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Á3STRÂCT

Tliis study of Si:iruliídae r¡as carrie<1 out i¡ the Î¡Jhiteshell Forest

Reserve and near La Salle, Manitoba in Ig59 and l-960, The t¡heJio-therrnalts

trap originalJ-y d.esigned to capture Tabaniiae (Tho::steinsone 1956) and

improved by Brachen (fç60) r..'as furiher i¡.proved and used to monitor

seasonal ancì diurnal activity of bl-ack flies and their response to motion.

The d.iurnal activity of blacir flÍes r,¡as studied i:r relation to such

meteorofogical factors as urind, light intensity, tenrperatu.r:e, relat.ive

hunrciity anC, the l;irne of day. It i,ras found that flying conditions r+ere

optimal l¡hen it was calm or nearl¡r so, cloudy with temperatures at about

7OoF", and- 75"i" relative hu¡nidities" 0n the average the greatest flying

ae"bivity occur:red betl¡een ? and 9 i:r tlie rnomi:rg.

Seasonal activity was :nonitored by courtS:rg tlie black flies

captured at tr,ro locations i¡r tr¿o 'braps maintaj:reil. fror,r lvhy to Septembe-r,

L96A" The peak of seasonal activi¿r.,y occLrïred on Ì"Ía5r Jl near La Safle

and on June 15 i¡ the i,Ihiteshell Forest Reserve"

The orienÌ;ation to objects of vas'ious sha'oes and lrdegrees of

brokenne*ssr¡ of contours i+as s'r,udied. It r.ras found ihat bleck flies rvere

atiracted more to objects i"ith sol-id contours. Black flies coril-d recognize

difílerent shaped objects onJ-y by their d-ifferentÍal rtdegree of brolcennesstl

of ecniours" A stationary bod,y suspend-ed from r¡rd-erneath the trap

jrrcreased the efficiency of the trap more than a movS:rg body undemeath

the tr"ap. Spheres ',rere painteci blaclc, blue, red, yel]orr and green, It

r.¡as found- that the black, i:l-ue ancl^ red spheres attracied äran;,- rnore flies



tÌ:an the yellorr and green onese Tjor.¡ever i.4r,en uooden sticks r.¡ere

various colours ancl placed i:i'to the current, the flies laid no::e

the yeJ-Iou arrd green sticlcs than orr any of the oihers*

Á"ttempts r.¡ere mad,e to rear black flies from the egg stage

laborator=;r by means of artifi-cially circulated ancl aerated l¡ater"

i-v '

pailted

eggs on

i:r the
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CI]ÂFTER I

Ï}iTRODUCTTOII

Jmpqrtaqqe _q!_Þ_tudv

Tn five outbreaks of black fl-ies prior to :--948 more than 11000

head of li-vestock were kil-led i¡ the area of the South Saskatchewan

River ln Centr:al Saskatchelian" Si:ryliun arclicw was the chief species

cau,si:rg i;he deaths. Beg5::ning 5-r! I9/+8 DDT r¡as applied to the South

Saskatchel¡an River at a rate belol+ the toxic l-evel for fish" Black

flj.es r.¡ere thus controlled over a distance of 115 uúles downstream

(Fredeen,. 1956) " Stræeies of SimuJ.ij-d.s as'e particutarly troublesome to

man j:r Canadats far northern regions and Alaska. Si:rce sv¡arms of these

jnsects may travel as far as 1/¡0 ¡niles with a favourable r,¡j¡rd (Frecleen,

A956), chemical control is ver.y äifficuJ-t indeed in these northern

regions. Officials in resort areas su-ch as the l'fhiieshell- Forest Reserve

do not apply DDT to the rj-vers" They fear harm r,¡ould be done to the fish,

not only through the direct action of the cheraical, but also because 'i,he

larvae seem to be an Smportant source of food for gane fish. The author

has seen young lake trout (Cg.is],ivo$eg 4aqqycpsb l,Ialbaum) readily eating

larvae, Therefore it is hoped to eontro] the Þest species of Simuliidae

by means other than the use of insecticides" An increase jn our lmowleCge

of the life cycles, sensor)r physiologr ano behaviour of the noxious black

fly species may leacl to developmeni of non-insecticidal control measureso

The- Scgpe -o€ th-ejåtr¡ly

The present study is concerned maj-nl-¡r r,rith some aspects of behaviour
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of cer'caj:r SimuJ-iid species oecu-r'ring Ín the r¡lhiieshell Fores'b Reserçze

