastic on mosquito larvae of Culisefa inornata, has persisted in
irrigated areas of southern Alberta and larval mortalities up to 80%
have occurred in some breeding pools.

Intraspecific competition, if severe enough, can result in a
smaller adult population. Surtees (1959) has shown experimentally
that mortality in Aedes aegqyptd larvae is highest when there is a
high population density. Competition for space is severe in a dry
years; where a moss mat is present, larvae may be isolated in patches
of water as the water level subsides (Happold, 1965).

2.2.7 Qther factors

-Many other physical and chemical factors in addition to the above
can limit the distribution of mosquitoes. Maost of these factors

involve local distributions rather than distribution over a larger
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geographic area. Often these factors are involved in habitat
selection.

Some observations indicate that snow usually provides a
protection against lethal air temperatures in the case of subterranean
stages of mosquitoes (Mail, 1934; Shemanchuk, 1965). This factor is a
major Timitation on the survival of those species that overwinter as
adults which, in turn, regulates the rate of buildup of the mosquito
population the following summer.

Many studies show that mesquito behaviour can be regulated by
Tight intensity (Eldrige et. al., 1976; Maloney and Wallis, 1976;
Barnard and Mulla, 1977). Such diurnal responses to light may have
definife adaptive advantages for many species, especially northern
ones {Downes, 1964). Most important for zoogeographic analysis is
the possibility that different measures of a climatic factor 1imiting
some particular activity will be brought into play, depending upon
diurnal light rhythms. For example, mosquitoes that oviposit only at
night are restricted in this activity by nocturnal temperatures, the
best statistical measure of which would be the mean minimum daily
temperatures encountered in a locality or in a season. Busk or
evening activity would be under the control of late afferncon
temperatures, the best measure of which is the mean daily temperature
(Maloney and Yallis, 1976).

Soil or substrate structure can be important for the amount of

vegetative cover surrounding the larval pool and the nutrient content
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of the soil may also affect local breeding pools {Haufe and Burgess,
1956). Substrate structure can be important for larvae that attach
to solid substances or burrow into soft sand or mud for protection
(Haufe, 1952). In addition to modifying the effect of temperature,
wind affects the efficiency of mosquitoes in flight; winds at
velocities of about 15 kmph or greater completely prevent most flight
activity (Hocking et. al., 1950).

2.3 FORECASTING DISTRIBUTION AND ABUNDANCE

Prediction of mosquito abundance and distribution denends Targely
on the accuracy of meteorological forecasting. Long-range forecasts
are not possible until appropriate methods and models have been
perfected. However, short-range pradiction of specific mosguito
emergence and survival parameters is feasible where daily meteorological
records representative of the immediate area are available. For
example, Haufe and Burgess {(1956) demonstrate that the thermal effect
of meteorological conditions can be additively compiled from day to
day to indicate from established developmental regimes the expected
time of appearance of a given species. The accuracy of this type of
prediction increased progressively day by day from the time of general
appearance of open water at the edges of mosquito pools to the date of
general emergence of the adult mosquitoes. It was then possible to
prediét future outbreaks, both in time and space, by watching the

weather in that particular year.
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CHAPTER 3
MATERIALS AND METHODS

3.1 STUDY AREA

The area encompassed by this study represents a cross-section of
the grassiand, boreal forest and tundra regions of the western interior
and adjacent arctic areas of Canada. The study area includes the
province of Saskatchewan and the adjacent southern and central portions
of Keewatin District, H.W.7. (Fig. 3.1). Within this area cf over
one-third million square miles are represented two of the major
physiographic regions of North America, the Canadian Shield and the
Interior Plains or Borderlands region (Bostock, 1974). Both of these
are characterized by a variety of terrain features but only the Alberta
Plateau portion of the Interior Plains exhibits considerable relief.

3.2 SAMPLING_LOCATIONS

During the spring and summer months of 1974 and 1975, samples of
Tiving mosquitoes were collected from sites considered representative
of the distinct ecological zones found in the study area. Between the
months of May and September, sampling sites were established in
Saskatchewan at Weyburn, Saskatoon, MacDowall, Prince Albert Hational
Park, and Wollaston Lake Post and in the N.W.T. at Ennadai Lake, Rankin
Inlet, and Baker Lake (Fig. 3.1). Descriptions of the locations and
the sample sites are given in Table 3.1.

An effort was made in each locality to select sample sites that

would give a representative sample of all mosquito species in the
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area. The selection of these sites is dealt with in greater detail
in section 3.3, but generally they reflect the widest range of
habitat types within the particular area. Wherever possibie,
replicate samples were made in 1974 and 1975.

3.3 SAMPLING TECHRIQUES

3.3.1 Llarvae and pupae

Mosquito larvae and pupae were collected throughout the spring
and summer season from their breeding sites in each sampling Tlocation,
The types and locations of these breeding pools will be discussed in
section 3.3.3.

Larvae and pupae samples were collected by dipping with a 500 cc
water dipper and concentrated in a 20-mesh screen filter funnel.
Contents of the funnel were then rinsed on to cotton terry towelling
that 1ined the bottom of 41 cm x 23 cm x 5 cm enamel trays {(Fig. 3.2a,
3.2b). After the excess water was drained off, the trays containing
the larvae and pupae were transported to the laboratory where the
larvae and pupae were washed off the towelling back into the trays,
with Bates' (1241) "Medium S“. Dry sterilized powdered "Tetra Min"
fish food (Hayes et. al., 1974) was added to each tray. The trays
were held at room temperature and covered with glass plates to
retard evaporation.

‘Collections were made at approximately weekly intervals from a
variety of different sites. The total length of the sampling period

varied with different locations, generally reflecting the shorter
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Figures 3.2a, 3.2b

Demonstration of larval sampling technioue at MacDowall,
Saskatchewan (a) and enamel trays used to transport larval sample
to the laboratory (b).
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growing season as one went north. A complete list of sampling
periods for tarvee, pupae, and adults for each locality is shown
in Table 3.2. In some instances, the numbers of Tlarvae and pupae
collected, particularly at the beginning of the season, were too
numercus to be identified individually, identification in these cases
being made on random samples of larvae from each collection.
Identifications of larvae were based targely on keys by Rempel (1950)
and Barr (1958).
3.3.2 Adults

Live adults were collected by means of 1light traps, aspirators,
and sweep nets. Light traps are generally considered to be the most
satisfactory single method at present for sampling adulf mosquito
populations, but there are disadvantages in their use. Light traps,
operated entirely at night, Tose their applicability in extreme
northern summer situations, where the daylight period is greatly
extended. Light traps have proven to he satisfactory for measuring
fluctuations in numbers of mosquitoes over a period of time but less
satisfactory for comparing the abundance of different species in a
mixed population. There is evidence that a light trap does not take
the same proportion of all species in a popuiation, apparently
because some species are attracted more than others by light (Reed,
]959; Barr et. al., 1960; Downey, 1962)}. For this reason light trap
catches are sometimes supplemented by collections made by other

methods and some investigators have derived numerical factors to
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Table 3.2. List of sampling periods, both for mosquito larvae and adults,
for each Tocality in the study area

Saskatchewan

Weyburn
Saskatoon
MacDowall
Prince Albert
National Park

Wollaston Lake

Morthwest Territories

Ennadai Lake
Rankin Inlet

Baker Lake

LARVAE

May - Sent. 16, 1975
June 6, 1974

May 27 - June 6, 1974
May 23 - July 11, 1975

May 27 - June 6, 1974
June 7, 1975

June 11-13, 1974

June 21-29, 1875
June 21-28, 1974
July 15, 1974

ADULTS

June 4 - Sept. 30, 1974
May 17 - Sept, 30, 1974
May 27 - Sept. 24, 1974
May 27 - Seont. 4, 1974

June 11 - August 14, 1974

June 20 - July 22, 1975
June 25 - July 31, 1974
July 15-16, 1974
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compensate for differences in the attraction to light, (Love and
Smith, 1957). Subsequent analyses by MclLintock et. al. (1966) reveal
that the following inferences may be made concerning light trap
catches in Western Canada. (1) Light traps do not indicate whether
there are more mosquitoes in one area than in another, in any one
period of time (size of catch is infiuenced by the specific trap
location). (2} They do indicate, however, the magnitude of
mosquito fluctuations from year to year, differences in species
composition from one area to another, and differences in relative
abundance of various species from Tocality to locality. Through
comparisons of light trap catches with catches using different methods
(labelled "Miscellaneous Catches"), the researchers also indicated
that the 1ight trap catches probably only overestimated the relative
abundance of A. campestrnis. Over a period of years then, and backed
up with data from other trapping methods, light traps appear to be a
reliable method for sampling the overall mosquito population of a
given area.

The light traps used in this study were of the New Jersey type
modified for taking the mosquitoes alive (MclLintock, 1946), the light
source being a 100-watt incandescent bulb (Fig. 3.3). The traps were
operated each night from 6:30 p.m. until 7:00 or 8:00 a.m. in both the
Weyburn and Saskatoon sites.

Sampling methods other than 1ight traps were empioyed in the

remaining localities., In each of these Tocalities the use of Tight
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A New Jersey type light trap modified for taking mosquitoes alive.
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traps was not appropriate for several reasons. These included such
factors as extremely long daylight periods in many ¢of the northern
sites, remoteness of these sites and the general lack of power sources
for the light. In these localities mosquitoes were collected during
the daylight period, through the use of aspirators and sweep nets.
Mosquitoes were collected in thair resting places or from domestic
animals or from ourselves, The usual resting places were barns,
chicken coops, culverts, or in the grass, shrubbery or other natural
vegetation. Collections made other than by light trap alone were
Tabelled "Miscellaneous”. To ensure that the widest possible species
range was sampled, miscellaneous collections were conducted in a wide
variety of habitats, for various time periods and at different times
of the day.

In addition, previously published records of mosquito species and
distribution supplemented the data obtained in the field. Most of
this information was obtained from the species-distribution records of
Or. J. McLintock of the Agriculture Canada Research Station, Saskatoon.

Adults collected by these various sampling methods were then
placed in wire screen cases {(cylindrical in shape) of the same type
used in the 1ight traps. In the case of the light traps, the cage
containing the mosquitoes was simply removed from the trap in the
morn{ng. The cages were then placed in humidified cardboard cartons
and sent directly to the laboratory to be identified. In the

laboratory the mosquitces were removed from the cages by means of an
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aspirator and identified, as far as possible, to species. Badly
rubbed specimens that could not be distinquished with certainty were
Tabelled "indeterminate". Two northern species, A. punctor and

A. hexodonfus, could not be separated morphologically as adult
females and when encountered, were Tlabelled A. punctor-hexodontus.
Identification of adults were based on keys by Carpenter and La Casse
{1955), Vockeroth {1950, 195%4a, 1954b}, Rempel (1953) and Barr
(1958).

3.3.3 Environmental factors

The methods used for sampling these factors have been grouped as
follows:

Ceimatic factorns - Temperature, precipitation, relative humidity
(RH), hours of bright sunshine, and wind velocity values were collected.
Reliable, Tong term records (Ministry of Transport, Meteorological
Branch) were available for all of the tocalities sampled in the study
area. Daily, weekly and monthly data values were obtained from the

Monthly Record (Ministry of Transport); hourly values were available

from the hourly log sheet of Jocal weather stations. Temperature,
relative humidity and the presence or absence of precipitation and
wind were recorded at the time of each collection. Temperature and
relative humidity were recorded by means of a hand-held, sting
psychrometer.

Edaphic factorns - A wide variety of potential larval sites,

reflecting differences in relief, soils, vegetation as well as
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micro-climate were sampled. The sampled pools varied in size, shape,
depth and lecation since it was important to measure the maximum
variation in mosquito development that might be attributed to physical
characteristics of the pool and to edaphic factors of the surrounding
terrain. The pools formed a series ranging from the completely
exposed type that is common on the tundra or on the prairies, to those
partially sheltered by vegetation that is characteristic of the boreal
forest. Actual larval pools were described and classified as to type
and Tocation. Water levels were recorded along with specific
measurements of pool size, amount of shade, temperature, and pH of the
water (sampted by battery operated, portable pH meters - Sargent Welch
model RB and Corning model 5).

Bictic factons ~ The vegetation immediately surrounding larval
pools (within .5 m) was identified to species. Since many of the
pools were relatively small, all plant species surrounding each site
could be sampled, The vegetation in the vicinity of the pools
(within 100 m) was sampled through the use of a line transect
technique (Wilde, 1954). A minimum of four transects were chosen at
random; plant coverage was described by species along each transect
at each sampTling Tocation. Observations on the vegetation type and
density were also recorded at each adult collection site. These were
visual observations only, describing the gross vegetation features of
the area (tree species, ground cover species, etc.). Identifications

of plant species were based on keys and descriptions by Carmichael
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(1976a, 1976b); Budd and Best (1969); Teed and Rowe (1973}; Cunningham
(1975); Porsild (1955, 1957); and Campbell et. al. (1973), (see
Appendix B).

