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ABSTRACT

Van Deveíre, Peter Joseph. M.Sc., The Uníversity of Manítoba,

Septeuber, l-981.

Flight and Host Seekíng Bêhâviour cif Adúlt Black Tlies in the Souris

River Area, Manitôba. Major Professor; R. A. Brust..

Flíght and host-seeking activíty of adult black flíes urere

studied in the Souris Ríver area, Manitoba. Six species, Sirnul-ium

merídional-e, Simulium Lúggeri, Si¡ntiliurh johánriSeni, Símulium venustum/

verecundum complex and Simul-ium viÈtatum \,rere potentlal pest species.

These black flies fed on cattle, humans, poultry and horses. simulium

merídional-e and Simul-ium luggeri are poÈentiall-y the most important

black fly pests in thís area because they are abundanÈ, they attack a

wíde range of hosts and they are multivol-tine in the Souris River.

Flíght and feeding activity occurïed betureen 0600 h and 22OO h,

at air temperatures between 17.30C and 36.70C, at relative humiditíes

between 77" and 8L7" at light íntensitíes beÈween 0.6 and l-l-r250 1-ux,

at winds with gusts up to 15.7 kn/h and on days with 0-1002 cloud cover.

Most host-seeking adults were active between 1900 h and 2100 h, aÈ air

temperatures between 250C and 300C and at J-ight inÈensitl-es bet¡nreen

60 and 1-,620 lux.

Sínulium rneridj-onal-e, Simulium luggeri, Simulium Johannseni

Simul-iun venustum/verecundum complex are anautogenous whiLe S{l¡ulítrm

vl-tÈatum and Cnephia dacotensís are autogenous.
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Cone samplers dÍd not correctl_y estimate larval populations, and
were of lÍttle value in predicting adult population síze. Cone samplers
gave the relative stage of devel0pment and the relatÍve proportions
of black fly species present.



CHAPTER I

Introduction

severe black f1-y outbreaks were first reported in the Hartney-

cameron area of the provínce of Manitoba in 1949 (Michener unpub.

rept. and Bird unpub. reptì). cattl-e, horses, poul_Ëry.and humans r^rere

all attacked by simuliids. Due to contínuous outbreaks in the early

1950rs, the river \¡ras treated with DDT to reduce simuliíd populations.

More recent black fly outbreaks in the spring and early surnmeï

of' L974 and 1975, resulted in the death of nr:merous domestic chickens

and qrild birds. Several humans in the area r^rere hospitali zed, arrd

outdoor activÍties rùere curtailed duríng attacks. These outbreaks

prompted Ëhe resÍdents of the Hartney-cameron area to requesÈ

assístance from the Government of Manitoba. In 1976, high water levels

and hígh black fly numbers Led to Ëhe use of the larvicide, methoxychlor,

to conÊrol bl-ack fly breeding in the Souris River. Since ÈhÍs Èreatment,

lJestwood (1979) studíed the biol-ogy and ecology of immature simulj-ids

in the souris River. He found fíve specÍes, simuLir¡m (pt*.g.r..d.rr"Ð

luggeri Nicholson and Mickel-, simul-ir:m (Ðg""q.n) meridionale Ríley,

Sinulíum (Si*ufi,rm) venustrm Say, Sl-mùl-iun (Slnulium) verecundum Stone

and Jamnback and StrirúLir:n (rusinul-ir¡n) joharinseni Hart-to be potential
pest species. These sinulilds were,observed feedlng on cattle, horses,

poultry and h'mans. ÌIestq¡ood (rg7Ð found that s. johannseni and the.



S. venustum/"et*a,- complex were the fírsÈ simulilds to emerge in

sprlng, fol1-owed 10 to 1-4 days laÈer by S. luggerl- and S. merídionale.