i:l South Eastern i'lanitoba. i'íuch of 'r,he information 1,ras ol¡-bajned through

the use of trans. The nu-irrbers of Sloul-iic1s eap-r,i;.r"ed in various -r,¡1pes

of traps provided. info:rriation regardi:rg the oyientation beha¡.¡jour of

these insects as r¿ell- as a pic-r,ur.e of the seasonal abr-:¡dance j¡'r,he

trdhiteshell- Forest and ai La,Salle, l'{aniioba" On1y a small pa::t of i;he

ma-r,erÍal- '."¡as iden'bified to species.

Oz'qanlaation pf Lhe Thesi*g

The topies and. expe-r"imen',,s in ihis thesis are diverse, lhere-

fore onl¡' a short outl-ine of ì;he liierature available on black flies

ancj a genera-i accor::rt of -bhe rnaierial-s and metl:ods used, are ¡;ìys¡ ¿N

i;he beginning of ihe thesis, At the begi-ir,ring of eaeh chairter clealing

t¡ith a particular e:rperineni or investi.gationu a detailed revier+ of the

literature and a d-escription of the periinent materials and- methods is

presentedo follor+ed- by the r"esr¡fts and discu-ssions,

Genflral Eevi-er+ o{ Literqlr:-re

The literature on Si¡nu1iÍdae is 1arge15r restricted to r+orks on

ta:ronom;v and life c¡r-cles, darirage c1one io cattle ancì pouliry and their

ânnoyance to man" A fei^¡ papers deal r¡ith the trappi:rg of bl-ack fties

and their responses to specific stirnril-Í. Caneron (r9rg, j-n Davies and

Peterson, J-956) describes 'uhe black flies a'i,'oackj:rg cat-'r,le. Tr,¡inn (tgl6)

gives a ver;¡ thorough account of ihe s!-ecies occurring in.T¿lstern Canad.a.

ÐavÍes and Pe'r,erson (t956) 5nvestigated the habits, ecology and pì4rsiology

of many speeies occ'rlrïing in .A,lgonou-in Park, Ontario" I'iany paÞers from

all par"i;s of the ",.:orld, such as Rubtzo''¡ (r%g) in Ru-ssia, snar''b (lg4r)
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and Bdl¡ard.s (l-921-, in Davies airci Petersonu ].9J6) in Engl-ancl, t{icholson

{tgSO) in 1'fi-irrnesota, to mention only a ve4r fer,iu shor.¡ the i.¡orld r+ide

importance of many members of this hen:atophagous famil.y of flies" Tvro

papers deal with the trapping of black flies jr lÍght traps (l.iil1iams,

French and Hosni , rg55; IdÍlliams an<l Davies, lg57). Davies studied. the

landing rai;io of black fl-Íes on different coloured cloth (lgn) ancl the

seasonal abundance and diurnal aciiviLy (1952). I¡Io1fe and Peterson (f960)

also made observations on the diurnal activit)'of Sj¡nuj_iids. HockÍ:rg

(f960) provided. a survey of literature on biting flies ,.¡hich j-ncludes

Simu1iidae 
"

¡¡a teraal_g_and_-l&lhgÈ in_G en eqa,L

The experi:nents t{ere carried out in l959 ancl 1960. I¡r each of

three locations one permanent trap uas set up to monitor seasonal

activity. This trapu which j:r its mod-ifications r,¡as also used i:r other

investigations, i"¡ill be described- in d-etail later" One of these r+as

located near Ie Salle, l'ianitoba; the other tr,ro in the ,ldhiteshell Forest

Reserve i¡ Soutlreast I'4ani'Loba, The same general type of trap, the

silhouette of r.rhich r¡as presurned to furrction as a visual dummy of a

potential host, r'¡as used-bo obtain data on the orientation responses of

Simrúiidae" Silhorr-ettes l,rere suspend-ed unclerneath the canopies of the

iraps" They uere painted various colotirs ancl conpared" The corirparative

efficj-ency of stationar.y ancl rnoving silhor_rettes unclerneath the traps

1+as investigated r.iith respect to the nrunber of black fljes captured."

