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ABSTRACT

Records of the seasonal succession and seasonal range of
several species of adult female mammalophilic Simuliidae of insular
Newfoundland are presented.

Collections of mammalophilic Simuliidae on colored-shaped
two-dimensional silhouettes indicated that various species orient and
land on certain 'preferred' radiation compositions. The Prosimulium
miztun complex and Cnephia mutata were attracted consistently to

black si ; the Simuli complex were attracted to

silhouettes composed of 'blue' radiations while Simulium vittatum

were orienting and landing on both red and black silhouettes. Black,
'blue’ and red radiation compositions per ordinem were most attractive
while yellow was the least attractive for all species, which indicated
that radiation compositions reflecting the least amount of light were

the most attractive, but, depending on the species composition of the

simuliid population, this generalization tended to become obscure.
Responses of simuliiids to simple geometric shapes indicated

individual contours were equally attractive while the various 'points

% of convergence' of the silhouette shapes attracted large numbers.
Collections of flies orienting upwind to CO, obtained from a

'grid' of silhouettes indicated a decrease in the number of flies toward

the row of silhouettes located downwind from the CO2 point of emission.

Depending on the individual silhouette 'colors' the flies were orienting

to the C0, from as much as ten meters downwind.
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Simuliids landed on black, disc-shaped silhouettes of dif-
ferent areas in proportion to the surface area exposed.

The responses of Simuliidae to 'attractive' and 'non-
attractive' silhouettes and controlled release of gaseous C02 ind-
icated a marked ability of simuliids to visually discriminate the

targets largely on the basis of their individual radiation compositions

and i of the ation of CO2 or olfactory mechanisms.
Discrimination coefficients indicated that distances approximating
four meters downwind from the C()2 source would appear to be a limiting
distance for the simuliids' effective use of vision.

Long-range, medium-range and near-orientation mechanisms
are presented for the Simuliidae in terms of the sensory make-up

through which they are mediated.
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Perhaps the most valuable result
of all education is the ability
to make yourself do the thing
you have to do, when it ought to
be done, whether you Tike it or
not; it is the first lesson that
ought to be learned; and however
early a man's trammg begins, it
is probably the last Tesson that
he Tlearns thoroughly.

Thomas Henry Huxley
Technical Education [1877]
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INTRODUCTION

The importance of haematophagous Diptera in medical and
veterinary entomology has been clearly defined since Ross (Russell et
al., 1963) in 1898 demonstrated the role of mosquitoes in the trans-
mission of Plasmodium spp. Since that time, a considerable volume of
Titerature has been developed relating the activity of biting flies to
transmission of disease. Clearly, the medical importance of biting
Diptera as vectors of disease is most pronounced in the tropical and
sub-tropical areas, declining in importance as one approaches the
temperate zones. In Canada, there is relatively Tittle human disease
transmission by biting flies, their medical importance lying primarily
in the mechanical effects attendant on their mode of feeding (Davies
and Peterson, 1956; Davies et al., 1962; Fredeen, 1969). The Simuliidae
of Canada are of particular importance in this field, and through the
sheer density of the populations in the short northern summer, present
a serious obstacle to the development of Canada's northlands. In
addition to this activity, simuliids in Canada are vectors of disease
of wildlife (Shewell, 1955; Anderson, 1956, 1961; Anderson et al., 1962;
Fallis and Bennett, 1966; Khan and Fallis, 1968), the importance of
which cannot as yet be accurately assessed.

Although the medical importance of biting flies is fairly
well known, the factors governing the biting activity and feeding
behavior are best known for the Culicidae but much less understood for
the Simuliidae. It has been assumed in the past that responses of the

Simuliidae are similar to those of the Culicidae, but there has been
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Tittle experimental verification. The reasons for this are simple:
Adult simuliids are exophagous and practical breeding in the laboratory
is still an elusive goal. Consequently, simuliids must be studied in
the field in situations where all the standard parameters vary con-
tinuously. Only recently have studies investigated the host-finding
and attacking program of simuliids in the field (Smith, 1966; Golini,
1970).

The total feeding behavior of simuliids has been divided
(Smith, 1966) and subdivided (Golini, 1970) into successive stages of
behavior patterns, operative when seeking a host. The nature of this

theoretical hierarchy is summarized as follows:

PHASE I. Appetitive Behavior
Stage 1. Habitat selection
Stage 2. Upwind orientation
Stage 3. Near orientation
Stage 4. Landing behavior
Stage 5. Crawling and burrowing
PHASE II. Consummatory Reaction
Stage 6. Probing and feeding
PHASE III. Cessation of Feeding
PHASE 1IV. Physiological State of Rest

The descriptions and discussion of experiments conducted
under the present study will consider the first four hierarchal stages
involved in Phase I above. It is assumed here that stages 1 and 2 are

operative and factors influencing the successive two stages viz. 3 and



4 are investigated. Since stage 4 is mediated by visual stimuli and
acknowledged by Smith (1966) as the termination of the 'in-flight'
orientation, the landing behavior is considered here as the final

behavioral element contingent on near orientation.