Another biotic factor that can be extremely important in
influencing mosquito abundance and distribution is the presence or
absence of mosquito predators. For example, Hocking et. al. (1950)
have noted the importance of Chacborinae species and other insects in
1imiting the numbers of mosguito larvae as far north as Churchill. To
ascertain the presence or absence of these predator species in this
study, any predators that were included in the larval collections were
recorded and identified as far as possible to genera or species.

Genus and species identifications were bhased on keys by Johannsen
{1933, 1935, 1937) and Lehmkuhl (1975).

3.4 DATA ANALYSIS

3.4.1 Analysis of species distribution and abundance records

Unlike the population of a single species, a mosquito community
has a series of attributes that do not occur in its individual species
components and have meaning only with reference to the community
level of integration. Three characteristics of a mosquito community
were measured: (1) Relative abundance, (2) Dominance, and (3) Species
diversity.

Species lists were compiled for each sampling location. The lists
were broken down into the three component parts:

(1) Each population was measured throughout the entire
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developmental period on a weekly basis. This is necessary when
examining mosquito populations because the size and variety of each
population is undergoing continual change over relatively short periods
of time.

(2) A population index was employed for individual species and
populations on a weekly basis. The population index equals the average
daily (or weekly) fog (n + 1) catch for the period, where n equals the
number of individuals. This index is used because it is generally
characteristic of large insect collections from a single, temperate
locality or region that a few species are predominant and a relatively
large number of species are represented only by a few specimens. This
was the case with the mosquito catches in the study area.

(3) The species within each population were classified as to
their dominance. Dominance is related to the concept of species
diversity, and some of the measures of diversity discussed in Chapter 2
{such as Shannon's index) could also be considered as measures of
dominance. A simple comunity dominance index has been defined as

follows, (McMaughton, 1968):

u

percentage of abundance
contributed by the two
most abundant species

Community dominance index

= zomﬂfy—ﬂl (3:1)

it

where y; = abundance of most abundant species
yo = abundance of second most abundant species

total abundances for all species

w
L}
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The differences in mosquito dominance and variety from one ecological
region to another were then examined and compared.

(4) To determine species diversity, and hence overall stability
of a population, the Shannon index of gerneral diversity has been used
(Shannon and Weaver, 1963). This expression is

fi = —z%é‘ﬂogz%i (3:2)

where n; is the impcrtance value for each species and N is the total
of all importance values. Lloyd and Ghelardi (1964) have pointed out
that this measure has two separate components, species richness and
the "equitability" or "evenness" of species abundances. Species
richness is simply S, the number of species in the sample. Several
expressions have been employed to measure the relative abundance or
evenness component: here the following index has been used,

R )
where H' is the Shannon index and H' max. is £Lecg,S (see Odum, 1971),
This index represents the ratio of the observed diversity to the
max imum diversity possible for the same number of species. It has a
maximum value of unity when all species are equally abundant, while
the minimum value is defined by the situation in which all species
except the most abundant are represented by only one individual; the
more individuais in the sampie, the closer e approaches zero.

Since the components of the Shannon formula can vary
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independently of one another, it is obvious that two samples having
identical H values may in fact be very different. Therefore, the formula
has been broken down into the two components of species richness (S)

and relative abundance (e} in order to anralyze diversity patterns.

It was also possible to correlate changes in diversity patterns from

one area te another with changes in either species richness or

relative abundance through the use of a standard regression technigue.

3.4.2 C(Climatic analysis and correlation with distribution and abundance

Any useful method for analyzing the distribution, abundance and
developmental periods of mosquitoes on the basis of meteorological
conditions is practical only if it depends on weather factors that are
normally recorded at weather stations. The temperature condition of
a breeding pool or adult resting site is dependent largely on
meteorological phenomena, but it may be influenced considerably by
edaphic or biotic factors as weli. The probability of estimating the
period of mosquito development (and hence their abundance and
distribution) so far as it is related to the temperature regime of the
environment depends theoretically on the degree to which the
environment is affected by meteorological conditions which can be
predicted or recorded.

At least four meteorological factors were considered to have
measurable effects on the environment of immature and adult mosquitoes:

air temperature, wind, hours of bright sunshine, and precipitation.
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Rainfall has been described as a 1imiting factor for mosquito
prevalence in temperate areas by McLintock et. al. (1966). Mosquito
development in subarctic or arctic muskeg with underlying permafrost
is rarely restricted by insufficient water in breeding pools. The
correlations in the subarctic and arctic areas were confined therefore
to three factors: air temperature, wind and daily sunshine.

The analysis proceeded as follows:

(1) Developmental periods and seasonal fluctuations in abundance
for the species found in a particular location were calculated
according to the procedures in section 3.4.1. Where possible, an
assessment was also made of the thermal constant, threshold and optimum
temperature ranges required to complete development for a species.

{2) The meteorological conditions prevailing in each locality
were measured, including temperature and humidity values at each
collection site. The latter procedure is important because some mosquito
species might choose a site that is suitable for development on a
micro-environmental level, even though this site is located within a
developmentally unsuited macro-environment.

(3) Patterns in mosguito abundance and distribution were then
explained in terms of various environmental factors that could be
responsible for these patterns. For example, weekly abundance and
occurrence of mosquito species was compared with weekly mean
temperatures, precipitation, wind and other meteorological data. The

interdependence of meteorological factors that contribute to the
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environment of mosquitoes was recognized in all comparisons. The
modifying roles that edaphic or biotic factors play in determining

mosquito patterns were also assessed.
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CHAPTER 4

RESULTS

4,1 GECGRAPHIC DISTRIBUTION AND ABUNDANCE OF MOSQUITOES

From June 4 to September 30, 1974 and from June 20 to July 22,
1975, 40,604 female mosquitoes were collected representing 33 species
(Table 4.1). It is characteristic of large insect catches from a
single locality or region that a few species are predominant and a
relatively large number of species are represented by only a few
specimens. This was the case with the mosquito catches in the study
area. Although no species were common to all locations, eight species
(A. punctor, A. hexodonitus, A. wighipes, C. Lnornnata, A. commundis,

A, fitehil, A. {mpigen and A. campesiris) together made up from 70-80%
of the total catches from the individual locations. The figures did
not indicate whether there were more mosquitoes in One district than
in another 1in any one period of time (size of catch is influenced by
the specific trap locations), but they did show that the species
composition of the different districts varied and that the relative
abundance of the different species varied from locality to locality.
In the case of the light traps at Saskatoon and Weyburn, some species
were attracted by light more than others, but in Table 4.1 a
comparison of the percentages under "Light" with those under "Misc.”
indicates that the light trap catches probably only overestimated the
relative abundance of A. campestrnis. Light trap catches at Weyburn

showed 16.6% of the total number caught were of this species, compared
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to only 2.1% of the Weyburn miscellaneous catches. For Saskatoon, the
percentage of this species in relation to the total number was 48.9%
for the light trap catches and only &.3% for the miscellaneous catches.
The relatively high numbers of C. .nornafa listed in the Saskatoon
miscellaneous column represent a sampling bias for roadside culverts,
the preferred resting place for large numbers of this species.

Table 4.2 indicates that most of the dominant mosquito species in
the study area belong to the genus Aedesl. With the exception of
Culex tarnsalis and Culiseta Anchnata in the grasslands, representatives
of other genera were quite rare. In each region several species were
predominant. Thus in the grassland region they were A, {Lavescens,
A. campesitnis and C, Lnornata, closely followed by A, dorsalis
A. vexans, A. spencenid and C. farsafis. In this region the
donsalis group of Aedes was strongly represented (Table 4.4). In the
aspen grove section the place of A. f{favescens was taken by A. §itchidl.
In the mixed-wood forest section, A, {ifohil again predominated along
with other members of the stimufans group of Aedes (such as
A. excrucians and A. eudes) (Table 4.4). 1In addition, species of the
communis group of Aedes (A. commundis, A. cataphylla, A. puncton,
A. pionips) (Table 4.4) became increasingly common in the mixed-wood
areas; A. cinereus and A, canadensis were common as well. In

northern wooded areas and in tundra areas the so-called "black-legged"

1This large genus has been further subdivided into groups as shown in
Table 4.3.
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Table 4.2 Mosquito spzcies found in the study areal

AEDES MANSONTA
Sub genus Ochfenotatus Sub genus Coquifleitida
Aedes campestris Oyar & Knab Mansonda pernturbans (Malker)

Aedes canadensis (Theobald)
Aedes cataphylla Dyar

Aedes communis (De Geer) CULEX
*Acedes diantacus Howard, Dvar & Xnab
: . v Sub genus Culex
Aedes dorsalis (Meigen) -
Aedes cudes Howard, Dyar & Knab guﬁex ;ﬁifuagé Egiﬁ??1gtt
Aedes excutcians (Walker) utex alis -
Aedes fitchii (Felt & Young) Sub genus Neoculex
Aedes fLavescens {Muller) *Culex ternitans Walker

Aedes hexodontus Dyar
Aedes impigen (Walker)

Aedes implicatus Vockeroth CULISETA

:Aedeb {ncnepiiua Dyar Sub genus Culiseta

*igiiz gzﬁzifigi gyg: Culiseta alaskaensis (Ludlow)
. Y Culiseta impatiens (Walker)

Acdes nignipes (Zetterstedt) Culisefa incdidens (Thomson)

Aedes nwigrnomaculis (Ludlow) CUbireta inomicta éWi11iston)

Aedes plondips Dyar Y oY

Aedes pullatus (Coquillett) Sub genus Culicella

Aedes punciton (Kirby) Culiseta minnesotae Barr

Aedes nempeld Vockeroth Culdiseta mornsifans (Theobald)

Aedes niparius Dyar & Knab
Aedes spencenii (Theobald)

Acdes sticticus %Meigeng PSOROPHORA
Aedes stimulfans (Halker ]
Aedes trnichunus (Dyar) Sub genus Grabhamia

*Prorphona signipennis (Coauillett)
Sub genus Finfaya
Aedes triseniatus (Say)

WYEOMYTA
Sub genus Aedimcrphus
Aedes vexans {Meigen) Sub genus Uyeomyia
Sub genus Aedes *Wyeomyda smithii (Coquillett)

Aedes canereus Meigen

ANOPHELES

Sub genus Anopheles
Ancpheles earled Vargas
*Anophelfes walkend Theobald

*_Denotes species that have been previously recorded from the study area
but were not encountered in 1974-75,

1
See Appendix A
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Table 4.3, AEDES GEMNUS -~ Subgenera
and Groups

{Barr, 1958}

I. Sub genus (Ochferotatus)

- Group taeniorhynchus
(1) nigromaculis

- Group Annulipes or stimulains
(1) excrucians

fitahid

fLavescens

LncheplLius

HLpARAS

stimulans

eudes

L
a3

campesinis
canadesns.is
dosnsalis
meLarimon

)
)
)
)
)
)
u
)
)
)
)
up commutis
) catavhylfla
) commuLis
) diantaeus
) hexadontus
Y Antrudens
) Ampigen
} ndanipes
} plondps
) pullaties
) puncton
) nempeli
) spencenii
) sticticus
) Amplicatis
) tnichwus (Barr, p. 110)
II. Sub genus {Finfayal

- Group (H}

(1) triseniatus

I11. Sub genus [(Aedimospiucs}

- Group vexans
(1) vexana

IV. Sub genus {Aedes)
(1) cinercus
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Table 4.4  Geographic distribution of mosquitoes in the study area
Ecclogical apeciss
zone Abundant Common Rare
Grassland Aedes flavescens  Aedes donsalis Aedes cataphylla
region Aedes campestnis  Aedes {itchil *Aedes exchucdians
- Yeyburn Culdisetla incnata Aedes vexons Aedes stimulans

*Aedes melanimon
Aedes cinereuws
*Aedes niparnius
*Aodes canadensdis
*Aedes L{nchepifus
*Aedes punctor
*Aedes sticticus
*Aedes Amplicatus
*Aedes Trniseriatud
*Aedes eudes

Cufex nestuans
*Culex Lennitans
Culisofa morsltans
*Cullseia minnesotae
Mansonca pertfunrbans
*Proropliona sdgnipennds

Aedes spencentid
Aedes niaromaculis
Culex farsalis
Anopheles earled

. E R e M R P e T e et e T e S e g Ak e o P e b ek e R AE R e B R G Ak A it B am ey e ot b am o ek e Pt e = = -

Aedes fLtchid
Aedes puncton

Aedes commuindia
Aedes canadensds

Boreal forest Aedes campestnis
region Culisete Lfnornata

Aspen grove
section
- Saskatoon

e ey v e A ma T P LN Al S A 0 e e W AR AN R - A m T Ak s b ik ok P i e e e ke e R o = =y = v — ——

Aedes ffavescens
Aedes donsalis
Aedes vexans
Aedes spenceril
Anopheles eanfed
Culex tarnsalis

Aedes cataphyllia

*Culex

aticticus
Amplicatus
Atimulains
Ampigen
eudes
cineneis
trndlchurus
LIPS
RApANAUS
Anecrepltus
nigromaculis
exchrucLans
hestuans
LTennitans

*Culiseta alaskaensis
Cul.iseta moksitans
*Cul.iseda Ampatiens
Culiseta minnesotae

*Manscnda penturbans

*Denotes species that have been previously recorded from the study area but

were not encountered in 1974-75.