He recommended that t¡^ro larvlcide treaLments should be undertaken to

controL sirnuliíd populations: the fírst aimed at S. johannseni and

S. venusËum/verecundum; the second at S. luggerí and S. meridionale.

The presenÈ study was undertaken during the summers of L979 and

1980 to study adul-t flíght activity and hosÈ-seeklng behaviour of

simuliíds Ín the Souris-IlarÈney area. Females were given à choice

of domestÍc fowl- (turkeys and chickens) or a bovfne host. Flies

feedíng on equínes, humans and a smal1 herd of catÈle rs¡s snmpled

on an irregular basis (rnainly, as tíme permitted), and identified to

specíes.



CHAPTER II

LÍterat,ure Review

Sectíon A - Review of Capture Studies of Nor.th Amerícan Black Fly

Adrlts Usirg Catbon Dio

Baíted Traps

Carbon Dioxide-Baited Traps. In Ëhe U.S.A., Snoddy and Hays (1966)

were the first to report Èhat more simuliids rÂrere attracted to humans

when a stream of. CO2 was supplied through clothíng than wiÈhout.

Using modífied New Jersey lighÈ traps and COr, Snoddy and Hays were

able to captured 11 speeíes of simuliids, including Simulium víttatum

Zetterstedt, Simulium venustum Say, Simulium tuberosr:m LundsÈröm and

Sirnulíum decorum l{alker. The average catch was 45 flÍes per h whí1e

traps without CO2 col1ecËed few flies.

In Ontario, CO2 was províded from cy1-inders along with Èhe ether

extracts of ducks and l-oons to study the behavíour of sfinulííds

(Fallís and Snith, L964). They found that Simuliun rugÊlesi Nicholson

and Mickel ís attracted ín greater nr¡mbers to a combÍnation of CO2

and an eËher extract of the uropygíal gland of ducks than to the ether

extract alone. In Ontario, Canada, Baldwín et al. (L966) caught large

numbers of S. venustum females with cylíndrícal, dark blue stícky

traps baíted with dry íce.

Upwínd orientation to CO2 by S. venustum was studied ín Ontario



by Golini and Davies (1971-) confirming the fÍndings of Smith (L966)

who fírst proposed the hypothesís of upwind orienÈation of símuliíds

to COZ during host seekíng.

In Newfoundland, Bradbury and Bennett (L974) reported that the

number of simul-íids orienÈating to a CO, source decreased wiËh Èhe

distance downwind from the source. In Algonquin Park, Ontario,

símul-iids lrere numerous in fan traps and on sticky flesh coloured

cylinders and mannequins only when CO2 was released nearby (Fallis

et al., Lg67). Nínety to 991a of símuliíd catctres consísted of S.

venustum, the remaíriíng beíng mostly S. decorum. They found that the

greater the discharge of CO2 the higher the nr¡mber of símulíids caught.

Animal-Baited Traps. Large and small cages or traps, contaíning animals,

were used in the U.S.A. and Canada to study sinuliíd bítíng

acÈivity (Bennett, 1960; Anderson and DefoLiart, I96L; Roberts ' L9651,

Wright and Defolíart, L970; Service, L977; Shemanchuk, 1978).

In Algonquín Park, OntarÍo, Bennett (l-960) exposed birds in 400

or 900 cubic cm boxes having Èops and sides made of chicken wíre or

heavy mesh netting, and bottoms made of L.2 cm mesh hardr¿are cloth.

Cages were placed at heÍghts varying from the ground to 7.6 m in Èhe

tree canopy. Fl-íes were. given 20-30 nin. to feed and cages were Èhen

covered wiÈh nylon netting. Blood-fed S. genustumulere captured, primarily

along the l-ake shore and the ground, around ravens, ruffed grouse'

domestíc ducks, crornrs, grackles, robins and sar¿-whet owls. Blood-fed

S. decorumwere taken fron cror^rs and domestic ducks, at the lake shore

and at ground level. Other sínuliíds, íncluding S. aureum Fries and

S. latípes (Meígen) r^rere at greater heights ín forest habitats



(Bennett, 1960).