HISTORICAL SUMMARY

Literature pertaining to the activity of haematophagous
Diptera, their relationship to vector-borne disease and predominant
role as nuisance arthropods of both man and animal alike, are voluminous.
Dating back to his explorations in Canada, 1599-1613, Samuel de
Champlain's accounts probably represent one of the earliest reports of
mosquitoes attacking man in North America which, incidentally, may have
included black-flies (initially, Simuliidae were not differentiated
from Culicidae, Davies et aZ., 1962). Pioneers in Canada endured
similar hardships during the ensuing years. By the early nineteen-
fifties, a great deal of information had been published on the use of
repellants against biting and especially disease-transmitting insects
(Hocking, 1952). However, there was little understanding of the factors
which attract these insects to their host and those which stimulate
them to feed.

Following World War 11 and the experience gained therein on the
importance of controlling vectors of insect-borne diseases, interest and
research on these factors proliferated enormously. Much of the study
was directed toward tropical insect-borne disease and concentrated
largely on factors influencing mosquitoes. This vast Titerature
collection of the past 25 years has thus ignored the Simuliidae in the
main. The following historical account of the development of concepts
Teading to an explanation of the hierarchy of host-seeking-feeding
behaviour is perforce, largely drawn from the work on the Culicidae.

The feeding behaviour of the Simuliidae has, in the past, been inter-

preted on the basis of these data where specific evidence for the



Simuliidae is lacking. For easier comprehension, various factors
involved in the host-seeking-feeding hiérarchy of responses are treated

separately.

I. OLFACTORY
i.) Carbon dioxide

Carbon dioxide was first reported by Rudolfs (1922) to be a
mosquito activator and has been considered ever since to be one of a
complex of factors attracting these insects to man, as well as an all-
purpose, non-specific stimulant for many kinds of arthropods. It has
been referred to as one of the most controversial elements in the whole
history of host attractancy (Hocking, 1971). Some authors have con-
cluded that it attracts while others have surmised repelling properties
that appear inherent with the chemical. In most cases where carbon
dioxide has been ultimately described as a repellant, it is probable
that methods employed to release the gas were, initially, not carefully
considered. For instance, COZ in the form of dry-ice may, in fact,
cause chilling or subsequent anaesthesia of the insects coming in con-
tact with it (Hocking, 1971). Other experiments have utilized the gas
in various sized cages, and in such confined spaces there may be an
accumulation of gas that could affect the caged insects in ways dif-
fering from those under field conditions. Thus, experiments using
these and similar techniques may be suspect.

Dalmat (1950) treated simuliids with C0, gas prior to their
feeding on a host, and successfully induced them to oviposit in
captivity. Reeves (1951) was able to enhance collections of mosquitoes

in his stable traps with the addition of COZ. and suggested a direct



Intefrelationship with a mosquito's host seeking behaviour (Reeves,
1953). Important empirical data contributed by Brown (1951a, 1951b,
1952), Thompson and Brown (1955) presented further evidence of female
mosquito chemotropisms and the attractiveness of vapours of 002.
Through morphological studies on types of chemo-receptors on the
antennae of Aedes aegypti mosquitoes, Willis and Roth (1952) noted
their attractiveness to several streams of air and CO, mixtures. Van
Thiel and Laarman (1954) and Laarman (1958) found that C0, was a very
strong attractive stimulus but that it formed part of a complex with
other chemical 'odours' emitted by the host. Again, Laarman (1955)
concluded that the essential role of CO, in orientation of Anopheles
maculipennis atroparvus was that of an activating stimulus. By remov-
ing dissolved COz from beef blood with BaClz, Burgess and Brown (1957)
could dissipate its attractiveness to 4. aegypti but that upon passage
of C0, over this blood its attractiveness was restored. Associating
wind orientation and a mosquito's position in space with that of
Johnston's Organ, Bassler (1958) maintained that near-orientation to
a manikin was affected through CO2 stimulation even with this organ
removed. Upon viewing the probing behaviour of 4. aegypti, Burgess
(1959) found that the mosquito response depended either on the presence
of a host or upon an increase in the amount of artificial C02 released
in the vicinity. Further studies have shown conclusively that certain
stimuli such as warm, moist air currents and COZ are necessary for
mosquitoes to locate a host (Kellogg and Wright, 1962a, 1962b; Wright,
1962; Wright and Kellogg, 1962a, 1962b).

In search of 'other factors' besides C0, in the attraction of



mosquitoes to a host, Lipsitz and Brown (1964) tested 26 amino acids
and found lysine was the most attractive amino acid in human blood but
that the degree of mosquito receptivity was directly proportional to
the amount of uncombined CO, it adsorbed. Wright et al. (1964 (1965))
calculated a mean biting rate for 4. aegypti based on the number of
each type of setae described on the antennae by Steward and Atwood
(1963) and suggested the A2 and A3 types facilitated host finding
mediating stimuli such as water vapor and temperature while type Al
setae were probably C0, sensors.