Table 4.4 {continued)

- 48

. Snecies
Ecological :
zone Abundant Common Rare
Boreal forest Aedes {itchdid Aedes excrucians Aedes flavescens
region Aedes commuiis Aedes puncton Acdes vexans
Mixed-wood Aedes canadensds  Aedes cudes Aedes donralis
forest section Aedes cataphyfla  Aedes cinereuws Aedes stimulais
(agricultural) Aedes spencenid Aedes absernatus
- MacDowall Aedes plondns Acdes riparius
Aedes increpifus
Aedes implicatus
*Aedes trnichunus
*Aedes aticticus
*Aedes campesirnis
Mansonda perturnbans
Anophelfes earled
Culisetn Lnornata
Culiseta alashaensis
Boreal forest Aedes commundis Aedes puncton *hodes atimulans
region Aedes fifenid Aedes eudes Acdes campestnis
Mixed-wood Aedes excrucdians  Aedes vexans *Aedes dncrepitus
forest section Aedes cataphylla Aedes {lavescens
(non-agricultural) Aedes cinencus Aedes Amplicatus
- Prince Albert Aedes canadensds

National Park

Lk R AR e e A e e = T e AP em e A o e e o T e i o A e n T = Y e i b A L e R G M g S N = S e e e e e e

*hodes Ampigen
Aedes spencesid
dorsalis
pPAORAPA
ripaniis
stledicus
Lntrudens
diaintaeus
pullatus
*Aedes Lrlchuwrus
*Culiseta incidens
Culiseta inornata
Culiseta alashaensis
*Culex Tarnsalis
Mansonia perturbans
*Amopheles wallend
Ancpheles eanfed
*yeomygia smlthid
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Table 4.4 (continued)

Ecolegical Species
zone Abundant Common Rare

Boreal forest Aedes punciton Aedes excrucians Aedes commuinis

region Aedes fitehid Aedes flavescens Aedes cataphylla

Northern Aedes canadensis Aedes cinenreus

coniferous- Aedes plondps Aedes sticficus

northwestern Culiseta impatiens  Aedes frnisernatus

transition *Aedes diantaeus

forest section *Aedes pullatub

- Wollaston Lake *Aodes apencenil
Culiseta alashaensis
Culiseta incidens

Boreal forest Aedes hexodontws  Aedes niarnipes Aedes catavhyllfa

tundra region Aedes punctonr Aedes communis *Aedes Apencerdd

Northwestern  Aedes impigen Aedes exchructans *Aedes {Lavescens

transition Aedes clnereus *Aedes niparius

forest section Aedes nempell *Aedes campestnis

tundra region *Aedes plondps

- Ennadai Lake *Culisela impatiens
*Culiseta alashaensis

Tundra region Aedes nigripes Aedes rempeli

{coastal) Aedes puncton

- Rankin Aedes hexodontus

Inlet Aedes imnigen
Tundra region Aedes nighipes Aedes implgen *Aedes rempeld
(interior? Aedes puncton

- Baker Lake Aedes hexodontus
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Aedes species were predominant. A. punctor was by far the most wide-
spread species, being found throughout the northern wooded and tundra
areas. In the northwestern transition section and on the tundra,
however, the species A. hexodontus, A. impiger, A. communis and

A, nigiipes were found in great abundance. Of particular interest,

A. excrucians, a cemmon woodland species in the southern boreal forest,
extended its range well into the tundra areas, breeding in exposed
tundra poois underlain with permafrost (see following section on
habitat distribution).

4.2 SEASONAL DISTRIBUTION AND ABUNDANCE OF MOSQUITOES

The sequence of appearance of adult mosquitoes varied in the
seven study locations {Fig. 4.1-4.7).
In the grassland region (Fig. 4.1) there was a marked succession
of species, and a number of generations of individual species, with
the first species appearing in May and the last emerging in early
September. The sequence fluctuated markedly from year to year being
greatly influenced by the temperature and by the amount and distribution
of rainfall. The sequence outlined here for 1974-1975 is typical of
years with normal or above-normal rainfall and below-normal temperatures.
The first species to appear was A. spencendid with adults
generally emerging by the end of May. It is possible for this species
to have a second generation in mid-July and a third in late August
or early September. The second and third peaks of abundance did

occur at Weyburn in 1974. These were due to heavy rains in July
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Figure 4.1 Life histories of some species of mosquitoes at Meyburn, Sask. A.
cataphylla, A. nignomaculis, A. stimulans, C. restuans and M. peatunbans
were tod rare to analyze their life histories.
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Life histories of some species of mosauitoes at Saskatoon, Sask.
A, stimulans, A. canadensis and A. commundis were too rare to
analyze their 1ife histories.
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Figure 4. 3. Life histories of some species of mosauitoes at MacDowall, Sask.
A, domsalis, A. spencenid, A. ripanius, A, stimulans and A. eanlel
were too rare to analyze their life histories.
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Figure 4,4 Life histories of some species of mosquitoes at Prince Albert
National Park, Sask. A. spencendd, A. campestris, A. flavescens,
A. rniparius, A. earnfel and C. alashaensis were too rare to analyze
their life histories.
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Figure 4.7 Life histories of some species of mosquitoes at Rankin Inlet and Baker Lake,
N.W.T. Al nempefd was too rare to analyze its life history. Broken lines

represent ur*nown seasonal pattern of development.
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and August, which submerged eggs laid in previous years. On all three
occasions, the peaks were therefore first generation mosquitoes being
hatched at different times. A. campestrids emerged in early June,

A. fLavescens and A, {itchii appeared in the middie of June and

C. inornafn was Tirst collected in mid-June; several generations
fellowed in quick succession and resulted in a 1arge'popu1ation by
fall. Although C. fansalis appeared a little later, it was generally
concurrent with C. inornatz, since their breeding habits were similar.
In 1974, the cool weather seriously Timited the abundance of this
species. A, donsalis and A vexans appeared in late June and early
July, respectively. Although second generations are possible in
August or early September, cool weather in 1974-75 seriously limited
the abundance of these two species. Thus, in the grassland area the
numbers of mosquitoes were subject to extensive and irregular
fluctuations.

At the southern edge of the aspen grove section (Fig. 4.2) the
first major emergence of mosquitoes took place toward the end of May.
This population was made up largely of the following species:

A. spencenid, A. campestrnis, A, dorwsalis, A. fifehid, C. Anornata and
A. punctorn. A, cataphylla, A, ffavescens and C. fansafis, although
present, were never found in large numbers. With the exception of

A. cataphyllo, the above species persisted for the remainder of June
and July. A. vexans became common in July. When heavy rains occurred

in Auqust 1974, a second brood of A. vexans emerged in early September.
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At the northern edge of the aspen grove section and in the mixed-
wood forest section (Fig. 4.3, 4.4) the first emergence, in early
June, consisted of A, communis and A. cataphylfa. This was quickly
followed by huge numbers of A, punctor, A, eudes, A, §ifchii and, a
few weeks later, by A. candensis, A. cdinereus and A. plondps.

A. vexans was again one of the last to appear.

In the extreme northern wooded areas {Fig. 4.5) most species
emerged by mid-June and persisted till the end of July or early
August. Each species had only one generation. The first half of the
summer, June and July, was therefore noted for its great mosquito
abundance, while the second half, August and September, was more or
tess mosquito free. In the tundra area, this seasonality of
abundance was even more extreme, with only the latter portion of June
and the month of July having great numbers of mosquitoes (Fig. 4.6,
4£.7). While actual numbers of mosquitoes were probably higher than
in more southern locations, the number of dominant species in tundra
areas dropped to only four, A. puncton, A. hexodonfus, A. nighipes
and A, impigen.

4.2.1 Daily fluctuations in abundance

Two surveys in 1975, one at Ennadai Lake and one at Weyburn, each
lasting 24 hours, were performed to investigate the daily pattern of
activity. Sweep net samples were taken every three hours starting at
0900 hours C.S.T. one day, and ending at 0600 hours the foliowing day.

Mosquito activity, temperature, wind, cloud cover, relative humidity
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and the time of sunrise and sunset were also recorded.

The detailed results of the surveys, July 13-14, 1975 (Ennadai
Lake) and August 10-11, 1975 (Weyburn), are presented in Fig. 4.8.
The weather was hot with only a few clouds during the daylight hours
in both Tocations. Both histograms show a rapid rise in activity to
a maximum in the evening, followed by a drop to almost zero after
dark. At sunrise and during the early hours of the morning there was
a rise in activity to a second maximum. During the main daylight
hours, 1000 to 1800 hours at Weyburn, 0800 to 2000 hours at Ennadai
Lake, activity dropped to a minimum.

4,3 SPECIES DIVERSITY, DOMINANCE AND RELATIVE ABUNDAKCE

Table 4.5 shows the values of H, S and e for the eight ecological
zones. Trends in £ and S from one zone to the next are identical,
with high values occurring in the scuth and low values in the extreme
north.

The highest values of ff and S occurred in the aspen-grove/mixed
wood forest interface, where a variety of boreal forest and grassiand
mosquitoes were found.

The regression of fi against £og,S (Fig. 4.9) shows that changes
in mosquito diversity were closely retated to variations in species

richness. The relationship is expressed by the equation

fl= .78 + 4.51 {£og,S) (4:1)
The data shows a close fit to the Tinear form. Since the slope of the

regression is f/20g,S = H/Hmax = e [formula (3:3)] the figure
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Table 4.5 Values of H, S and ¢ for mosquito nooulations in eight

ecological zones. H = -fin;/N}lLogy,(ni/N): S = number of

species; E = H/fog,S.

Ecotogical zone H S e
Prairie grassland 665 14 175
Aspen grove .703 14 . 185
Aspen grove - mixed wood forest .718 18 172
Mixed wood forest 792 18 .190
Northern coniferous - northwestern .439 14 115

transition forest

Northwestern transition forest - tundra .520 8 173
Tundra (coastal) L4860 4 .230
Tundra (interior) .324 4 .162
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demonstrates the stability of the relative abundance component as well
as the correlation between H and species richness.

Dominance, defined by the community dominance index, 1s inversely
related to diversity. Fig. 4,10 illustrates this relationship for
mosquitoes in the study area with fewer species predominant in the
grassland or tundra areas in comparison to the forested region.

4.4 ENVIROMMENTAL FACTORS INFLUENCING DISTRIBUTION AND ABUNDANCE OF

MOSQUITOES

4.4,1 Weather and climate

The influence of weather on mosquitoes can be discerned in terms
of a winter phase which controls the initial water regime at the start
of the summer season, and a summer phase.

Wintern and spring 1974 - The early part of the winter was mild and
relatively-dry throughout the study area. Snow totals, up to the
middle of March, were 5-10 percent below the long term average. In
late March and April, a striking difference developed between the
central and the northern and southern extremities of the area. In
the extreme north and south near-average precipitation occurred and
the snow cover was gone by late April. In central regions precipitation
was above average for March and April. With the exception of the
Northwest Territories, temperatures throughout the study area were
cooler than normal.

At the beginning of May, the southern part of Saskatchewan

was dry and cool, although spring pools persisted in many areas. In
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central Saskatchewan the ground was wet, with much standing water.
The adjacent Northwest Territories had temperatures above normal;
precipitation and the amount of water standing were normal for the
time of year.

Summer 1974 - The general summer temperature and precipitation
regime is given in Table 4.6. Most of southern and central Saskatchawan
had above average precipitation with the greatest excess in the central,
mixed wood forest region; rainfall was below normal! in the extreme
northeastern parts of Saskatchewan and the N.W.T.. Tamperatures were
a little more variable than usual but seasonal means for the first three
months did not differ much from c¢limatic normals. In August and
September, temperatures were well below normal throughout the entire
region. Because monthly means tend to obscure weather variations
weekly averages of temperature, precipitation and hours of bright
sunshine are given in Table 4.7, Variations of -4 to +5 T from the
mean occurred during the summer.

May 1974 - The warm spell in the N.W.T. which lasted with few
breaks from May 12 to 31 was the most significant feature. Daytime
temperatures occasionally reached 12°C, about 4°C above seasonal
normals. Further south, cocler weather prevailed: mean daily
temperatures were 5°C below normal in the Saskatoon-Prince Albert
region; there were rain showers throughout most of the month. Rainfall
was above average in the southern part of the study area while

sunshine was high and winds were moderately strong.
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June 1974 ~ June is normally a wet month and June 1974 was no
exception: near normal rainfall occurred throughout the entire study
area. The last week in June was particulariy wet in the southern
boreal forest region. Temperatures were near average except for the
N.W.T. where they were again 4-5°C above the long-term average.

They were initially low but there was a marked trend upward towards
the end of the month, a warming trend which coincided with wet weather
in most areas. Sunshine was also near average although the mean
wind-~speed was Tower than usual.