The percec'tion of for¡n by black fl-ies was studied irith shapes made from

corrugated cardboard r+ith the smooth side facing out, These r.iere painted.
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black anci. s¡reared r¡ith tangle foot, *ln)r bl-ack f]-y r,rhich touched the

fortr became entangled in the sticky substanee and could thus be countecL*

Oviposition behaviour on different coloured objects v¡as si:ucliedr by

placing coloured-, r.¡ooden stieks into the current of tlie r"j-ver ancì

ueighing the egg's oviposited on them" The orieniaiion of blacl< f1Íes

to a filterecl point source oi1 light provid.ed infonnation on spectral

sensitivity of black flies" A study of diurnal activity of blaci< f'lies

i,las made by collecti-ng the'crap catcLres ever¡r tr'¡o hours for sever-al da¡rs

and keeping records of neteorological changes on these sane C.a;is.
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PAXiT}üi'i.A3Y EXFEA,I}.ENT,S AIiiD I"íODIFICJ:!ÍIOÌüS OF TI- IIIüLTO-T]ïER1'ßL TFAPN

A,..--.Visu-¿]*Fac_torq

Rev:LelL of Lit_eqat_uåg

Two papers deal- vith the nocturnal- trapping of black flies jn

light traps" Williams (f955) compared. a 125 r'¡att ul-traviolet br-rlb i,ritlr

an ordinary 2OO t¡att r+hite bul-b. The ul-traviolet bul-b proved to be

more ati;ractive" hrilliams and- Davies (7957) report that they captured

gravicl and engorged female black flies in an ultraviol-et trap of the

Rothamsted. ty;oe. l4orris and lbrris (tg+ç) describe a 'r,ral: used success-

fully to trap ano'bher gpotlp of hematophagous insects, the species of the

genus Glossina" The tse-tse fiies are diurnal insects and, the trap

design r^ras based on such visual faetors as shape, size, colour and type

of material, A c5úindrical shape of the trap was fou¡cl to be very

important. The efficiency of this trap was comlrared to the nu¡rber of

tse-tse flies that'landed on and r,¡ere eaught by a negro boy, The fly
bo¡' 1,¡us more attractive to anthropophilic species" Species previously

k¡ror"m 'bo prefer lÍvestock and r+ilo rrramríÌals Ì^rere rìrore attracted to the trap"

0nly one species l,Ias irtore attracted to moving than to stationary traps.

1,4.bqria1 s qgl Metlrod*s

The traps used in this si;ud-y i"rere r¿odifi.cations of "bhe type

descri-bed by Thorsteinson (rg¡g) (nigure I A), The large black funnel

und.erneath the trap i^tith a collectSng jar screued onto the nar¡or,¡ encl



ïÌigure 1. Modifications of the aHelio-thermal Traprt

Ao The 1957 variet¡' with a large fu¡nel and a
colleeting jar underneaih a clear canopy"

B" Ihe L958 varÍety r¿ith a black tub on the ground
unde::neath the trap. The tub r,¡as raised to the
same l-eve1 as the one in C, il no-re'burn cha¡rber
replaced the large black funnel, Clear canopy"

C " Tire 1958 varÍety r.¡ith a black tub fitted on a
central shaft and a bic;zele front l¡heal bearÍng.
Four cones L,ere mounted to -r,he sides, Clear
canopy.

D" In 1959 the black tub v¡as replaced by a black
cylinder (¿rS * ó1 cm. ) suspended on a strj:rg
froär ulderneath the trap. 'The 

bl_aci. 
"yffrrAË"co'uld svring freell i:r an;r i,¡ind, The clear

canopy ilas re,olaced by a black, opaque one,
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uâs replaced. by a nÕ-re'turn chauber fitted to the apex of the -i;rap by

Bracken (fçAO). This improved the trap considerably,

In the sunnor of 1959 t ti'ro experiments were carried out to

d.etermine '¡hether the black flies reacted to vi-sual objects:

Expe:'iment-1. Tù¡o traps had been set ul: about eight meters aÞart near

Caddy lake i:l the l,lhitesirell Forest Reserve" To sbart wi-th, a black

metal tub v¡as placed upside dor^¡n underneath one trap (figure I B).