Upon activation with the prevailing concentration of CO2 in
the upwind search for a host, mosquitoes use other clues to orient to
their target, of which convection currents from the body of the host
and visual stimuli are the most important. Daykin et aZ., (1965)
pointed out that if the mosquito fails to detect these host emanations
and if the degree of COZ in the area is maintained, rest behavior is
initiated, presumably due to an adaptation to the new concentration of
COZ' Experimenting on this idea, Simpson and Wright (1967) exploited
the Tikelihood of adapting mosquitoes to low concentrations of some
chemical other than COZ so that their ability to seek out a host would
be impaired. Studies by Khan et aZ., (1966) seem to suggest that heat
and (:Ci2 are important stimuli used by a mosquito to approach a host in
close proximity but that at greater distances odor or a hierarchy of
attractant extrudations are utilized. Using a modified New Jersey light
trap Snoddy and Hays (1966) successfully trapped Simuliidae with the
use of pressurized CO2 released at a rate of one pound per hour.

This rate, which he used in further studies, resulted in optimum



collections of blackflies. Smith (1966) investigated the ability of
Simuliidae to Tocate and discriminate betweeen two sources of €0,
differing only in their emission concentration levels. His thesis
presents a hierarchy of responses for this group of flies predicated
on the feeding behavior based on similar pathways previously defined
for the Culicidae.

A trap used in population studies of biting flies by Whitsel
and Schoeppner (1965) consisted of a piece of stove pipe with a sheet
of Kraft paper covered with Tanglefoot wrapped around the cylinder.
Attractors to produce C0, were set inside the piping. Adhesive, sticky
surfaces, such as these, have Tong been used to collect many kinds of
insects in general, while other traps, especially those designed for
the purpose of monitoring haematophagous population densities, have
utilized CO, to enhance collections (Nelson, 1965; Collins, 1966;
Thompson, 1967; Gillies and Snow, 1967; Wilson, 1968; Schreck et al.,
1970). Fallis et al.,(1967) used co, in combination with fan traps,
"sticky manikins", and "sticky" flesh-coloured paper cylinders and
were successful in capturing large numbers of black-flies, but without
the COZ few were taken. They suggested that CDZ and vision were
especially significant in the orientation and landing of Simuliuwm
venustum. Working with the Simuliidae as well, Golini (1970) was able
to show various degrees of attraction for certain species to C0, with
and without a silhouette.

Wright (1968) discussed the normal attack program of a
mosquito and suggested that the main guideposts required 'and possibly

the only' are COZ’ moisture and warmth. Initially, the author and his



colleagues felt that these insects must have to "smell" quite complex
products of a host's metabolism. Mayer and James (1970) suggested that
L‘OZ exerts its prime effect within the mosquito's nervous system.
Kashin (1969) presupposed this neurophysiological basis for €0, and
advanced an hypothesis to this effect. His theory presents, probably,
the first complete explanation of the somewhat anomolous reports on
the interactions of (:02 as an irritant to mosquitoes, as Willis and
Roth (1952) observed. Carbon dioxide when combined with a heated
dummy increased its attractiveness (Brown, 1951a) and €0, was thought
to be 'intrinsically' more attractive (Willis and Roth, 1952) than heat
alone when supplied to the dummy.

Essentially there is confirming evidence that (:02 is used
by mosquitoes to facilitate orientation, distant or medium range, to
the host (Gillis and Wilkes, 1969, 1970; Snow, 1970) and that, in gen-
eral, CO2 is an activator for these and othei biting flies (Gouck and
Gilbert, 1962; Mayor and James, 1969; Snow et al., 1968 ; Acree et al.,
1968; Miiller, 1968; Daykin, 1967; Khan et al., 1966, 1967; Khan and
Maibach, 1966; Smith et aZ., 1970). In addition to behavioral evidence
of €0, stimulation, physiological studies have located CO, receptors
for several species of biting Diptera (Roth, 1951; Willis and Roth,
1952; Rahm, 1958a; Bidssler, 1958; Clements, 1963; Kellogg, 1970; Omer
and Gillies, 1971; McIver and Charlton, 1970).

ii.) Smell (chemical host emanations other than C0,)
In increasing order of importance, moisture, warmth and (:(‘J2
are basic elements involved in the attraction of mosquitoes to a host

(Brown, 1966), and amino acids and estrogens comprise a group of



compounds capable of enhancing the basic attractants. It appears that
different host selection by mosquitoes has been determined to a great
extent by the different emissions of amino acids and estrogens of the
hosts' bodies.

Schaerffenberg and Kupka (1951) found mixtures of alanine and
and cystine to be attractive to Culex pipiens, while single compounds
of tyrosine and threonine were attractive to A. aegypti. Brown and
Carmichael (1961) indicated that alanine and arginine were also active.
Lipsitz and Brown (1964) tested 26 amino acids and found that the most
attractive was L-lysine, but that the degree of mosquito receptivity
was directly proportional to the amount of uncombined C02 it adsorbed.
The amino acids apparently act as a vehicle for C02. Additional evid-
ence as to the attractiveness of amino acid compounds was provided by
RoessTler and Brown (1964), who also showed that estrogens were assoc-
iated factors, possibly having an influence in the differential attract-
iveness of men and particularily of women throughout their menstrual
cycle. Steward and Atwood (1963), following extirpation of various
antennal segments of mosquitoes, concluded that type-1 sensillae were
sensitive to human hand emanations. Smith et aZ., (1970) and Acree et
al., {1968) both agreed that L (+)- lactic acid was one of the chemi-
cals that were attractants for 4. aegypti, while Ikeshoji et al.(1963)
and Ikeshoji (1967) found that certain amino acids such as methionine
and its metabolites were significant enhancers in the attractiveness
of Culex pipiens pallens to mice.