Wet and consistently warm weather from June 19 to July 5
was significant in speeding up both larval development and
reproductive phases of most mosquito species. The influence of this
type of weather was particularly noticeable at Weyburn, Saskateon,
MacDowall and Prince Albert Mational Park. At MacDowall and Prince
Albert National Park, about 50 mm of rain fell in the last week of
June, maintaining larval pools established from the heavy rains in
May.

July 1974 - The weather was notably warm and moist until about
the twenty-second, providing extremely favourable conditions for
mosquito production and survival. Most areas then changed toward
showers and cooler weather, though rain was very meagre at Weyburn.
The cool weather was associated with 1ight winds although sunshine
levels remained remarkably high.

August 1974 - Temperatures remained cool throughout the entire
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region in August. The period from August 19 to 31 was particularly
cool, especially in southern and central portions cf Saskatchewan.
Total rainfall at Baker Lake and Chesterfield Inlet was below normal.
However, south of YWollaston Lake it was c¢loudy and wet. Rain, often
associated with thunderstorms, fell on 17 days at Prince Albert and
Saskatoon and was 100-2C0% above average. Over 70 mm of rain fell on
August 9. In most areas of central and southern Saskatichewan
abnormaliy high rainfall maintained larval pools or produced new ones.
Mosquito abundance remained at fairiy high levels in these areas.

Sepitember 1974 - From September 1-6 and during the Tast week in
September, rainstorms continued to move through the central portions
of the province. Over 30 mm fell at Prince Albert; the national park
received 37 mm but other areas rcceived only 1ight rainfall.
Temperatures throughout the entire study area remezined cool ranging
from 3° below normal in the south to 4° below normal in the north. The
continued cool weather seriously curtailed mosquite activity throughout
the study area. |

Ennadad Lake 1975 - Cool, dry conditions prevailed at this
station in 1975, the only Tocality where 1975 mosquito distribution
and abundance records were collected. Snow accumulation during the
preceding winter approached normal levels, producing numerous larval
pools in the spring. May and June mean weekly temperatures vere
several degrees lower than in 1974, although they paralleled the

Tong-term averages more closely than those in 1974. The last week in
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June and the first week in July were decidedly warmer (+6°C) than
1974 but subsequently cooler conditions again prevailed, well below
normal levels. With the exception of the first two weeks in June,
precipitation was also lower than in 1974 and, again, below the Tong
term average. Wind speeds were above average and above those levels
recorded in 1974. Winds over 15 kph were recorded fdr 60% of the
time.

4.4.2 Habitat preference

The mosquito fauna of a particular region depends upon a complex
of factors including rainfall, wind, soil type, acidity (pH)} of water,
organic content of water, and the presence or absence of vegetation
near the breeding site. Vegetation appeared to be especially important
in the present study.

A wide variety of larval habitats! were investigated through the
study area and were classified as follows:

(1) Semi-permanent snownelt pools

{a) Open grass or sedge pools
(b) Wooded pools

(2) Temporary floodwater pools
(3) Permanent marshy pools

(4) Artificial pools

{5) Rock pools

l1For a more detailed description see Appendix B.
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Most pool types were found throughout the study area. The latter
habitat type, the rock pool, was confined to more northeriy subarctic
and arctic areas.

Larvae of 24 species were found in the various habitat types,
(Table 4.8). Generally speaking, Aedes larvae and pupae developed
before the main growth of aquatic plants or in flood water pools
caused by rainfall during the summer. Culex, Culiseta and Anopheles
larvae were mainlty found in July and August in those habitats which
contained water throughout the year. Although large in size, the
variation in vegetation comprising the latter habitat type was Timited.

A comparison of the differences in species distribution among the
various habitats revealed that the most productive environment - the
semi-permanent, open grass pool - was dominated by A. Apeuncertidc,

A. flavescens, A. campestris in the grasstand area, A. {itehdd,

A. excrucdans and A. punctorn in the boreal forest and A. nigripes,

A, punctor and A. Lmpiger on the tuncra. With the exception of

A, hexodontus, many of the species found in this habitat were also
found in smaller numbers in open sedge habitats. The principal species
found in open grass or sedge pools were those frequently encountered

in the open as adults (see also Happold, 1965a).

A. communis was often the mosi numerous species in forest poois.
A. plondps, A, punctor and smaller numbers of other species

were often encountered in forest pools as well. A. earnfed,
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C. A{nornata and C. tarsalis were found in more permanent water such
as along the margins of lakes. C. {noanmafa, however, bred abundantly
in artificial pools formed when stagnant water collected at the boltom
of roadside culverts. These culverts served as excellent breeding and
resting sites for this species, often supporting a nuge population.

The most abundant species of mosauitoes in a given area were
often found in many breeding locations, (Tables 4.4, 4.8). The
remaining species were more restricted in their habitats; this may
bhe one of the reasons why they were less common.

4.4,3 Predators

More than eight species of aquatic animals associated with
mosquito larvae were collected during this study (Table 4.9). Most
of the species had a wide distribution throughout the study area
and some were effective predators of mosquito larvae, notably
Dytiscidae, Hydrophilidae, Limnephilidae and Odonata species. In the
spring, however, when Aedes larvae were abundant these animals rarely
attained the numbers of the mosquito larvae.

During the course of the work at Rankin Inlet, N.W.T. in 1974,
mermithid worms {Class: [lematoda) were found to infect some species
of Aedes tarvae. Of the 319 A. nigripes larvae, 22% were infected
with the worms, and of the 25 A, .{mpiger larvae 8% were infected. The
mermithid attacks were fatal to the mosquito larvae, so the percentages

represent the minimal estimates of infection in the larval populations.
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Table 4.9 List of predators found in mosquito larvae collections in
the study area

SCIENTIFIC NAME COMMON NAME
INSECTS
Odonata (Dragonflies and Damselfljes)
Aeshnidae Darners
Agrionidae Broadwinged damselflies
Hemiptera {True Bugs)
Corixidae Water boatmen
Notonectidae Back swimmers
Hydrometridae Water measurers
Trichoptera (Caddisfiies)
Limnephilidae Northern caddisflies
Coleoptera (Beetles)
Dytiscidae Predacecus diving beetles
Hydrophilidae Water scavenger beetles
Diptera (Flies)
Culicidae Mosquitoes (Mochlonyx spp.)
Dixidae Dixid midges
NEMATODES
Nemathelminthes (Nematode worms)

Mermithoidae Mermithid worms



4.5 FORECASTING DISTRIBUTION AND ABUMNDANCE

Accurate prediction of adult insect emergence depends on the
variation that may be expected, (1) in assessment of effects of
environmental factors on rate of development, and (2) in
measurement of meteorological and edaphic factors that are known to
influence rate of development. In the case of mosquitoes, the
effect of atmospheric temperature conditions on breeding pools can
be additively compiled from day to day to indicate from established
thermometabolic cycles the expected time of appearance for a given
species (see for example, Haufe and Burgess, 1956).

Applying the above method to this study, maximum and minimum
air temperatures were used in correlations between pool temperature
and meteorological conditions. The daily averages of the maximum
and minimum air temperatures were correlated with the daily average
temperatures of the water in an exposed mosquito pool at Ennadai
Lake, N.W.T. for 19 consecutive days during a normal period of
mosquito development (June 21 - July 9, 1975). Air temperatures were
recorded as Stevenson screen values, 1.2 m from the ground; the
temperatures of the pool were recorded as the daily average
temperature taken at a depth of 2 cm below the surface of the water
in the deepest part of the pool. The pool, an open-grassy type, was
situated on the south side of an esker and had a coarse, gravelly
substrate. Mosquito species present included A. excrucians and
A. hexodontus. The above procedure provided 19 pool temperatures for

correlation with air temperature over the study period. The
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regression for this correlation is shown in combination with the dot
chart in Fig. 4.11. The coefficient of correlation between
temperatures of the pool and air temperatures was 0.84, with a
standard error of regression of *2.46.

From the known thermal constants and lower thresholds of
development of the two mosquito species {Table 4.10} the total
number of "degree-days” above the threshold for each species were
compiled. The results are shown in Table 4.11. Assuming that
embryonic develepment began for both species on June 2, 1975 (this
represents the date when the ice had completely left the surface of
the pool), and that the sum of the total number of “degree-days" must
be equal to or greater than the thermal constant for each species
before adult emergence occurs, then the date of the first emergence
of A. excrucdans would be expected on June 30, 1975 and that of
A. hexcdontus on June 23, 1975 (Table 4.11). These are the dates
when the total number of degree-days achieved in the pool, surpassed
the thermal constants of the two species {228.5 for A. excaucians
and 105.3 for A. hexedontus). Collections of larvae, pupae and
emerging adults from the pool revealed that the actual date of the
first emergence of A. excrucdans was July 2, 1975 (a difference of
two days from the predicted date) and that of A. hexodontus vas

June ‘25, 1975 (a difference of two days from the predicted date).
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Table 4.10 Thermal constants and lower thresholds of
develonment of Aedes mosquitoes at Churchill,
Manitoba (Haufe and Burgess, 1956)

Lower

Thermal threshold of

constant development
Species (°C x days) °C
A. Ampigen 150,1 1.1
A. nigripes 150.1 1.1
A. pucton 127.7 3.4
A. communis 161.3 3.4
A. hexcdontus 105,3 7.3
A. plondps 217.3 3.9
A. excauciansd 2238.5 4.5
A. {lavescens 228.5 4.5
A, campesinis 161.3 3.4
A. cinerews 127.7 3.4

[Hote that the tundra species of mosquito (A. impiger and
A. nignipes) have lower thresholds of development
approximately 1.1°C; the forest species (A. communis, A.
punctor, A. excaucians) have a range of 3.4-4.5°C]



Table 4.11 Calculation of "degree-days" above developmental threshold
for A, excrucdans and A. hexcdontus, from breeding pool temperatures
at Ennadai Lake, H.W.T.

Mean Mean Degrees above legrees above
daily air daily pool  threshold (4.5° threshold (7.3°
Date  temp. {x) temp. (y) A. excruedans) A. hexodontus)
June
3 3.9 10.0% 5.5 2.3\
4 6.1 11.1 6.6 3.9
5 3.9 10.0 5.5 2.8
6 4.4 10.6 6.1 3.4
7 6.1 11.1 6.6 3.9
8 10.6 13.9 9.4 6.7
9 10.6 13.9 9.4 6.7
10 9.4 13.3 5.8 6.1
11 10.0 13.3 8.8 6.1
12 7.2 11.7 7.2 4.5
13 6.1 11.1 6.6 ' 3.9>> 105.4
14 2.8 9.4 4.9 k 2.2
15 3.9 10.0 5.5 7.5
16 5.0 10.6 6.1 ; 237.4 3.4
17 7.8 12.2 7.7 5.0
18 10.0 12.3 £.8 6.1
19 12.2 14.4 9.9 7.2
20 13.3 15.6 1.1 .4
21 14.4 18.3 13.8 11.11
22 10.0 15.6 11.1 8.4) predicted firs
23 9.4 12.8 8.3 5 .6t
24 16.1 18.3 13.8 1.1 emergence
25 18.3 17.8 13.3 10.6 jactual first
26 13.3 16.7 12.2 9.5 emergence
27 11.7 15.6 1.1 8.4
28 10.6 13.3 8.8 6.1
29 14.4 15.0 10.5 . . 7.8
. predicted first
30 11.7 13.3 8.6« crgence 6.1
July
1 13.3 14.4 9.9 actual first 7.2
2 13.9 17.8 13. 3 emargence 10.6
3 21.1 20.0 15.5 12.8
4 16.1 16.1 11.6 g.9
5 13.3 14.4 9.9 7.2
6 13.9 14.4 9.9 7.2
7 7.8 14.4 9.9 7.2
8 7.2 10.0 5.5 2.8
9 10.0 11.7 7.2 4.5

*[lumbers in italics are estimates based on the regression equation
y = 28.2 + 0.56x.
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CHAPTER 5

DISCUSSICH

5.1 GEOGRAPHIC DISTRIBUTION AND ABUMNDANCE OF MOSQUITOES

The distribution records of mosquito species obtained in this
study indicate that they may be divided into groups each associated
with a particular type of ecological region (Fig. 5;1).

By far the largest group in the study area consisted of Boreal
forest species. The group included: A. canadensis, A. catuphylla,

A. cdnereuws, A, communis, A. diantaews, A. eudes, A. excrucians,
A. fitehid, A, implicatus, A, piondips, A, punctor, A. alparnius,
A, sticticus, A, stimulans, C. alfashaensis and C. impatiens.

This is consistent with Vockeroth (1954a), who states that his
group extends across northern Canada in the forested areas, and reaches
down into the United States in both the east and the west. The exact
distribution and relative abundance of these species varied greatly.

A. diantaews, A, implicatus, A, riparnius and A, stimulans were
rare of comparatively rare everywhere; A. cafaphyfla was abundant along
the southern edge of the forests; A. eudes, A, excuwedians and A, fitchid
were widespread and abundant in the south and central portions of the
Boreal area, with only A. excrucians occurring as far north as the
treeline. A. communis and A. punctorn were common throughout the entire

region.
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Four species (A. {favescens, A. campestnis, A. dorsalis and
A. vexans} were found in great numbers in the grassland area and
occurred in small numbers and at varying distances into the forested
regions. The remaining grassiand species, of which C, {nornata,

C. famsalis, A. earled, A. nigromaculis and A, spencendl were the
most common, were Targely confined to the grassland area.