In l¡Ilsconsin, Anderson and Defol-iart (l-961-) confined a variety

of wil-cl and domestíc birds and small- ma"'mals to wire mesh cages, 61 x

30.5 x 30.5 cn or 50 x 4l- x 30.5 cn. After 30 mínutes they were

covered with a cardboard box. Fl-ies were allowed to escape from

windows cut Ínto the sides of the box. I,Iindows were fitted with

sl-eeves of cheesecl-oth. A sheet of cheesecloÈh l-arger than Èhe bottom

of the box was attached to the lower edge of one side of the box. As

the box was lífted from the cage, the sheet, of cheesecl-oth was drawn

over the open bottom to prevent black fl-íes from escaping. Flies were

then aspÍrated from the box.' S.'jóháririSént and S. meridioriale fed

on domrsËÍc turkeys (white and bronze varieties), white Leghorn chíckensr

rÍng-necked pheasants, domestic rùhite Pekin ducks, ring-necked doves,

and sÈarLings. Blood-fed S. decortlm n¡ere taken frou horses, cattle,

and whíte-tail- deer; S. Veriústum from hr¡mans, horses, caËtle, white-tail

deer and sheep; S. tuberosum from humans, and S. vítÈatrrm from horses

and cattl-e.

In MissisdÍppÍ, Roberts (1965) used a sÈeer-baited trap, 1.5 x 1.8 x

2.1 n having the top and sides covered with a fine mesh screen. An

internal stanchion r¡Ias constructed and extended the ful-I- length of the

trap. A door was provided at one end of the trap to gain admittance.

FlÍes enËered the trap through a serÍes of angled baffles constructed

l-nto the sídes of the Èraps. Blood-fed S. vlttatr:m r4rere captured in

this trap

In trIisconsín, I,Iright and Defol-íart (1970) used animal traps, 45 x

50 x 50 cm havÍ-ng a wooden frame, wooden Èop and botÈom and sides covered

wíth saran screen. A l-0 cn angled baffle r¡-ith a 2 cm opening was
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positioned l-0 cn from the Èop and al-ong the entire length of each síde.

P]-ywood doors lrere aÈtached to the frame at the front centre of the

trap for removal- and placement of the caged animal. rn these Èraps, 2

of. 4L fl-ies of the S. venustun-tr¡beregu.n complex, attracted to racoon,

were engorged and 1fly atËracted to a far^¡n deer was engorged.

å. johannseni and S. meridionale were attracted Èo racoon and

Although

woodchuck

of 1,501they dÍd not feed. S. merfdional-e engorged on chíckens (1,283

flies attract.ed to chickens were engorged) and on humans during the

suÍrmer of thís otudy. On two occasions, Lt was confirmed that thls f1-y

feeds on humans either Índoors or in a screened porch (I,iright and

Defol-íart, 1970) .

In Alberta, Shemanchuk (1978) used a steer-bal_ted trap which

differed from Roberts (1-965) in that the sídes of the trap rsere completely

reuoved between col-lectíons. In this way f1-1es whi.ch rreïe pïeserit on

the host as it entered the trap coul-d noÈ accidentLy become trapped in

the cage. Several steers ¡vere trained to enter Èhe stanchion of the

traPr at which time the sides uade of fine nyl-on mesh, r¡ere lowered. as

quickly as possible. The sÈeer r^ras covered for l-0 rnin. to all-ow fl-ies

to complete feedÍng and settle on the walls and ceiling of the trap. A

collector would then enter the trap and aspirate adul-ts j-r.to 70"Å ethanol.

Blood-fed and non blood-fed s.'veriùstum, s. vfttatum and s. decorum

rìrere successfully coll-ected by this method.

Section B - Review of Host Specificity and SLÈe of Attack of Some

North American Sinul-ilds

SínulÍurn Gir"Ug*) venustum Say. In Ontario,

manrmals but prefe¡s ¡ammnls (BènneÈt,

S. venustum feeds on

birds and 1960). This sinu1iíd
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feeds at the back of the neck, behind the ears and on the forearms and

ankl-es of humans (I,Iol-fe and Peterson, l-960). S. venustum r¡as also

reporÈed to feed on the eyes, ears and nose of beaver in Ontario (Davíes

and Peterson, 1956).