For the Simuliidae, Lowther and Wood (1964) speculated that

Simulium euryadminiculum Davies might detect attractant stimuli



emanating from its specific host, the common loon, Gavia immer
Brﬂnnich. in the water of a lacustrine habitat through tarsal chemo-
receptors. Several workers have utilized ether extracts of the uro-
pygial gland of this and other birds to attract ornithophilic simuliids
to a collecting station (Bennett et aZ., 1972; Fallis and Smith, 1965).
Studies on the biting habits of Tabanidae in the British

Cameroons, Duke (1955) observed a unique attraction of Chrysope silacea
to smoke from wood fires prevalent in and around the dwellings of that
area. He postulated that the smoke stimulates the tabanid to search
out a blood meal and is responsible for increasing the liability of
certain individuals (especially natives, whose bodies often emanate

the acrid smell of smoke) to be bitten.

II. HYGROSCOPIC
i.) Moisture (relative humidity; water vapor)

Brown et al., (1951) and Peterson and Brown (1951) showed
the importance of moisture as one of the factors attracting 4. aegypti
to human bodies. Brown (1951a, 1951b) concluded that when ambient
temperatures exceeded 60°F, moisture enhanced the attractiveness of
a warm body and was a major attractant factor at these temperatures.
Laboratory tests performed on female Anopheles mosquitoes by van Thiel
and Laarman (1954) also indicated that warmth and humidity were the
primary attracting factors. Smart and Brown (1956) noted that human
hands with low output of moisture were more attractive to A. aegypti
than those of high moisture output, a phenomenon which Rahm (1956)
tested and found that hands emitted more humidity than arms and were
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far more attractive than arms, but that moistening of an arm increased
its attractiveness. Rahm (1957a, 1957b) and Parker (1952) also con-
sidered mosquito reactions to humidity. Using a dual-port olfactometer,
Skinner et aZ., (1965) showed that air passing over human body sweat
was more attractive than that of a control stream of air and concluded
in agreement with Brown (1951a) that sweat attracts at low vapor con-
centration but repels at a high concentration. Roth and Willis (1952)
studied the reactions of A. aegypti to humidity in an olfactometer and
concluded, after removal of certain segments of the insect's antennae,
that loci of the hygroreceptors was indeed the site of the antennae.
Although their results were difficult to interpret, Frings and Hamrum
(1950) reported that a water-vapor sense did exist in the antennae but
that it was not the sole loci of these receptors. However, Bar-zeev
(1960) and Krafsur (1971) demonstrated various degrees of control
upon the thoracic spiracles of 4. aegypti and A. iriseriatus and noted
that apart from the inherent effect of water balance upon the degree
of control, relative humidity itself exerts a direct, sensory effect
on the thoracic spiracles. Thus spiracular behavior becomes quickly
attenuated in low humidity in comparison with that in high humidities.
Roth (1951) had assigned the role of water vapor detection to the
antennae, as did Ismail (1962), but Kellogg (1970) thought it possible
that another hygro-receptor could be present on another part of the
insect's body and he demonstrated that antennae A3 type sensilla of
A. aegypti responded to water vapor and low relative humidities.

Platt et aZ., (1957) observed that relative humidity, when

compared with vapor pressure and absolute humidity, was a critical



factor. Although visual cues are used by mosquitoes to locate a host,
Wood and Wright (1968) concluded that warmth and moisture remained un-
challenged as factors mainly responsible for 4. aegypti responses to an
inanimate host. Wright (1968) discussed the normal attack program of
a mosquito and suggested that the main guideposts, and probably the only
ones, are carbon dioxide, moisture and warmth. Essentially, though,
most data compiled on the effect of hygroscopic factors are limited to
mosquito attraction involved with near-host orientation (such as warm,
moist convection currents rising from a host's surface), the ambient
€0, Tevel stimulates the insect to fly in search of a host (Khan et at.,
1966; Wright and Kellogg, 1962a; Burgess, 1959). Carbon dioxide, it
seems, synergizes the attraction to submaximal factors associated with
a host and that it exerts an effect on the central nervous system (CNS)
of the mosquito which releases an anemotactic flight directly to the
host (Mayor and James, 1970), and that moisture emanating from the host
also stimulates the fly's central nervous system on near-orientation in
the presence of C0, (Kashin, 1969). Unfortunately, the many types of
olfactometers used in these experiments have caused inconsistencies
which still prevail as to the action and interaction of 002. warmth and
moisture inter alai in mosquito attraction (Mayor and James, 1969).
Since 1948, Brown (1966) and his workers have been determining
the factors attractive to mosquitoes. He states that "... of the air-
borne factors investigated ... moisture proved to be the most powerful
single factor" (p. 249), being most attractive in a hot, dry environment.
There is agreement amongst most workers that while the relative humidity