Four species may be considered Arctic, and were the most abundant
mosquitoes of most of the northern tundra. A. nigripes was truly
Arctic and did not appear to breed south of the treeline. The
exceptions are certain coastal localities and in the Rocky Mountains
of Alberta, British Columbia and the United States {Freeman, 1952a;
Vockeroth, 1954a). Aedes hexodontus, punctor and Lmpiger ranged
throughout the Arctic, but were most abundant just north of the treeline.
With the exception of A. punctor which ranged quite far south, they
also occurred a short distance south of the treeline.

Two species did not fall into any of these groups. A. ftriseriatus
had a peculiar discontinuous distribution in the study area, being
reported from two localities, Regina and Wollaston Lake. Its
distribution in eastern Horth America is likewise as discontinuous
{Carpenter and LaCasse, 1955). A. nempefdl is known from only five
localities, two north and the other three south of the treeline.

5.2 SLCASONAL DISTRIBUTIGN AND ABUNDANCE OF MOSQUITOES

Some species have only one generation in a season, while others

have two or more. The eggs of certain species require stimuli such as
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treezing or high temperatures before they will hatch; in the case of
others, some of the eggs will not hatch at the first submergence in
water (MclLintock, 1944; Rempel, 1953}. As a result it was found that
in many habitats, particularly those of a permanent or semipermanent
nature, there was a succession of species in the course of a season.
The first species to appear in a pool was not always the first to
disappear; there was an overlap of generations, and this was reflected
in an adult population cf an area.

The studies on seasonal distribution and abundance revealed
several interesting features throughout the entire study area. First,
the total population fluctuated during the summer months, and these
fluctuations were not constant in time, number, and amplitude from one
location to the next. Second, some of the peaks of abundance of
individual or groups of species ceoincided with the peaks of the total
population (Fig. 5.2). For example, in all Tocations the first
population peak represented mainiv the black-legaged univoltine (only
one generation a year) species. Commwils group species - A. impigen,
A, nigripes, A. punctor, A, communis and A. spencerii - were typical
examples. The second peak represented the residue of this population
plus the peak populations of the Stimufans or Dornsalis groun of Aedes
and dominant species of the other genera, (mainly C. {nornata,

C. tansalis and A. earnfed}. Finally, a third peak arose when second
generations of the wmultivoltine {one to several generations a year)

species began to appear, and were added to the now dwindling
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populations. A major component of the third peak was those univoltine
species whose eggs did not hatch in the spring but did so when
sufficient flooding took place Tater in the summer. In 1974-75, the
third peak was small or nonexistent in most localities, probably due
to below-normal summer temperatures throughout the study area.

The reason for this seasonal occurrence of different species or
groups of species is not clear. Seasonal distribution and abundance
may be influenced by the d2gree of cold resistance of the various
species. While pronounced cold resistance characterizes all northern
mosquito species, specific differences in the degree of c¢old tolerance
significantly distinauish the less adanted stages in both the
univoltine and multivoltine Tife cycles. For example, the Aedes
found in the study area can be arranaed naturally in serial order
based on water temperatures typical for a critical advance in stage:
(1) temperatures at which the egags hatch; (2) temperatures
characteristic of optimum development; (3) the seasonal order of
appearance of the species as adults (Table 5.1). Whether the criteria
used be (1), (2) or (3), the resulting arrangement is practically the
same. Larvae of the earliest species precede the latest in the study
area by two months. Larvae of all forms manifesting the multivoltine
cycle presumably never tolerate cold as well as any of the univoltine
Aedes, and larval cold tolerance and seasoral emeragence are thus

closely bound up with the life cycle type.
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Table 5.1 Seasonal occurrence of adult Aedes species in the study
area. Dates are based on first anpearance of adults.

Grassland and Boreal Forest Regions

Late May - Early June Mid June - Late June Farly July - Mid July

cataphylla {lavescens vexansd
Apencerid. eudes stioticus
Amplicatus fLtenid pLonips
donsalis excnaians niseniatus
campesinis punciton nigromaculis
communds stimulans diantaeus

nAparius

canadensis

cdnereus

Tundra Region

Late May - Early Jdune Mid June - Late Jdune Early July - Mid July

RAGRAPES nempefd
anplgenr exciucians™
puncton cataphylla*
hexodontus cdlneneus™®

*Ennadai Lake, N.W.T. only.
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5.2.1 Daily fluctuations_in abundance

Temperature has been found to affect mosquito distribution and
abundance on a daily basis. The histograms of mosquito activity
illustrated in Fig. 4.8, generally follow the changes in relative
humidity during the daylight hours and there was an inverse
correlation with temperature. In a similar experiment in north-
eastern Alberta, Happold (1965b) has shown that when the weather is
cloudy and humid during the daylight hours mosquito activity remains
at almost the same level throughout the daylight hours. A cloudy,
humid day produces relatively constant relative humidities and
temperatures, and only a small variation in mosquito activity. The same
phenomenon was observed in densely wooded habitat, where relatively
constant humidity and temperature levels combined tc stimulate
activity during the daylight hours.

5.3 SPECIES DIVERSITY, DOMINANCE AND RELATIVE ABUNDANCE

The results indicate that in a given ecological community,
mosquito species diversity could be adequately described by merely
counting the number of species present; i.e., their relative abundances
as measured by the evenness index (2¢) could be disregarded. Therefore,
we can conclude that the factors which regulate mosquito species
diversity do so by determining the number of species which can co-exist
in a given habitat. Hypotheses as to the causes of diversity have been
reviewed by Pielou {1966) and only one will be considered here.

MacArthur and MacArthur (1661) showed that in temperate regions

the diversity of many organisms can be correlated to foliage



diversity. That is, diversity increases with the number of layers in
the vegetation and with the evenness of foliage apportionment among
the layers. Applying this relationship to the data in Table 4.5, we
find that tundra and grasslands (one-layered) are less diverse than
shrublands or aspen groves (essentially two-layered}; ceniferous
forests (up to three-layered) often have somewhat sparse shrub and
herbaceous layers and therefore have diversities in between those of
two-layered and other forested (three-layered) communities. Therefare,
it is possible that foliage diversity determines the number of
available niches (at least in the physical sense) and thus the number
of mosquito species which can co-exist within a given ecological
community.

While foliage diversity may explain the correlation of species
richness to diversity in temperate communities, it is still not clear
why the species relative abundance component as measured by the
evenness index {Table 4.5), remained so stable from community to
community.

Most insects (including mosauitoes) are generally considered to
be "opportunistic" (MacArthur, 1964); i.e. a given species can reproduce
quickly and become extremely abundant when conditions are favourable.
Since their environment is characterized by relatively high climate
variability, a species can only achieve high numbers temporarily, and
equilibrium numbers only exist as long-term averages taken over

several generations ar throughout the entire season. Therefore, a
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number of mosquito samples taken sither at different times or in
different communities is likely to have highly variable species
abundance distributions. The fact that this was not the case in the
present study indicates two possible explanations. (1) The samples
taken in each ecological zone were large enough and taken over an
adequate time frame, to represent long-term "average" or
equilibrium populations. (2) Individual mosquito species may not be
as "opportunistic" as was previously assumed. They may represent
"equitibrium" species whose physical environment and resources are
relatively stable from one generation to the next, and whose densities
are partly determined by territoriality and behaviour (see MacArthur,
1964)}. The more northerly univoltine aedines, for example, appeared
to lay the same number of eggs for both 1974 and 1975 and their
numbers were at equilibrium from one generation to the next. The
result is that in most mosquito communities the available species
partition the habitat in a characteristic way, and a series of samples
from the same or from different localities will yield similar
distributions of species abundance.
5.4 ENVIRONMENTAL FACTORS LIMITING THE DISTRIBUTION AND ABUNDANCE OF
MOSQUITOES

5.4.1 VWeather and climate in relation to distribution and abundance

hTthough many factors may contribute toward the distribution and

abundance of the mosquito population in a region, none are more
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important than the limitations imposed by certain climatic variables -
namely, temperature and moisture. Since the larvae are aoguatic it
follows that precipitation will be an important factor. However, a
correlation between total rainfall and mosquito abundance does not
necessarily follow. later availability is the critical key to
moisture effects on mosquitoes. The amount of available or standing
water is the difference between the amount of precipitation and
evaporation. In the grassland area, if the land is dry, the water
from melting snow or rain will be soaked up so guickly that little
will be left in depressions. Again, if the precipitation falls in
the form of a slow prolonged drizzlg 1ittle water will accumuiate.
If a2 rain is followed by strong warm winds, evaporation will quickly
dispose of the water in shallow places bringing all breeding to an
end. Moreover, it has been found reveatedly that maximum mosauito
development takes place when the habitat has been subjected to
alternate drying and flooding (Rempel, 1953; Brust and Costello,
1969). It is well established that not all eggs hatch at the first
flooding; only alternate drying and flooding assures the hatching of
the remainder.

Water availability as a factor in mosquito develgoment is more
stable in extreme northern areas. The effect of evaporation is not
as great as in southern areas. Furthermore, many larval pools are
underlain with permafrost, making water drainage difficult. As a

result, many pools are maintained at relatively constant levels
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throughout the summer season,

The 1ife-histories of the species have a bearing on the
effectiveness of such meteorologicai controls as well. The moscuitoes
of the study area belono to seven different genera but only four of
these can be considered as common or abundant. Among the four genera
there are three different types of life cycle each affected in
different ways by temperature and precipitation. These 1ife cycles
have been described in detail by McLintock et. al., (1966) and will
only be briefly mentioned here. All species of Anopheles, Cufex, and
Culiseta have a Tife cycle in which generation follows generation all
summer {obligatorily multivoltine). These mosauitoes all lay floating
eggs on water and their embryonic development is continuous from the
moment the eggs are laid. Members of these three genera overwinter as
adult females. They lay their egos on the more permanent or semi-
permanent types of surface water such as sloughs, pcnds, seepace from
irrigation canals, flooded hoof prints of livestock, flooded roadside
ditches, and a variety of artificial containers (see Table 4.8). The
abundance of these species in a season depends mainly on temperature
which governs the rate of ovarian, embryonic, larval, and pupal
development and conseguently the number of generations; but the
favourable range of temperatures is different for different species.
Rainfall has only an indirect effect on these multivoltine species in
maintaining water levels and prolonging the persistance of semi-

permanent pools; it is possible for these species to be abundant during
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a comparatively dry summer (McLintock and Rempel, 1963).

The species of Aedes, the most numerous throughout the entire
study area, have a radically different life cycle which in turn depends
on a completely different set of climatic variables. These species all
overwinter in the egg stage but differ in the response of eggs to
flooding and temperature. Most of these species lay their eggs on the
vet mud at the edges of pools formed by rain and melting snow. In one
group of species the eggs go into diapause scon after being laid and
will not hatch, when flooded, until they have been subjected to a
period of conditioning at Tow tempertures. These species have only
one generation per year (obligatorily univoltine), their eggs do not
hatch until the following or some subsequent year to that in which
they were laid. The abundance of these species depends directly on
precipitation, and temperature serves only to retard or hasten their
development. These species occur as explosive but short-Tived
outbreaks in the spring or following heavy rains during the summer.

Aedes of the second group are more adaptable in their 1ife cycle.
They are basically multivoitine but if weather conditions are
unfavourable they can become univeltine (facultatively univoltine).
Like the first group of Aedes, they Tay their eggs on the mud at the
edges of pools and the egg deposits parallel the edges of the water
bodies. Immediately after egg-laying, the embryonic develcpment of
an egg proceeds to completion., If at the time embryonic development is
complete, the eggs are submerged in water by heavy or persistent rains,

they will hatch but if the pool has been drying and the location of the
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eqgs has dried by the time embryonic development is complete, then

the embryos go into diapause and wiil nct hatch until after a period
of conditioning at low temperatures. This, of course, will be in the
following or some subsequent year. In a dry summer these species will
be scarce. In a summer with sufficient rain to increase water levels
these species will be aburdant but will reach their greatest abundance

in a hot, wet summer {McLintock et. al., 1966).

When the collecting started in late May - early June 1974,
mosquitoes were not sufficiently abundant to be annoying. Univoltine
Aedes species were the most abundant mosquitoes and the multivoltine
A. donsafis and overwintered femaies of Culiseifa species were also
present.

The cool May weather in the southeyrn part of the study area
moderated by June 1S, and showery and consistently warm weather was
probably significant in speeding up mosquito development throughout
the entire area. The influence was particularly noticeable at
Prince Albert National Park and MacDowall. In all areas, however,
conditions appeared optimal for the production and survival of
mosquitoes.