In Idisconsín, thís sinul-iid feeds on horses in preference Ëo

cattle, hunans, dogs, caÈs or birds (Anderson and Defoliart, 1961). Here,

S. venustum feeds on the chest, neck, behínd thê jaw and on Èhe inner

nargín of the legs of horses. In Vírginia, Teskey (l-960) reported that

S. venustum fed over the general- body surface of cattle. In Manitoba,

blood-fed S. verecundum, a species closely related to S. venustum, has

been taken frorn humans and horses (trlestwood, L979). Few other reports

of hosts attacked by S. verecundun are avaíIable (Golini and Davies,

L975a).

Sirnul-ium (Phosterodorus) luggeri Níchol-son and Miekel. In Saskatchewan

and Manitoba, S. l-uggeri feeds on horses, catÈ1-e and hr¡mans (Fredeen,

L977). Thís fly swarms around the head of cattle and feeds aggressively

about Èhe eyes (Fredeen, L977). Thís mode of attack makes this sinul-iíd

very alarming to cattl-e and attacks often result in the death or ínjury

to animals through stampedíng and trampling.

Síuulium (ÞsoaoÐ meridíonale Ríley. In trIísconsín, S. merídionale

feeds on a wide variety of bird hosts and is the most common simuliid

feeding on turkeys and chíckens (Anderson and Defolíart, 1961). Flies

feed on the unfeathered head and comb and beneath the feathers of large

turkeys. On young poul-ts, thís simulííd prefers to aÈtack the feathered

body over Ëhe head area.

Reports of this sinuliíd feeding on humans (Anderson and Defoliart,
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L96L; Defol-íarÈ and Rao, L965; i'Iright and Defolíart, L970 and trIestwood,

L979) and on cattle (Ifestwood, L979) suggest that thís fly is not re-

stricted to avian hosËs.

S. meridíonale is the príncipal vector of Leucocytozoon in turkeys

in trlisconsin (Anderson and Defoliart, 1961) and strong evidence suggests

that this sinuliid may vector Leucocytozoon to turkeys in Manitoba as

well- (Fredeen, L977). In Ïüisconsín, Eastern Equine EncephalÍËís has

been isolated from thís sirnulíid (Anderson and Defoliart, L96l).

Símulíun (E"sim"fiur) johannsení Hart. In llisconsin, S. johannsení

feeds on a varíeÈy of avian hosts but prefers to feed on chickens

rather than on pheasanËs, and on turkeys rather than chickens or

pheasants. Reports by Anderson and Defoliart (1961) , indicated thaÈ

greater numbers of this sínuliíd were taken at the lower forest canopy

than at ground height perhaps suggesËíng a preference for birds over

mamual-s. However, in Manítoba, trrlestwood (1979) has took blood-fed.

S. johannsenÍ from humans and cattle. Eastern Equine Encephalítis

has been isolated from S. johannseni ín Wisconsín (Anderson and Defoliart,

1961) .

Sínul-ir¡m (Psilozía) vitËatum Zetterstedt. In Utah, Knowlton and Maddock

G944), and in Virginía, Tornmsend et al. (L977), found that S. viltatun

prefers to feed on the ears of horses. In California, Anderson and

Voskuíl- (1963) and in Manitoba, trrlestwooð, (L979), took thís

sinul-iid from the ears of horses and caÈtl-e. However, in Ontario,

Teskey (1-960) observed Èhís sínuliid feedíng on cattle only. In Utah,

Knowlton and Maddoek (L944) found S. víttaÈum to feed on Èhe head, neck,

shoulders, back, front 1-egs, brískeÈ and the underbelly of horses.