is below 100%, moist air is attractive to mosquitoes (Brown, 1966).
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For the Simuliidae, Edmund (1952) observed that the number of
black-flies landing and biting was dependent not only on the number of
flies in the "attracted population", but also upon weather conditions.
Calculating landing/attracted and biting/landing ratios, he found the
former was least and the latter greatest when the temperature and rel-
ative humidity favored a large "attracted population". In addition,
the effect of temperature was modified by changes in relative humidity.
Edmund suggested it would be practical to predict black-fly activity on

the b-sis of meteorlogical forecasts.

III. THERMAL
i.) Warmth (temperature gradients)

Brown (1966) considered that warmth was only less important
to moisture in their search for attractive factors in mosquito orient-
ation to hosts and that a combination of warmth and moisture was greatly
attractive. Many other workers concluded similarly (van Thiel and Laar-
man, 1954; Dethier, 1954; Parker, 1952; Rahm, 1957a, 1957b, 1958b; Laar-
man, 1958; Burgess, 1959; Kalmus and Hocking, 1960; Kellogg and Wright,
1962a, 1962b; Wright and Kellogg, 1962a, 1962b; Wright, 1962; Wright et
al., 1964,(1965); Daykin et al., 1965; Khan et al., 1966; Khan and Mai-
bach, 1966; Gilbert et al., 1966). Recently, further experiments on
these factors have invariably shown the specific attraction of these
factors Timited to mosquitoes (Strauss et al., 1968; Wright, 1968; Kashin,
1969), and that warmth plus humidity appear to be the main factors govern-
ing the attraction of mosquito spp. such as 4. aegypti to an inanimate
host, inducing landing behavior (Wood and Wright, 1968).



ii.) Convective and radiant heat

Peterson and Brown (1951) established that the attractiveness
of dry objects upon heating to temperatures not exceeding 110°F. was
due to convective and not radiant heat, and while it appeared that
mosquitoes might be able to respond to radiant heat, the responses were
due primariiy to the convection currents which the warmth and humidity
generated (Wood and Wright, 1968). The directional guidance of mosquito
behavior appears to be provided by the movement of convection currents
from 1iving hosts (Daykin et al., 1965; Laarman, 1958), the responses
to which are mediated by vision or a recognition of a warm, wet air
current (Kellogg and Wright, 1962b; Wright et al., 1964 (1965)). Thus,
in addition to activation by COZ, Tanding of mosquitoes on hosts is
guided mainly by the local changes in temperature, relative humidity
and reinforced by visual patterns (Wright, 1968).

For the Simuliidae, heat appears to have insignificant effects
on the attraction of certain groups or ornithophilic species but may
have similar effects as those for mosquitoes, though less pronounced,
for a mammalophilic simuliid such as S. venustum (Fallis et al., 1967).

Using silhouette traps, basically similar to helio-thermal
traps of the Thorsteinson design for tabanids (Thorsteinson, 1958),
Fredeen (1961) observed that solar heat absorbed by these traps contrib-
uted to their ability to attract black-flies. The responses of tabanids
to radiant energy was, in fact, later alluded to (Bracken et al., 1962).
It is interesting in this respect that Wenk (1962) demonstrated the

importance of warm upward currents for host finding for black-flies.



IV. VISUAL
i. Color

The importance of visual stimuli for the Simuliidae was i11-
ustrated by Davies' (1951, (1960) 1961) observations that S. venustum
landed frequently on colored blue and red-purple cloths that had the
least amount of total reflected 1ight. He also noted that among dark
cloths, those with the highest reflectances in the ultra-violet-blue
region of the spectrum were most attractive, a phenomenon which Davies
and Williams (1957) utilized to enhance simuliid collections in their
ultra-violet traps. Golini (1970) tested the responses of simuliids in
both Canada and Norway and found they were attracted more to a silhoue-
tte with a Tow total reflectance of light than to one with a high value.
Without the use of a C0, stimulant, Fredeen (1961) was able to attract
significant numbers of S. arcticum to his 'cow' silhouettes which he
covered with dark-brown plywood and dark-blue denim cloth. However,
the reverse seems to be the case for ovipositing Simuliidae. More eggs
are deposited on colored sticks with the highest reflected light (such
as that from yellow stakes - Peschken and Thorsteinson, 1965) than on
those with low reflection (black and blue ones), a fact with which
Golini's (1970) data agreed.

Additional color attraction data for black-flies was promul-
gated in Peschken's (1960) thesis. He found that simuliids were attrac-
ted to black, blue and red spheres more so than to yellow and green.
Fedder and Alekseyev (1965) also found black to be the most attractive
for the Simuliidae in the USSR. Bennett et al. (1972) also indicated

the importance of color in the visual attraction and landing responses
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of 5. ewryadminiculum to inanimate silhouettes, a matter which Lowther
and Wood (1964) previously postulated for the same simuliid species.