In July, the weather was notably warm until July 22. This was
again favourable for mosquito preoduction and survival; the numbers of
mosquitoes trapped gradually increased with the univoltine Aedes still

predominating in most areas. Between July 1 and 8 a more rapid increase
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in the multivoltine species in the grassland and for the remainder of
the season they dominated all the catches in this area. C. f{nornata
was the predominant multivoltine species. Increasing numbers of

C. ftansalis began to have a noticeable effect on the size of the
catches during the latter half of July. The univoltine Aedes also
continued to increase in numbers Eut at a much slower rate and both
groups reached their summer peaks between June 24 and August 5
depending on Tocation. 1In the N.W.T. maximum mosquito abundance was
reached on July 8; all species were univoltine in habit.

In August, decline in mosquitc numbers followed the decrease in
mean weekly temperatures. In the southern boreal forest, however,
abnormally high rainfall maintained Tarval pools or created new ones.
Although temperatures were low, there were still two periods in the
second half of the month when temperature means were occasionally
above normal. In this area, betwsen Prince Albert National Park and
Saskatoon, mosquito abundance remained at a relatively high Tevel
compared to other locations in the study area. Continued cool
weather in September seriously curtailed all mosquito activity
throughout the study area.

Weather factors considered favourable for promoting mosquito
development during May, June, July and August, 1974, are summarized
in F%g. 5.3. With the below-normal temperatures and above-normal rains,
we could have expected the univoltine Aedes to be more abundant than

the multivoltine species in the total catches of such a season.
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Undoubtedly this was the case in northern areas but Table 4.1 indicates
that was not the case in southern Saskatchewan in the summer of 1974.
This suggests that in southern Saskatchewan, temperatures below the
meteorological normals for the summer were adequate for ranid
development of some multivoltine species, This had particular
application to C. .{nornafa, a species known to be tolerant of Tow
temperatures in the laboratory and in the field (Mclintock, 1952;
McLintock and Rempel, 1963) and belonging to a genus in which tolerance
to low temperatures appears to be characteristic.

It is also Tikely that the relative numbers of mosquitoes each
year are determined by the number of eggs available for hatching and
the amount of snowfall during the previous winter. The number of eqas
that hatch in the spring is partly devendent on the extent and
distribution of breeding pools. If pools are widespread, numerous
eggs will be wetted and immersed, and a larger adult pooulation will
follow. After several years of small snowfall {and small pools,
poorly distributed), there may be an accumulation of eggs in regions
which were not flooded in these years; a heavy snowfall will then
result in a large popuiation the fo]Towing_summer. A similar
suggestion was made by Rempel (1953) to explain the very large numbers
of prairie mosquitoes which occur in some years. The large snowfall
in parts of the study area in 1973-1974, combined with large amounts
of summer rainfall, was followed by a large mosquito population in 1974,

about twice that found in 1975. The snowfall in the preceding winter
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may be the most important single factor regulating the initial size of
the mosquito population.

5.4,2 Habitat preference

The studies on the larvae showed that each species had a
preference for particular habitats, but since the distinction between
these habitats was often not great (temporary floodwater pools in
grassy ditches or open-grass slouahs, for example}, most species were
found in more than one habitat type. ilone of the species encountered
in 1974-75 showed a preference as distinct as that of A. xempeldi,
which only developed in stenothermal rock-crevice pools in the arctic.
The study showed that larvae of certain moscuito spacies could, in
fact, develop in a wide range of water conditions, This sugoests that
the preferences as found in nature are due to the selection of the
habitat by the adult female mosauito. This is in accordance with the
findings of other researchers, most notably Happold {1965a), Osgood
(1971) and Dixon and Brust (1972). Happold (1965a) hypothesized that
since the larvae of several species are found together in vools of
water, the females of certain species must react in a similar manner
to the same environmental variables. Similarly, in those species
whose larvae occur in a wide variety of habitats, females must be
stimulated to lay by a wide variety of environmental variables. If
the species in the study area all requived specialized habitats, the
environment would probably not be able to support so many species. It

was apparent also that the commonest species had a wider rancge of



habhitats than the less common species.
5.4.3 Predators

Predation and parasitism are said to be important factors in
Timiting the numbers of mosquito larvae, but with regard to the
mosquitoes in the study area at least, there was 1ittle evidence to
support this. Aedes larvae were generally the only aguatic animals
present in poois between egg hatching and the emergence of adults, so
predators could not be considered a limiting factor. The works of
Baldwin et. al. (1955), James (1961) and Happold (1965a), have shown
that many insect predators do prey on mosquito larvae. However, the
predators studied are often dependent upon more permanent water for
development, where relatively few Aedes larvae cccur,

Parasites may be more effective than predators in controlling
mosquito larvae, especially those that have an egg stage or a spore
stage that can survive the drying of temporary pools and whose 1ife
cycle can be synchronized with that of the mosquito. Mermithid
nematodes were the most effective parasites of mosquito larvae in the
study area. Fairly high levels of natural parasitism were recorded
from about 50% of the pools studied at Rankin Inlet, H.W.T. in 1974.
The Tife cycle of the nematode appeared to be well synchronized with
that of the two affected species, A. nignipes and A. dmpigen.

The study by Shemanchuk (1978), of the fungus Coefomomyces
psorophorae found in Culiseta inornata at Lethbridge, Alberta is also

encouraging. He found fairly high levels of infection, and larval
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mortalities of up to 80% in some breeding pools. On a wider
geographic scale, however, this cannot be considered a Timiting
factor by itself.

5.5 FORECASTING DISTRIBUTION AMND ABUNDANCE

Any useful method for predicting the period of mosquito
development on the basis of weather conditions is practical only if
it depends on weather factors that are normally recorded at weather
stations. This study demonstrates the necessity of continuous records
as opposed to spot readings of meteorological variables for any
mathematical models which attempt to predict mosquitc occurrence.

It also indicates that the temperature conditions of a breeding pool
are dependent largely on weather factors, but they are influenced also
by edaphic or topographic factors.

Edaphic factors cannot be neglected in the study of mosquito
development, especially when rates of development are compared for
different geographical areas. The effects of weather and climate are
modified continually by subsoil temperatures to a degree that varies
with site, elevation and geographic Tocation. The site and substrate
structure of the study pool at Ennadai Lake, for example, was that of
a pool underlain with coarse gravel on the south facing slope of an
esker. Temperatures in this pool often exceeded 25°C in the daytime,

a situation radically different from more sheltered, wooded pools where
daytime temperatures would only reach 18-20°C. The differences between

the two pool types had important consequences for the different types
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of mosquitoes developing in them. A. excrucians, for example, had
relatively large temperature requirements for development (see

Table 4.10), and was a dominant woodland species with the larvae
being frequently collected from open woodland pools of the sedge or
grass type. However, it was able tc extend its range into the tundra
areas by breeding in open pools, exposed to the warming rays of the
sun. It is apparent, therefore, that any attempt to forecast
distribution and abundance of mosnuitoes must take into account the
varitability of micro-environmental factors in relation to mosquito
habitat. This is important because some species miaht choose a site
that is suitable for development on a micro-environmental level, even
though this site is lcocated within a develoomzntally unsuited macro-

environment.
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Chapter &
CONCLUSTON

During the spring and summer months of 1974 and 1975, mosquitoes
were collected from eight locations considered representative of three
distinct ecological zones in Saskatchewan and Keewatin District, N.W.T.
- the grasslands, the boreal forest, and the tundra. Thirty-five
species of mosquitoes were collected comprising 25 species of Aedes,
six of Culiseta, two of Cufex, one of Anopheles and one of Mansonia.

Each ecological zone had a characteristic group of mosquito
species within it, with several species predeminating. There was a
general decrease in the number of species as one went north. The area
found to have the highest diversity of mosquito species was the aspen
grove-mixed wood area where a wide variety of grassland and boreal
forest species were found. In a given ecolegical zone, the diversity
of the mosquito population could be adequately described by merely
counting the number of species present.

The sequence of appearance of larvae and adult mosquitoes varied
throughout the three ecologicai zones. In southern areas there was a
marked succession of species with several generations of individual
species. In northern wooded areas and on the tundra there was usually
one great emergence of species with only one generation per year.

-Correlations of life cycle type (univoltine-multivoltine) with
seasonal occurrence and geographic distribution were also noted. There

was a decrease in the number of multiveoltine species as one went
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northward in the study area. Only cold-tolerant species possessing the
univoltine life cycle were able to éucceed in extreme northern areas.
Similariy, there was correlation of habitats with type of 1ife cycle,
The species belonging to the univoltine cycle bred in temporary waters
or the drying margins of semi-permanent waters. The earlier species
developed in snow melt-water or similar flood-water pools. The later
species required water which persisted longer. Species with a multi-
voltine cycle occurred only in permanent waters or the most persistent
residual pools of the semi-permanent type. The most abundant
multivoltine or univoltine species were found in those habitats having
the widest geographic distribution and possessing a range of
environmental conditions.

The environmental conditions of the mosquito habitat affected
species distribution and abundance in the following ways: (1) the rate
of snow melt in the spring and the amount of snow or rain determined
the date and the extent of egg-hatching. The nature and the extent of
the moisture in the breeding pools was of particular importance to the
univoltine species; (2) the temperature of the water and air determined
the rate of development of the eggs, larvae and pupae, the rate of
ovarian development in the adult females and the general level of
acitivity in adults. 1In a cold year, such as 1974 or 1975, the period
between the first and last emergence of adults was prolonged. This had
a particular effect on the multivoeltine species, where the number of

generations per season and the Tevel of activity in the adultis were
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reduced; (3) the fact that the larvae of many mosquito species could
develop in a wide range of water conditions and habitat types suggests
that much of the pattern of larvae distribution was due to the
selection of the habitat by the adult female mosquito. This
suggestion is further reinforced by the fact that the production of
mosquitoes occurred in only a small number of available pools. Many
pools, essentially the same with respect to physical parameters such
as temperature, moisture, nutrient status, pH, etc., were left
unoccupied by mosquitoes; (4) predation was not as effective as
parasitism in limiting mosquito distribution or abundance. On a local
scale, parasites 1like the mermithid nematodes were very effective in
1imiting mosquito numbers. On a wider geographic scale, however,
predation or parasitism could not be considered limiting factors by
themselves.

It was possible to use much of the foregoing information to
forecast mosquito abundance and distribution, especially on a local
scale. From known developmental periods, it was possible to predict
the expected time of occurrence of two species by adding up the number
of heat units or "degree-days" available to these species in a given
year. Furthermore, a species such as A. excrucians was able to extend
its geographical range into an area with an unfavourable macro-climate
provided that a habitat existed where the minimum thermal requirements

were available for completion of development of that species.
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APPENDIX A

Notes on the species.

Aedes campesinis Dyar and Knab - This species was common to the
dry grassland region where it has been reported to have a wide
distribution (Rempel, 1953; MclLintock, unpubl.}; it is found sparingly
as far north as the treeline (Vockeroth, 1954). It has been taken at
Whitehorse, Y.T. and Churchill, Manitoba, in moderate numbers but,
despite intensive collecting, it has not been found in the region
between these peints. In the present study area it has been recorded
as far north as Prince Albert Mational Park.

The larvae were found in alkaline, semi-permanent or
permanent pools, rich in organic matter. The nools usually had mud and
grass bottoms with roadside ditches being a favourad habitat. For this
reason the species may be restrictad in overall distribution although
extremely abundant in a particular area. There appears to be only one
generation a year,

Aedes canadensis (Theobald) - This was a common woodland species
in the study area being most abundant near the northern edge of the
aspen grove region. Happold (1965a) recorded similar results from the
aspen grove region of northern Alberta. On a North American scale,
this is one of the most widespread mosquitoes, 1ts distribution
blanketting the larger part of the United States and southern Canada
(Carpenter and LaCasse, 1955).

The larvae were found in permanent and semi-permanent pools

usually protected by trees or shrubbery. The adults attacked readily



- 117 -

ancd were most annoying in dense ponlar bluffs. There was only one
generation a year with the larvae anpearing in late May - early June.

Aedes cataphylla Dyar - In the study area this species was
found commonly in the asnen parklands of central Saskatchewan
extending north into the coniferous forest zone. 1Its range extendad
as far north as Ennadai Lake, I.W.T., wherever relict patches of forest
occurred.

Larvae were found in grassv habitat, sheltered by trees; the
larvae appeared in late May and adults emerged by early June.
A. cataphylla appears to be a short-1ived species with few adults ever
caught in July. There was only one ceneration a year.

Aedes cinereus Meigen - This was a nredominately weodland species
and was one of the last Aedes species to emerge. The larvae seemed to
prefer a variety of habitats, havina being taken from permanent, semi-
permanent and temporary locations. Other authors have found them in
onen and wooded pools (Haufe, 1952), in pools under alder, willow and
dogwood (Jenkins and Knight, 1952), in ditches at the borders of lakes
in Scandinavia (Matvig, 1948) and in open, grassy habitats (Happold,
1965a). Although Aedes cinereus adults generally remained in the
forests or in shaded valleys, they were commonly found in the
transition area between forest and tundra. There was only one
generation a year.