Section C - Behaviour of Some North Ameriean Simulii<ls Duríng Various

Meteorol-ogical Conditíons

HosË-seekíng Activíty. Host-seekíng behaviour of símuliids during

various neteorol-ogícal condítíons, índicate that f1-ight occurs under

a wide range of condítions (Underhíll, L940; Davies, 1950; Davies, L952;

Davíes, 1953; Davies and PeËerson, 1956; trùol-fe and Peterson, 1960;

Anderson and Defol-iart, 1961; Alverson and Noblet, L976).

Air temperatures bel-ow 70 to 90c an¿l above 3O0c in trIisconsin in-

hibít sinulíid flight and feeding.activity (Anderson and Defolíart, I96L;

Alverson and Noblel, L976). In Ontarío, Davies (L952) reported that

the highest number of S " venusËum adults l-anded on human skín at air

temperaËures between l-30C ancl l-80C. He found no eorrelation between

landing rates and air temperaËure, but reported that landing rates

dropped to % and biting raËes to % when hrrman skin was exposed to dírect

sunl-ight. Davíes suggested that some bl-ack flíes seem very susceptible

to dessication under hot, dry conditions. In Virgínia, Underhill (1940)

reported Èhat maxímun símul-iid feeding occurred between relative

hr¡nidítíes of 65% anð. 757. and between air temPeratures 240C and 290C

with few fl-Íes feeding bel-ow ILOC. Sinuliids remained acËíve under a

greater range of relatíve hunidity than air temperature. Aír

temperature therefore was the more 1-ímiting facÈor. Unfortunately,

Underhill does not indícate ¡¿hích simuliid species he worked wÍth. In

Quebec, l{olfe and Peterson (1960) found that S. venustum feedÍng

activity !,ras curÊailed at relaËive hurnidity extremes below 257. and above

95Z arrd. at air temperatures belor*r 70c and above 300c.

In l|isconsin, Anderson and Defoliart (1961) reported thaÈ hundreds
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of S. venustum fed on horses under overcast skles and at an air

temperature of 150C and a relative humídity of 79%. During Ëhe initial

period of attack fl-ies vüere present throughout the day but in fo1-l-owing

days biting activity was greatest in the evening.

Many símul-íids have a diurnal- feeding paËtern r¡ith morning and

eveníng peaks (trIolfe and Peterson, 1960; Anderson and Defoliart, 1961).

In Quebec, the peak actirrity of S. venustum occurred L Eo 2 h after

dawn and '¿ to L h before sunset at light intensities of 215 lux and 54

l-ux respectivel-y (lJolfe and Peterson, 1960). I{olfe and Peterson

suggested thaË greater peak periods of actfvity in the eveníng may have

been related Èo higher air temperatures before sunset than afÈer daum.

Anderson and Defol-iart (l-961) reported that símuliids, including

S. johannsení, S. meridionale, å. dêcörum, S. lúggeri, S. venustum and

S. vittatum, fed continually throughout warm overcast or suD.ny days,

nrith morning and evening peaks of activlËy. No feeding occurred afÈer

dark. They found that morning, and. evening peaks of activity r^rere

correlated with peaks in relative hurnidity. However, in British

Columbia, üJellington (1974) found no sueh correlation.

In South Carolina, Alverson and Noblex (L976) reported Èhat

sinuliids, íncI-uding Siuúl-iun sIôssdnae (Dyar and. Shannon), were active

at l-ight intensities beËween l-7 and 27r500 lux. Feedíng actíviÈy was

reduced bett¡een l-000 h and 1600 h or during the Ëíme of greatest light

intensiÈy. They concluded that simuliid feeding acÈÍvity was correlated

to lfght intensity, air temperaÈure, re1-ative humidity and time of day.