Evaluating the landing responses of some Canadian mosquitoes
to certain colored fabrics, Brown's (1951a, 1954) findings were essent-
ially the same i.e. attractiveness varied inversely with cloth reflect-
ivity or brightness between 625 and 475 mu wavelength, but that the
textures of the cloths tended to obscure this generalization. DeLong
(1954) considered an increase of mosquito activity to spectral beams
and color filters within the 364-400 mu range. Smart and Brown (1956)
studied the effect of skin hue indicating an increased response of adult
Aedes mosquitoes to Negroes, Oriental and Caucasians, respectively. On
the other hand, Freyvogal (1961) neglected skin temperatures and found
no difference in the responses of 4. aegypti to Africans and Europeans.
Sippel and Brown (1953) rendered objects more attractive by an increase
in black-white interface in a checkerboard pattern, a principle which
Haufe and Burgess (1960) employed in their black and white mosquito traps,
and postulated that this visual pattern was superior to competing pat-
terns in the environment. Using a similar pattern, Harwood (1961)
attracted many kinds of Diptera. It was observed that when a mouse was
exposed in a 10-foot square cage of mosquitoes, the particular visual
factors were no less powerful than the airborne ones (Brown, 1966).
Other studies have shown the importance of color in the guidance of
mosquitoes to a target surface (Kalmus and Hocking, 1960; Kellogg and
Wright, 1962a, 1962b; Wright and Kellogg, 1962a; Christophers, 1960;
Hecht and Hernandez-Corzo, 1963; 0'Gower, 1963; Barr et al.., 1963;
Fedder and Alekseyev, 1965; Snow, 1971; Platt et al., 1957).



L

e

18

Several investigators on tabanid behaviour have conclusively
shown their attraction to black, glossy spheres and other colored ob-
Jects in the field (Bracken et aZ., 1962; Hanec and Bracken, 1962;
Bracken and Thorsteinson, 1965; Thorsteinson et al., 1966; Bracken,
1960). Modifications in the Manitoba Traps as described by Thorstein-
son et al. (1965) were made by Granger (1970) for trapping Salt Marsh
Greenhead Flies and observed that dark-brown and black were most att-
ractive but that black was not as effective as it had been for other
investigators. Other field studies on the Tabanidae revealed that red
and black spheres (balloons) were 45 times more attractive than an
adult human (Snoddy, 1970). It is interesting, and contrary to mosquito
attraction, that Bracken and Thorsteinson (1965) found a drastic reduct-
ion of attractiveness to tabanids if a target was designed with equal

black and white stripes.

ii.) Movement

Investigation on the sensory behavior of black-flies by Pesch-
ken (1960) indicated that movement underneath a modified 'helio-thermal’
trap decreased the number of flies captured. Wenk (1963), however,
found that both mammalophilic and ornithophilic feeding Simuliidae were
attracted to 'projecting parts' of his silhouettes that moved. Again,
suspended blue and white striped lard tins, which moved by action of
the wind on small vanes, rarely caught anything but black-flies (Collins,
1966) .

Bracken (1960) provided evidence that motion increased the

attractiveness of dark-bodied traps to tabanids. Movement associated



with either inanimate or Tiving subjects was found to double their
attractiveness (Sippell and Brown, 1953) while any flicker effect made
an object yet more attractive to 4. aegypti (Brown, 1966). By super-
imposing visible movement on a dry, cool target of certain tonal con-
trast, Wood and Wright (1968) could equal the attractiveness of 4.
aegypti to that of an invisible target dissipating warm and moist

convection currents.

iii.) Form (shape, area and contour)

Simulium darmosum was observed to orient in relation to the
upper-most substrate layer nearest the host rather than at the ground
(Duke and Beesley, 1958). Peschken (1960) and Peschken and Thorstein-
son (1965) found that black-flies were more attracted to solid contoured
silhouettes, such as circles and triangles, than to those with broken
outlines, e.g., X, Y-silhouettes. Silhouette traps of the Fredeen
(1961) design were effective in capturing large numbers of black-flies
which apparently was a direct function of the surface area and size of
opening of these traps, regardless of shape. Interesting in this resp-
ect, Anderson and Defoliart (1961) showed a preference selection for
hosts depending on size. For instance, large mammals were preferred to
smaller by simuliids. Golini (1970) also noted this response. Wenk
(1963) also studied the attack behavior of Simuliidae and showed they
preferred projecting parts of 'host' objects. Both Fallis et al. (1967)
and Golini (1970) established that certain simuliids required a silhou-
ette in addition to other stimuli such as C0, in order to be 'signifi-
cantly' more attractive. On this basis, Fallis et aZ. (1967) suggested
that simuliids could be arranged into groups as indicated by their
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responses to olfactory and 'other' stimuli.

Bracken et al., (1962) indicated that shape of target was
important and that a sphere was the most attractive silhouette,
especially so with an increasing number of reflecting faces (Thorstein-
son et al., 1966), but that the attractancy of cylinder decoys decreased
with an enlargement of diameter beyond 30.7 cm. (Bracken and Thorstein-
son, 1965).