Aedes communis (de Geer) - This species has an exceptionally wide

geographic distribution throughout North America, Lurope and Asia. In



- 118 -

the study area it was not encountered ¢on the prairie, it was rare in
the aspen parklands, but extremely abundant in forested reoions. In
the study area, Tarvae were found abundantly 1in cliear, mossy pools
shaded by spruce trees, and occasionally in grass or sedoe habitats
overhung by willows. The inmature forms tolerated a wide range of
ph (4.3 to 7.5) of water in the breeding vools. This was an earlyv
species with only one generation a year. Larvas appeared soon after
the snow began to melt and adults emeraad before the end of May. In
Prince Albert National Park it formed over 30% of the mosquito
population in 1974 and 1975.

Aedes diantaeus Howard, Dyar and Knab - This was an extremely
rare species in the study area. A few larvae were found in a forest
pool at MacDowall, Saskatchewan in 1975. Hapneld (1965a) recorded
this species from northeastern Alberta in 1962 in sedge and semi-
permanent habitats. According to Rempel (1953), only one other adult
has been collected in Saskatchewan, at Waskesiu, May 18, 1929. This
appears to be an early species with only one ageneration a year.

Aedes dorsalis Meigen - In the study area, this was a common
grassland mosquite. The larvae were found in a variety of temporary
pocls where the water was guite alkaline (poH 7.3 to 8.4). Adults
were taken from early summer till the end of Auqust. Generation
followed generation all summer, sometimes as close as two weeks apart,
depending on weather conditions. This species was not recorded in the

study area north of MacDowall, Saskatchewan.
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Acdes cudes Howard, Dvar and Knab - As a member of the Aedes
stimubans group of mosquitoes (Table 4.4), this species exhibited ths
same habitat preference and seasonal history as A, #{ifehil and
A. excrucians. It had a widespread distribution in the southern
boreal forest but its range did not extend as far north as
A. excrucdans.

The Tarvae seemed to prefer the relatively open, semi-
permanent pools at the edges of asnen oroves, but it was also found in
spruce pools, in association with A. communis. There was only one
generation.

Aedes excrucdans (Walker) - This species has an extremely wide
distribution. In North America it is found in the northern States
and generalily throughout most of Canada (Carnenter and LaCasse, 1955).
In the study area its distribution extended from the arasslands
through the aspen grove and forested region into the tundra.

The Tlarvae were frequently collected in small woodland pools
in late May. Happold (1965a) recordsd this snecies from shaded regions
of sedge, grass, and forest pools. Rempel (1953) also recorded this
species in shaded areas. 1In 1975, however, this species was observed
breeding in extremely exposed tundra pools at Ennadai Lake, N.M.T..
These pools were invariably on the southern slopes of eskers, with
sandy-or gravelled bottoms. Temperatures in these nools often exceaded
25°C in the daytime. Natvig {1948) has also found this species in open

habitats in Scandinavia. There was only one generation. In early
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summer this species, together with A. eudes and A. fitehid, were often
the main species encountered in aspen-arove or mixed-wood forest
situations. In June and July, these sopecies formed 45-50% of the
mosquitoes in the aspen forest.

Aedes fitchii (Felt and Young) - Like Aedes exchrucdans, this
species was found in the more open areas of the aspen forest early in
the summer, where it was ona of the most abundant species. It was also
fairly common in the coniferous Forestedlareas, but was not found as
far north as Aedes excrucians,

Aedes {Ltehii preferred woodland pools for breeding although
they have been reported developing in a wide variely of habitats,
including temporary pools in railway ditches or in the open surrounded
by shrubbery (McLintock, 1944), In the study area, larvae were found
mainly in wooded swamps and in open snphagnum bogs. There was only one
generation.

Aedes flavescens Mulier - This was an abundant species on the
opan prairie but has also been recorded from northerly Tocations, such
as Churchill, Manitoba and Wollaston Lake, Saskatchewan. Its
distribution on the prairies is not consistent, being closely
associated with level and poorly drained land covered by extensive
areas of sedge and slough grass. McLintock (1944) for example, found
this species to be of little importance in the Winnipeg area, and
Shemanchuk (1959} recorded similar results from southern Alberta.

Larvae were found in early June in semi-permanent water.
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Like Rempel (1953), the writer collected the larvae consistently in
small sloughs overgrown with sedge (Carex spp.), rushes (Scirpus sop.)
and slough grass (Beckmwuiia spp.) in water which was stagnant,
organically rich and alkaline (nH £.7-8.0). At Wollaston Lake,
Saskatchewan, the larvae were found in a semi-parmanent marshy area,
overgrown with sedge. There was only one generation a year; the
females survived until late in the season.

Aedes hexodontus Dyar - This was primarily a species of the arctic
tundra, but its range apparently may extend southward in the high
mountains where its immature stages are found in alpine meadows
(Vockeroth, 1954a). The extent of the range of this snecies is not
known at this time, since it has been confused with Aedes punrcton.

The two species are distinquishable only in the larval form.

The larvae of Aedes hexodonfus were found in various types
of small pools on the tundra, usually the temporary type caused by
melting snow. At Rankin Inlet, it was also found in rock nools 1ined
with lichens and mosses. This species appeared to be very abundant
at the treeline, and was less abundant in the rest of the tundra
locations.

Aedes impiger (Malker) - This was chiefly an Arctic species,
although it occurred locally far south of the treeline. Rempel (1953)
recorded it from Waskesju, Saskatchewan, and its range is known to
extend southward to Utah and Colorado where it is found in alpine

meadows of mountains (Carpenter and lLaCasse, 1955). Farther north,



Aedes impigen was almost reolaced by Aedes nigripes, although Aedes
impigexn apparently occurs throughout the arctic. In 1951 adult
females were collected at Alert, Ellesmere Island {82° 30'N); this
is the most northerly record for any snecies of mosauito (Vockeroth,
1954a).

The larvae of Aedes {mnigen were found in clear nools of
water formed by melting snow and bog-tyne poals but were found on a
few occasions in rock pools containing vegetation. Like all arctic
mosquitoes, there was only one generation a year.

Aedes implicatus Vockeroth - This species has a boreal
distribution; it occurs in the forested reqions of Canada and the
northern United States. It does not extend naorth to the treeline,
and it is seldom abundant. In the study area, a larae series of
larval specimens were reared at MacDowall, Saskatchewan, and larvae
were also collected at Saskatoon, Saskatchewan. This was an early
species but was also short-lived. Larvae were found in semi-permanent
grass habitats at the edae of mixed-wood tree stands.

Aedes nighipes (Zetterstedt) -~ This species was restricted to the
arctic region, where it was the most abundant mosquito. The northern
limit of jts distribution is not known, although it probably occurs
farther north than present distribution records indicate, (0liver et. al.,
1964}, The southern 1imit of its range in the mountainous areas of

western North America is unknown.

In the study area, the larvae of Aedes nigripes develoned in
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early spring pools formed from melting snow and ice. The larvae were
found primarily in shallow, exposed snow water pools. Occasionally,
larvae were taken from more permanent marshy areas dominated by
sedaes or grasses. As with most arctic mosquito smecies, adult
emergence occurred with a heavy burst around the middle to the end of
June and was largely completed durina the first week of July. There
was then a marked decline in abundance of adults after mid-July,
usually initiated by extremes in temnerature or a heavy rainfall.

Aedes nigrnemacufis (Ludlow) - This soecies was found in the
grassland areas. MNo larvae were found and only a few adults were
collected at Weyburn, Saskatchewan in 1874 and 1975. According to
Rempel (1953} and McLintock (1969) this svecies is common in southern
Saskatchewan. The reason for the low incidence in this area since 1969
is not known.

McLintock (1944} states that this species breeds in shallow
pasture depressions and weedy ditches. Thers may be a second
generation in a summer.

Aedes plondips Oyar - In the study area this species was rare in
the aspen parkland, but common in the coniferous forest region from
MacDowall-Prince Albert north. It did not occur at the treeline.

This was one of the later developing species and was maore
restricted in its breeding places. The larvae were only found in cold,
¢lear pools in small depressions at the bases of spruce trees. The

emergent vegetation, if any, was usually mosses. A locse, mucky



bettom of black humus and wood annzared to be characteristic. The
pools were always shallow, usually small, and of a semi-permanent
nature, There was only one oceneration.

Aedes punctor (Kirby) - Aedes punctor occurrad throuchout most
of tha forested regions of the study area. Its northward range
extended far into the tundra areca, where it was one of the four most
abundant species.

It bred in a wide variesty of habitats; larvas were found

abundantly in semi-permanent, open grass and sedge marshes and also
in wooded pools. On the tundra it was also found in rock pools with
1ittle or no accompanying vegetation. The species showed less
tolerance for a wide range of pH {£.5-5.9) than other commuindis group
species. The adults emerged in late May and in 1974 formed
approximately 3% of the total population in the aspen-forest, 9% in the
mixed-wood forest and 70% in the northern coniferous-northuestern
transition forest. Together with Acdes hexedontus, it formed 35-60% of
the mosquito nopulation in tundra areas.

Aedes rempelfi Vockeroth - Most authors consider this to be the
rarest of all the Canadian species of Aedes. There are only five
known distribution records, Great Whale River, Quebec; Padlei, N.W.T.;
Ennadai Lake, N.W.T.; Baker Lake, N.W.T.; and Rankin Inlet, N.W.T..
The larvae were almost exclusively found in small, unshaded rock-crevice
pools underlain with permafrost (average water temperature 4,3°C).
These rock pools were formed by frost-initiated, macro-riving of

exposed bedrock and appeared common near the treeline. Brust
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hvpothesized that this species would be more commen in areas where
there are more extensive macro-riven formations. Studies at

Ennadai Lake, N.Y.T. revealed this to be true. Aedes rempefl larvae
were common in rock-crevice nools wherever they occurred in the
Ennadai Lake area. They formed 9% of the total larval nopulation.

Aedes nipanius Dyar and Knab - This was another rare species in
the study area; one adult was taken at MacDowall in 1974 and one
Tarvae was collected at Moose Mountain, in southern Saskatchewan in
1975, This species is primarily found in the southern part of the
boreal forest and in the aspen grove region, Rempel (1953) reported
it in abundance at lLac La Ronge and Happold (1965a) reparted that it
formed 8-10% of the total moscuito popuTation in the aspen forest of
northeastern Alberta. The larvae was found in a semi-permanent grass
habitat in the neighborhood of an asozn moplar stand.

Aedes spencenili (Theobald) - This was one of the early spring
mosquitoes in the southern orassland area. It's range extends in
steadily decreasing numbers north through the aspen arove area and
into the boreal forest; it has been recorded as far north as Churchiil,
Manitoba. (Rempel (1953) considered this to be the earliest, most
widespread and most abundant species on the prairies. In 1974 and 1975
this species was common in the grassland areas but it was nat as
abundant as A, vexans, A. flavescens, A, campestrnis, A, dornsaldis,

C. darnsalis or C, Lnohnata,

The larvae were found in temporary exposed pools left by
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the melting snow, the water being as cold as 12°C. Larvae were common
during the latter part of April or May and by the middie and end of
May, adults were present in sufficient numbers to constitute a
problem. In the Weyburn area a szcond brood was observed in late

July 1974, due to heavy rainfall submerging additional numbers of
eqgas.

Aedes sticticus (Meigen) - This was another rare species in the
study area, although it dees anparently have a wide distribution in
the United States, scuthern Canada, Siberia and northern Europe
(Rempel, 1953). 1In 1974, adult females were caught in heavy spruce
stands at Prince Albert National Park and Wollaston Lake, Saskatchewan.
None were caught in 1975, Happold (1965a) recordad this snecies as
larvae from semi-permanent, sedoe and forest habitats.

Aedes stimulans (Halker) - This soecies has a wide distribution
in the northern United States and Canada. According to Matheson (1944)
it is the most abundant and annoying woodland species in the north-
eastern States. In the study area it was rare and localized. Single
females were captured at Weyburn, Saskatoon and MacDowall in 1974;
only one was caught in 1975, at Saskatoon. The bionomics of this
species closely resembles that of Aedes {itchid.

Aedes triserintus (Say) - Only two females of this species were
caught in the study area, both at Yollaston Lake in 1974. According
to Carpenter and LaCasse {1955) this species is the most abundant of

the tree-hole breeders in Horth America and is found throuchout the
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deciduous forests and across the areat nlains in the north, In 1943,
J.h. Rempel collected a female specimen in a wooded vallev eicht miles
northwest of Regina, Saskatchewan. The Tarvae are found in the water
of tree holes of a long series of deciduous trees. They have also
been found in the pitcher nlant and artificial containers. It is not
known where the breeding habitat would be at Wollaston Lake, since

the area is largely covered by black spruce forest,

Aedes vexans (Meigen) - This is usually one of the most abundant
and widespread shecizs in the prairie area {Remnel, 1953; Mclintock
et. al., 1966). In the study area, the species was found in three
main zones, the grassiand, the aspen narkland, and the mixed-wood
forest. Rempel (1953} considared this species to have two forms in
this area; a small northern one found in the aspen grove and mixed-wood
forest regions which is on the wing from mid Junz to early July, and a
larger prairie form which is common during Tate July and Aucust. The
latter may have a second generation in early Sentember,

The larvae were found in exposed, semi-permanent grass
habitats although more permanent marshy areas were also a favorite
habitat. They were one of the last Aedes species to emerge; adult
females were not encountered until the end of June at MachDowall, and
did not reach any significant level of abundance at Yevburn until
mid-July. In 1974 and 1975, cool temneratures throughout the study
area tended to retard the development of this species. It never

reached its usual abundance level in either year, nor were there more
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than two generations.