They also reporLed that. sfgnificant increases in acËivity occurred

during the presence of cr:mull-form clouds. The presence of cr:muliforn

clouds was regularly associated with small changes in barometric
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Pressure throughout thís study. In Britfsh col-umbia, ülellington (L974)

correlated the approach of cumulus cl-ouds to small- fluctuations in

barouetric Pressure. He report.ed that in the absence of an lndf-genous

breeding popuLation of simul-ííds, sr^rarrns suddenly appeared as cumulus

cl-ouds passed directly overhead, or plus or minus 20 degrees to either

side of the zenith.

rn utah, PeËerson (1956) reported that simuliids, íncl-uding s.

arcticrm, S. tuberosum and s, vittatum, seldom fed on |¡rrm¿ns below

2,100 m but did so quite readíl-y above thís elevatíon. Peterson (1956)

suggested that simul-iíd feeding activity increases at high elevatÍons

r¿here barometriè pressure Ís lower. One record of S. vittatum feeding

on humans at 11300 n may have been due to low barometríc pressure. rn

Vírginía, Underhíll (1940) found that maxiuum feeding activity occurred

at barometric pressures between 701 and 7L2 m Hg at an elevation of

610 n. He al-so reporËed that a droppf-ng barometric pïessure, as occurs

before thunderstorms, increased sirnul-iid feedíng activity. In Ontario,

Baldwín and Gross (1972) reporËed that rainfall preceded increases in
sinulíid activity. However, ín Quebec, trIolfe and peterson (1_960) found

that black fly activíty íncreased preceding thunderstorms and raln and

attributed these increases to changes tn light l_ntensity.

Feeding activíty of 'most si¡nul-ilds fs severely reduced at wind

speeds greaÈer than 8 krn/tr (Un¿erhill, 1940; I,Iol-fe and Peterson, l-960).

However, Al-verson and Noblet (1-976) reported simulíid acÈivity at wind

speeds of 19 krn/h. In Algonquin park, DavÍes (LgS2) reported that the

flight activity of S. venustum was reduced at wind speeds great.er than

24 km/h.

Alverson and Noblet (L976) concluded that less t]nan 2514 of al-L
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changes in simuliid activity could be attribuËed to changes in relaÈÍve

humidíty, barometric pressure, percent cloud cover or hourly light

inÈensity at individual trapping síËes. However, light inÈensity is

considered by nany Èo be the singular most important meÈeorological factor

governing bl-ack f1y actívity (Davies, L952; !lo1-fe and Peterson, 1960;

Anderson and Defol-iart, l-961)

Oviposition Aôtivity. Siuruliíils lay eggs ín rivers, creeks and streams

or on vegeËaÈíon, dau faces, rocks or debrj-s found in flowing water.

Those simul-iids which oviposit dírectJ-y into the ü/ater do so by touching

or dipping the abdonen into the rnrater r¿hile ín flight (Davies, 1950;

Hocking and Pickering, L954; Davies and Peterson, 1-956) or land to.ovi-

posit on a suítable substrate (Golini and Davies, 1975b) . Davies and

Peterson (l-956) reported that S. decorum and S. villatum engage in both

methods whil-e S. venustum and S. verecundum ovíposit on vegetation

(Merrit et al-., L978). S. venustum was ohserved to oviposit frequently

on cattail-, Typha latífol-Ía Linnaeus and less frequently upon reed meadow

grass, Glycéra grandis tr{ats., bur reed, Sparangium sp., eel-grass,

Vallisneria spiralis Linnaeus, leaves of alder, Alnus rugosa Spreng. and

meadow rue Thal-ictrum polygamr:m Muhl. (Davíes and Peterson, 1956). In the

absence of suitable ovíposit.ion substrates, S. venustum has been observed

to lay eggs on fílamenËous green algae floating at the rdater surface

(Davies and Peterson, 1-956). Most eggs were laíd on days during which

thnnderstorms occurred, betr¡een 1800 h and 2045 h, at l-ight intensíties

between 0 and LrL45 lux and at air temperatures between I-l-oC and 270C.

S. venustum also oviposited on evenÍngs wíth little or no wind, on

overcast days and on hrarm sunny days (Davíes and Peterson, 1956).
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In Ontario

(L967) reported

sunset and less

and Quebec, Davies and Peterson (1-956)

that ovÍposltion peaks for S. vittatum

and Corbet

occurred near

frequently shortl-y after sunríse.