ånother black tub r¡as placed urderneath a second trap (nigure 1 C) 
"

This la-bter iub differed j¡i that it was rnor:r¡l:ed on a central shaft,

fitted with the front ¡¿heel bea:"5ng of a bicJ¡cle" Four cones t{ere

fastened to the side of the buchet like the cups of an anemometer"

These cones uere pai-nted blacic on ihe outside and white on the inside,

They i.rere j:rtended to caf,ch the ¡¡j¡rcl to rotate the tub, but because of

a fanlty bearing tÌre tub dÍd not ao'bually rotate, so there was on13r a

d.ifference 5:: sÌrape and colour rnarlci.:ogs bett'¡een the tl¡o tubs. Bracken

(1960) had developecl this ro'Lating device but ln iri s case it actually

rotated" Botìr tubs i^¡ere raised to the same þsight, 0n JuJ-y l/*, the

positions of the traps l¡ere interchanged. 0n July 220 tbe sÌmFle black

tub was replacecl by a blaclc cylincler (diameter /r5 cm", heighi: ó0 cm")"

It r+as suspended fr.on und,ernea-bh the trap and sr+ayed j¡r the r,¡jnd

(¡'igure 1D), 0n July 29u a black c;rlinder with several vertical l¡hite

stripes about 3,75 cm. t¡ide replaced the rota'bìng b-lack tub. 0n *.ugust

/ç, t'he trap with the black and v¡hite sN¡ipes wss novecl j¡t;o the shade of

'i,rees a fe1"r ;uarcls i¡to the forest,



Exp_eqj-:ag.nb 2, .4¡rother experi:nent l¡as carried. out r¿ith tr,ro ti:aps near

Rennie, also in the vihitesìre1l Forest (tr'igure 2 A), 0n JuJ-y 9e one

trap was fitted v¡ith a transparen-i-" colourless canopy, ihe other one

r+ith an opaque, blach one, Á. blaclc cyl5:rder (4f 
" 60 cm") was suspended

from undernea'bh both Í;raps" 0u July 15, after ernptying both traps their

positions r+ere interchanged,

n e suf ts_gq{_A.iSqqç S iqp

Expçfj¡lqnt i-" Figure J shor*s that -the changes defí¡itely affected the

black f1y catches, The tub l'¡ith the anemo¡reter u¡derneath the trap

caused. larger captui'es than the tub t'¡ithout the cups" The large blaek

cyli-nder suspended u:rderneath the trap improved ihe cat,ches everr mor"eo

The trap t¡i.bh the soIÍd black cy15-noer and. siiuated jn i;he open proved

superíor to 'i;he trap trith tj:e black antl wh'ite cyl-5.nrler, lrheiher ihe

laiter i,ras pl¿ssd i¡r-bire open oÏ in i;Ìre shade of ihe forest. This

resLrlt" may be Í-nierpreted in terms of the s'¡udies of silhoueti;e co¡rtow

',¡hich are described later i¡ the thesís"

E-fpeåþC4Le. The results of the second expe::iinen'b are illustraied i:i

Figure 2 B. The highest nu-nber of black flies r,rere captured Ín the

trap i,¡ith the bl-ack canopy regar.dless of the location" Tn i;his respect

the Sjmul-iidae reacted. sjjlilar to the Taban:'-dae.

Although the da-ba do not permit a precise evaluation of the

relative roles of shapeu co]o,.r:: and movement in the at'bractiveness of

silhoueites ii; appears cl-ear thaÌ; these visual s-bjmuli r.rere important.