Anophefes eanlfed VYargas - In the study area this species was
encountered on the open prairie, in the aspen aqrove reqion and in the
northern wooded areas as far north as Prince Albert Hational Park and
La Ronge.

This species overwinters as the adult female in sheltered
places like buildings or rodent burrows. Larvas were generally found
in more permanent habitats such as the edeoes of Takes and slow-moving
streams or permanent marshy areas. There may be several generations
in a year, although 1974 and 1975 were generally too cold to permit
rapid developmant of larvae.

Culex nestuans Theobald - This spacies was extremely rare in the
study area with enly one female caught at YWeyburn, Saskatchewan in
1974. The larvae are said to prefer small dirty peols and artificial
containers. In Manitoba, where this species is more common, rain
water barrels appear to be a favorite breeding nlace {McLintock, 1944).
The adult hibernates; there may be more than one generation in a year.

Culex tansalis Coquillett - This species is very common on the
prairies of the western, central and southern United States. Its range
also extends south to Mexico (Carpenter and LaCasse, 1955). In the
study area, Cufex tansafis reached significant levels of abundance only
in southern Saskatchewan, its northern 1imits located at Saskatoon.

The larvae were found in clear or foul water in a variety of

habitats including ditches, irrigation run-off systems, ground paols,



marshes, pools in slow-moving streams, rain-water barrels, and hoof-
prints, Foul water in cattle hoof-prints were a favorite habitat.
Larval production commenced in early surmer and continued until fall,
with several generations teina produced, although few 1in comparison to
other years. The maximum adult nopulation in the study area was
reached in mid-August.

Culiseta alashaensis Ludlow - Rare in the study area, this large
species of mosquito has a wide distribution throughout the boreal
forest or taiga region of Eurome and &4sia. It is common in Alaska
(Frohne, 1954). Adult females were collected from Prince Albert
National Park, Wollaston Lake and Stonv Rapids, Saskatchewan.

Females overwintar (Frohne, 1954} and are flying by mid-May. HNo
larvae were found in the course of this investigation, although they
have been found in open, semi-pzymanent or permanent sedge marshes
{Rempei, 1953; Carpenter and LaCasse, 1955}.

Culiseta impatiens {Walker} - This species does not seem to have
a very wide distribution in the study area, althouah it is supposedly
widespread in the coniferous forest areas of northern North America
(Matheson, 1944), Rempal recorded the species from taskesiu in late
May, but did not find larvae. In 1874, 88 adult females were
collected at Wollaston Lake. The larvae are said to nrefer shaded,
permanent forest pools but Happold (1965a) found twelve larvae in oben
grass marsh.

Culisetn incddens (Thomson} - This was another rare snecies in the
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study area. In 1974, 14 adult females were collected early in the
season at Wollaston Lake, Saskatchewan. The larvae breed in sedge and
arass marshes and there may be several generations (Hanpold, 1965a).
The adult female hibernates (Frohne, 1954),

Culisetn inoanata (Williston) - In 1974 and 1975 Culiseta inomata
was the most abundant speciss in the grassland reaion and was the
fourth most abundant species in the entire study area. This snecies is
found throughout the United States and is common on the prairies of
Manitoba, Saskatchewan and Alberta {Shemanchuk, 1959). Its most
northerly distribution in the study area was Prince Albert National
Park.

The specizs overwintered as females, usually in the basements
of abandoned buildings and rodent burrows. The larvae of the first
generation appeared early in the season and were found in ground nools,
ditches, culverts and marshy areas, often overgrown with bullrush,
slough grass, szdge or wild barlev. Polluted or brackish water (pH
6.0-8.3) was preferred. There may be several generations in a vear,
as was the case in the study area in 1974 and 1975. Both larvae and
adults developed quickly and were more active durinn cooler weather.
Often, adults of Culiseta {nomnata were the only insects flyina on cold
nights.

Culiseta sylvestrnis minnescfae Barr - Only one female specimen of
this species was obtained in 1974 or 1975, at Saskatoon, Saskatchewan.

C. minnesotaz was reported by McLintock and Rempel {1963) as one of
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19 species of mosquitoes taken in Saskatchewan in the summer of 1962,
Males or females of C. sylvestris minnesoiae have been taken in light
traps in Saskatchewan each year since 1962 and an occasional female
has been taken in a ramp tran (Gilles, 1969) at Saskatoon and by
aspirator from resting sites, in several other localities. Although
not numerous, this species appears to be widely distributed in
southern Saskatchewan having been taken in 13 localities from Estevan
(Lat. 49°04'N) in southeastern Saskatchewan, northwest to Paynion
(Lat. 53°01'N). According to McLintock (197G), the earliest females
were taken on May 26 (Saskatoon, 1966) and the latest females on
Sentember 27 (Malfort, 1963: Saskatoon, 1970; Outlook, 1971).
According to Mebintock (1976) C. 4. minnesotae veaches its greatest
abundance in Saskatchewan late in the season. These collection
dates are consistent with the occurence of a species that overwinters
as adult females and emerges in late May or early June to nroduce the
first generation of the current season early in July, The species was
unknown when Rempel {1953) made his study of Saskatchewan mosquitoes
s0 it is unlikely that some of the Cuf.iseta mornsifans seen by him were
actually C. 5. minnesctae. The larvae of this species have not yet
been found in Saskatchewan.

Culiseta morsitans (Theobald) - Four adult females were caught
at Saskatoon, Saskatchewan in 1974, and distribution of this snecies is
largely restricted to the grassland areas. Occasional specimens have

been recorded in aspen grove or mixed-wood forest areas (McLintock,
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unpubl.). The larvae breed predominantly in habitats containing sedoes
(Rempetl, 1953; Happold, 1965). In Europe, C. mersitans overwinters as
a full-grown larva undery ice.

Mansonda pertunbans (Halker) - This species was not common in the
study area, although it consistently showed up in many localities. In
1974 and 1975, females of this species were caught in four localities,
from Weyburn through te Prince Albert Mational Park,

The larvae of this species were difficult to collect as
they quickly drooped to the bottom of a pool whenever they were
disturbed. The larvae and pupae are known to attach themselves to the
submerged stems of plants where thev remain throuahout development
(Rempel, 1953). The winter is passed as immature or mature larvas.
The adults emerged in late spring or summer, with only one generation

a year.
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Description of larval habitats encountered in the study area.

(1) Semi-pewmancnt snoumeld pools
(a) Open grass on sedge peefs. These were usually medium-
sized pools about 20-40 cm deep with a bottom of muck, grasses, and
sedges, and long grass, sedges or willow around the margins. Common

grass species included marsh reed grass, Calanaghostis canadensis

(Michx.) Beauv.; fowl manna grass, Gfycerda stniata (Lam.) Hitchc.;
or slough grass, Bechmannia syzigachne (Steud.) Fern.. Sedge species
included Carex kostrata Stokes in sauthern areas ancd Carex supina
(Wil1d.) Wahl. var. spaniccarpa (Steud.) Baivin in northern areas.

In more northerly tundra areas, substrate vegetation included various
mosses, usually Drepanccladus spp.

In early spring there was usually no emergent vegetation in
these pools except for clumps of dead vegetation but, by Tate May or
early June the grass or sedges were over 1 m tall and 1ittle of the
water surface was visible. This rendered the habitat unsuitable for
many mosquito species.

(b) Wooded pocks. The wooded habitats varied from the type
partially shaded by willows or aspen trees to the type found in the
totally shaded spruce forest. Most forest habitats had practically no

vegetation growing in the water. The water was clear, but leaves in

all stages of decay covered the surface. In the mixed-wood or aspen
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forest, willow, birch or aspen trees formed a canopy over the water
although diffused sunlight filtered through. Surrounding vegetation
vias extremely abundant including prickly rose, Rosa acdcufarnds Lindl.;
Tow-bush cranberry, V.ibuwrnum edufe (Michx.) Raf.; red osier dogwood,
Connus stclondfena Michx.; bunchberry, Cornus canadensis L.; wild
strawberry, Fragandia glavca {S. Yats.) Rydb.; horsefai]s, Equdisediun
spp.; twinflower, Linnaea borealis L. var. amerdcana {Forbes) Rehder;
wild sarsaparilia, Aralia mudicaufis L.; goldenrod, Selidage canadensis
L. var. salebrosa (Piper); and fireweed, Cpifobium angustifoliuwn L.

The vegetation accompanying pools in the spruce forest was less
diverse than in the southern forests. Mosses, Drepancceladus and
Sphagnum spp. predominated but sedges, Carex spp., horsetails,
Equisetum spp., labrador tea, Ledunm decumbens (Ait.) Lodd. and Ledum
groeidandioum Qeder, cottongrass, Erdlopheaum angusfifofium Honck, and
Yichens, Cfadonia and Setrharnia spp., were also present along pool
margins.

(2) Temporarny fLoodwater pools

These were found mainly in the prairie portion of the study
area and included roadside ditches, hoof prints, or vehicle tracks
that were temporarily filled with water after a rainstorm, or by runoff
from rivers and creeks that had temporarily flooded their banks. These
extrémely shallow and very temporary pools often dried up before

mosQuito Jarvae could compiete their development and emerge as adults.
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The vegetation varied with the type of habitat but grasses such as
smooth bromegrass, Bromus inesumds Leyss, red fescue, Festuca rubra L.,
wild barley, Herdeum fubatum L., and crested wheatgrass, Agropyron
ernistatum (L.) Gaertn., were quite common. The roadside habitats
contained many weedy species as well, including dandeilion, Taraxacum
vfficinale Weber, sow thistle, Sonchus oferacews L., hawksbeard,

Crepds tectorum L., lady's-thumb, Polygonum persicarnda L., and curled

dock, Rumex crispus L..
(3) Peowmanent manshy pools
The emergent vegetation was varied but scanty and included:
beaked sedge, Canex rostnata Stokes, rush, Juncus spp., buckbean,
Menyanthes trhifoliate 1., tall cottongrass, Erdiophonum angustifelium
Honch., two species of horsetails, Equdisefum spp., and sometimes a moss
species. Also included in this habitat group were the larger roadside
sloughs fringed with hairy wild rye, ELymus tnnovatus Beal, northern
reed grass, Calamagrostis inexpansa A, Gray, timothy grass, Phleum
pratense L., and bromegrass, Baomus ineamis lLeyss.. Sedges also grew
in the shallower water but the deeper water remained open with
patches of duckweed, Lemna minor L., floating on the surface.
(8) Antificial pooks
Included in this group were all pools found in artificial
containers {rain-barrels, culverts, bridges and old tires) and

extremely specialized larval habitats such as the cavities in tree
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trunks or the pitchers of the pitcher plant, Sarracenia purpurea L..
One habitat type, the roadside culvert, was encountered quite
freguently in the southern part of the study area and figured
significantly in the Tife cycle of one mosquito species, Cufisefa
Anonnata.

The preferred culverts or bridges were large in size (2 m
diameter) with about 20 cm of standing water at the bottom. Larvae of
C. Anornata were in the pools and the adult female mosquitoes were
resting in the cool interiors of the culverts or bridges, near the top.
VYegetation in the pools was scanty but near the mouth of the culverts
or bridges were sedges, Carex spp., cattails, Typha Latifolia L., and
rushes, Scirpus spp., were found. Adjacent to the pools were
representatives of bromegrass, Bromus .nermis Leyss., Canada thistle,
Cinsium arvense (L) Scop., Russian thistle, Safscla pestifer A. Hels.,
dandelion, Taraxacum officinafe Weber, and sweetclover, Mefifofus
offlcinalis (L.) Lam..

In more northerly subarctic and arctic areas, rock pools
must be considered. Rock pools have been described in detail by Smith
and Brust (1970).

{5) Rock pools

Located in tundra areas, these were of two types. The first

were rock crevice pools located in a boulder terrain several hundred

m? in size. Extensive, deep, macro-riving of the exposed bedrock by
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frost action has produced a series of large rock pools which interrupt
the vegetation cover at irregular intervals. Crevices between the
heaved bedrock reached depths of 1 m or more and much of the frost
heaved zone lay below the surface level of the surrounding terrain.
During winter, these crevice pools become completely filled with snow
which melts to produce semi-permanent pools of water of varying sizes,
shapes, depths and exposures. The second type of rock pool is formed
when melting snow collects in the depressions of high-lying bedrock
cutcrops.

Some pools had marginal vegetation consisting of Safix spp.,
Betule glandulfosa Michx., Ledum decumbens {Ait.) Lodd., and Empetwm
nigaum L.. Much of this vegetation js submersed in June immediately

after snowmelt. An alca encrusts rock surfaces in many nools.
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