Experimenting with mosquitoes and their preferred hosts, Downe
(1960) suggested that the increase in number of flies feeding was prop-
ortional to the host body area exposed. Wright and Kellogg (1962a)
explained that, apart from the visual difference, the main distinction
between a large and a small target was in the size or extent of the
convection currents emanating from it. Further evidence for an effect
in deciding the choice between alternative hosts when both were present
was presented by Muirhead-Thompson (1951). Kellogg and Wright (1962b)
identified specific attractive clues for mosquitoes noting that protrud-
ing surfaces were more attractive than flat ones. The responses of 4.
aegypti to varying areas of human skin were studied by Khan et aZ.,
(1968). They found that both probing and flying increased significantly
when the size of the opening to which the area of skin was exposed
was increased from one to nine cm. diameter and flying continued to
increase up to 15 cm. diameter. Bidlingmayer (1971) concluded that
in the absence of the visual attractants, physical objects such as shrub
patterns in a field were used in several ways by mosquitoes as guidelines

in their flight paths.
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V. MECHANICAL

i.) Surface texture

Brown (1951a) found 4. aegypti to prefer khaki drill or
cotton cloth to greenish-khaki nylon cloth. These findings were sub-
stantiated later by Kalmus and Hocking (1960) when they established
that certain textures seemed to be favored by mosquitoes for settling
and resting. For instance, wool jersey, wood and styrofoam was superior
to smooth surfaces such as a cellulose acetate sheet and glass in that
order. 0'Gower (1963) also noted that rough textured surface stimuli
were attractive and one of the important factors mediating the consum-

matory act of ovipositing in certain mosquitoes.

ii.) Atmospheric pressure

Day (1955) described a novel pair of sense organs in the
head of adult A. aegypti and suggested, on the basis of its particular
structure, that it may function as an organ sensitive to changes in
pressure, especially during flight. He reported similar organs in
other families of Nematoceran Diptera, but the Simuliidae are not men-
tioned.

Edmund (1952) related the activity of simuliids to meteor-
Togical conditions and observed that a rapid fluctuation or sharp drop
in barometric pressures, usually accompaning the approach of a thunder-

storm, invariably caused great activity.

VI. SOUND
Apart from the mediating factors involved in breeding swarms

among male and female culicids, the only reference made to this sense



was that of Bidlingmayer (1967) who realized the possibility of
Ukanotaenia lowii Theobald to use the calls of frogs and toads as an

aid in finding these hosts.

VII. MISCELLANEOUS

Muirhead-Thompson (1951) and Freyvogel (1961) both found a
low attractiveness of human infants to 4. aegypti. Smith (1956) observed
that the skin of a 10-year-old boy was twice as attractive as that of a
man, age 38. Rahm (1958b) used an olfactometer and found a differential
attraction for humans, noting that males were more attractive to A. aegypti
than females. However, Roessler and Brown (1964) also used an olfactometer
and established the importance of estrogens especially those of women.
Other research, had demonstrated that, indeed, individuals have a dif-
ferential attraction to mosquitoes (Woke, 1962). Another method, called
'probing-time’ (PTSO)' was devised by Khan (1965) and Khan and Maibach
(1966) to measure the difference in mosquito attraction to certain in-
dividuals. Fifty men were significantly more attractive than 50 women
but, again, no explanation relating this differential mosquito response
was promulgated (Gilbert et al., 1966).

Following the host preferences of A. aegypti for several vert-
ebrate hosts, Khan et aZ., (1970) concluded that the attractiveness of
a host may be best stated only in relation to other hosts. They found
man to be the most attractive and that among human individuals they
observed a significant difference in attractiveness but showed no sim-

ilar phenomenon among other vertebrate hosts when compared with their

own kind.



MATERIALS AND METHODS

A. DESCRIPTION OF THE GENERAL AREA

Pickavance Creek (Fig. 1.) is situated approximately 16 km.
west of St. John's, Newfoundland on the Trans Canada Highway. It is a
permanent stream with several pools two to four metres by one to two
metres, with depths ranging from 10 to 100 cm., large enough to support
a population of the endemic trout Salvelinus fontinalis (Mitchell) and
possibly containing the introduced trout Salmo trutta L.

In the summer of 1970 a site was chosen for the experiments,
about 60 m. to the south of the T.C.H. directly adjacent to Pickavance
Creek. Later in the same year six other sites were chosen, in and
around the same area, in the hope that they would produce greater
numbers of simuliids. This hope was not realized and the results
obtained from these are presented together with those from the initial
site. In 1971 only the original site was used. This site was cleared
in July 1970, providing a cleared area about 23 m. x 9 m., which was
hidden from the highway, making it possible to leave equipment in
position throughout the summer.

The boreal forest region is largely characteristic of Canada.
Munroe (1956) proposes the inclusion of Newfoundland in this region
rather than in the deciduous forest formation, in spite of the presence
of many Nova Scotian elements in the fauna and flora. Boreal conifers
are dominant in Newfoundland but the dominants comprising the Acadian

forest region are absent, providing an almost imperceptible transition
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to the boreal forest region.