This agrees uelI witir the find5:rgs of l'brris ancl I-fomis (19¿19) that the

tse-tse f1y tra;o had to be clearl-;' visible to be most effective, Therefore
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the sr,:aying blacie cylind.er and ihe black canopy vere adopted as essen'i;ial

features of an improved blaclc fly trap,
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F_,,htroÖUctfqF _aÍ_Çy_æidç tq_ thg t'Lo-_retUrn tQhêITrþer

j'fqieriqls and l¡l-qthods

Specíilens captured. j:r the no-retu¡n chamber r,¡ere often too

mutilated to permit identification on account of moisbureu spider r',rebbing

j¡lside -r,he chamber and large ìnsectsu particuJ-ariy moths, damagíng the

small ones by flutle:"ing abou,t" Therefore sodium cyanide in rreggtr form

r,¡as introcluced to kill captu::ed insects ins'r,ant]y, Sinee sodirim cyanide

has a very s-brong and peneì:rai;ing odou-r it r+as feared tha-b black flies

m-ight be repelled. To test thì se tr,ro traps, one i.rith cyanide and one

r'rithout, r,rere set up side by side for 28 days and emptied nine tjmes.

After eaeh collection the positions of the traps r"¡ere jnterchanged to

exclude position effects"

R:=gìrl_ts and Ðisc uE s_iq¡l

I:a Tabl-e I the catches are shoruir" The ra'i;io of catches for

cyanid,e and. no cyanide is very variable, but the trap with cyanide was

ah+ays superior" The total for the cyanide trap r,ras three times higher

than for the non-cyanide trap. The quality of the specimens trras

invariably much improved,

1\+o explanations ma)¡ be offered to explain the superiorl,l,;i cf the

poisoned trap, The first one is that some fl-ies escaped again f:,on'rhe

unpoisoned. charnber, The second. is iìrat the odour of the eyanide

attracted additional flies" The author consid.ers the first explana'uion

more p::obable but no critical- evidence for or against the second hypothesis

is as yet available"
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TABLE Ï

COMPARISON 0F CÂTCI$S Ii'J A TRLP iriITIÌ CYÁ-ITIDE AI.ID i,JITHOUT CY¡rI{IDE

Collection Trap r,rii;ìr Cyanide Trap u'ithout Cyanide

1

)

)

/,

6

7

Õ

10

u6

uÃ
a

?Ã

7

2

75

0

27

(},o4

11

6

t

Total 135
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There is no account of the reac'bions of blaek flies to movement"

But this fac1or, along with others, ïras inves'bigated by Sippel and

Brom (tçSl) on mosquitoes" They placed a mouse j¡rto a box to study

the atirac-biveness of smell-, sight and movement by providing a trans-

parent or opagueo perforated. or tight eovero The¡' 56und 'ohat snell is

a stron¡ter attractant than sight unless the sighted" object movecl" The

movement factor i,ras anal¡rsed by putting a living, rnobile mouse j-nto

one box and an anaesthetized one j¡to ihe oÌ;her. They fo'mcl tha-t, sight

and smell wer"e nore attracbive if co¡rbined than r,¡hen tested i:tdividually.

"{s rnentioned prevÍously movement attached to the -r,se-tse fly trap

improved the catches for one species (Ibrris and l'4o:'rise A9/r9) "

Tirorsteinson (t958) reports ihat Tabanidae already entered the rrhelio-

thennal trap¡¡ r'¡hen it r+as bei:rg asseml¡led, Braeken (fçóO) reports that

traps equipped r+ith a movirig body r+ere more att-ractive to Tabanidae than

those v¡ith stationary silhouettes"

Ilater:_Lgls and. l.{ethods

Tv¡o exi:erj¡nents r,¡ere conducted.* fn ihe fir.si, eight identical

traps of the type described above (Chapter 2 B) were sei up in a r.¡ide

circle of abouL 2J m, in diameter" Each of four traps i'rere equipped

t+ith a cyli:rder, left sr^¡inging underneath the trap. Each of 'r,he for:r

other traps had. stationary cyli-nders su-spended. u¡rderneath, A trap i.rith
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a noving cylind-er ahrays alterna-r,ec1 r+ith one r¡hose c]¡finder r¡as

stationary, By ernpiyi-irg a1-1 t.raps tr"¡ice eight re-,o'ìicates l/ere obtained

for each iype of trap, Á.fter ihe firs'b collee1,ion the traps r+ere

rotated to reduce the effects of position (Figure /u).