The area around Pickavance Creek is composed of a mixture of
deciduous and coniferous trees of which balsam fir, Abies balsamea (L.);
white spruce, Picea glauca (Moench); black spruce, Picea mariana (Mill.)
are dominant. In addition white birch, Betula papyrifera (Marsh) and
mountain maple, Acer spicatwm Lam. occur. The major shrubs in the area
are: Speckled alder, Alnus rugosa (Du Roi), (or mountain alder, Alnus
erispa (Ait.)); pin cherry, Prunus pensylvaniea L.; northern honeysuckle,
Lonicera villosa (Michx.); sweetgale, Myrica gale L.; northern wild

raisin, Viburnum cassinoides L., and Salix spp.

B. GENERAL COLLECTING METHODS

Only those techniques used in all experiments will be desc-
ribed here. Any specific technique unique to one experiment is desc-
ribed in the account of that experiment.

Carbon Dioxide: It is well known that carbon dioxide is an efficient
attractant for an abundance of haematophagous Diptera (Rudolfs, 1922;
Brown 1951a; Reeves, 1951, 1953; Kellogg and Wright, 1962b; Fallis and
Smith 1965; Nelson, 1965; Smith, 1966; Snoddy and Hays, 19665 Thompson,
1967; Fallis et al., 1967; Gillies and Snow, 1967; Anderson and OTkowski,
1968; Kashin, 1969; Mayer and James, 1969, 1970; Schreck et al., 1970;
Golini, 1970; Roberts, 1970, 1971). Employing steel cylinders con-
taining compressed CDZ, the gaseous flow was controlled first through

a regulator! which was attached directly to the outlet valve of the

1L.A. Carbon Dioxide Regulator model #16101597; Canadian Liquid
Air Ltd.
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cylinder, and later through a flow metre? which made finer control of
the gas flow possible. A seven metre length of tubing3 connected the
two controls, while a second 18 m. length of tubing led the gas from
the flow metre to the site.

The attraction of C0, for simuliids, unless otherwise noted,
will be understood as a 'releaser' since the Simuliidae use olfactory
stimulii from the host in distance orientation.

Stimulus Cards: These were constructed from sheets of 14 ply display
cardboard (71 x 112 cm), variously colored. The color cardboards con-
sisted of: a) Dull Coat Expo Blue #1968%; b) Dull Coat Expo Red #1967;
c) Dull Coat Canary #1911 ('yellow'). The neutral colored cardboards
were: d) Dull Coat Black #1909; e) Dull Coat White #1900. Samples of
these boards were compared with Munsel15 stock color, matte finish,
standards at the Munsell Color Company Laboratories, the results of
which are given in Table I.

Five simple two-dimensional geometric forms were calculated
to approximately equivalent areas and cut from the five possible colors
as indicated above. The five forms were: a) Disc - radius 14.35 cm.;
b) Square - 25.4 x 25.4 cm. (Fig. 2c); c) Rectangle - 15.24 x 41.91 cm.
(Fig. 2a); d) Triangle - base 42.32 cm., height 30.48 cm. (Fig. 2b);

e) Star - superimposed 'd' triangles. As these cardboards were colored

2Brooks Type 1355-01ATFZZ; Brooks Instrument Division, Emerson
Electric.

3FISHERbrand R Tygon tubing; a crystal clear, flexible,
tubing of modified, plasticized polyvinyl chloride. Fisher Scientific
Co. Ltd.

“peterboro Cardboards; Card and Paper Works Limited.
SMunsell Color Company, Inc.
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on one side only, similar forms had to be glued back-to-back.

Exposure format for each collection period consisted of
testing both variables at any given time with either one of the vari-
ables, viz., color or form, constant. For instance, on June 3 two
tests were conducted using the square form silhouette constant, with
a variation in the five colours. When color was common the five geomet-
ric forms were varied.

Display Platforms: A display platform consisted of a half-inch plywood
centre-piece cut in the shape of a pentagon, each of its five points
measuring 25.4 cm. from the centre. Five wooden phalanges, each 60.96
cm. long, 6.35 cm. wide and 1.91 cm. thick, extended from the centre-
piece to which they were fastened by door hinges to facilitate folding
of the platform for handling and storage. The centre-piece made it
possible to position the phalanges equidistantly. To the distal end
of each phalange, clipboards, sawn of 5.08 cm. above the metal clip,
were fastened perpendicularily by means of wood screws. These clip-
boards served to hold the stimulus cards upright when exposed in an
experiment.

The platform was mounted above the ground, using two lengths
of towel rack piping. A 9.6 cm. length was fastened to the underside
of the display platform and a 1 m. length was set in the ground. The
diameters of the two pipes were such that it was possible to fit the
one attached to the platform over the one in the ground. This allowed
for a 360° rotation of the platform in either direction (Figs. 2a, b, c).
However, the piping rusted during the winter, prohibiting free rotation

of the platform and an alternative stand had to be devised for use in
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