Trr a second experjment seven traps uere used r+iì,h the followÍng

modifications of ihe suspended si-lhouettes:

1" One black sphereo about 2l crn" in dia¡neter, loose,

2u One si:nilar balloon bub siationary,

3u ûae sj¡ni1ar balloon but r,reigle'Led,

/+" One black loose cyJ-ind-er (ZZ x /u8,8 cm.),

5. One b'tack siationary cyli:rder {ZZ x 1uB.B cm")*

6. One blaclc loose plaque (51" x {8.8 cn").

7" One blacic stationary plaque (:lrx d8.8 crn.)"

The balloons and the cylind,ers had- abou'b equal surface areaso Due to

the action of tÌre pai,nt base on the rubbe:. of ihe ba1-l-oons the spheres

began leaking air i¿hen ex@sed to the ireat of the s-r,m, Howe.rer they

shrank at about equal rates. After the third reprication, the;, r^rere

replaced by plastic balloons of 22 cm, dianeter" These ,olastie

substitutes had a ZOfr lar"ger surface area than the ru-bber balloons anc1

-Lhe cylindersu However the change did noi seem to effect the catches

significantly" The posit'ìons of -bhe traps were interchanged after
each coJ-lection to conforrn to the requirements of a Lati:r sqì.rare desi-gn.

Resuj-ts and Di-scussion

In experiment 1 the traps r,¡ith 'bhe tethered. cylinders r,¡ere found

significantry rnore effective than the trai¡s r¿ith the loose c¡.rlinders



Figure /0, Arrangemeni and types of tra.cs used to study response

of black flies to inovement under ihe trap.
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{tatrIe rri. The 57i level of signifjcance is qu.ite lor¡ in vie,; of the

fact iha'f the stationari¡ t-r.ap i;otal-Ied. a j"J tines hi¿-he:: caicli tj:an the

¡nor¡i-ng trap. The cau-se of 'Ûire'lor+]eve-l of -"iEnifieance lies in t,he

bigh varíabil:.ty of the individr-raI rai,io¡;. This can be exp'laj_ned by

the fac',, tl:.at ihe blach flies ne::e active niost'l;v irr LÌle everrj-rg:

pa::ticu'lar1;v 5rr the las'u tr+o weclcs of JuJ-y 1Ç60 i.rlien tÌre expe::'irrien-bs

r+e='e eondu.c',:ed and ver¡r fer,¡ thu¡ojersto¡'rns occui.red. Since generaljy

tiie a'i,nosphere i¡ the evening is calrn, the loose c]rfj.nders clicl not

alr:ays sr¡/aÏ j-il the r+j-rrd ¡.vhen tìre ble,ck fljes -øere nost aciive. There-

fore the trvo kiniìs of trnps',rere differenl, onJ-;i wherr there r¡iâs sofie

r¿j-nd," rn -i;he second expe::in.enb i,he resul|,s frorn experÍrnent 1 r,¡ere

esseniial.l-y confirned (tab]-e 3) " Becar:-se of the high variability of

the caiches the original f-'Lgures r.,¡ere tr.ansfor,¡ied. to perceit-bages of

tl:e maxi¡r:¡r caLclt for= each of the seven individ-rral totals" Then these

pe:rcentages Ì,iere trarrsforrned io degrees fpercent.age (p) = sin?, Iiayes,

Imroer and -smith, (Ig55)J 
"

Traps equipped ¡..'ith roose and wei¿htecì spheres appear.ecì to be

mor.e attz'actir¡e in the fir:st replicatÍon brr-i: this r,.'as not confislned

j¡ the oi;her. r.eplicates. The loose ballçotr shor"¡ed onl;; s slow srvinging

rnotion and the ueigrrted balloon rrioved even less. The loose cyl5-rrcler sr;ialed

nore tlran the'loose bal-,1-oons but tÌre loose plaque s1^.¡t-u1Þ^ vi6fsnf,f}- ¿nçì

er:'atica.] ly in everr a slor¡ b::eeze* It is inleresting to note that -r,he

'Lotal cl.-ifferenees between t'he noving and staiionar"y cylincl-er.s r¡ere fess

than the d:fferences of the tr¡o placues, This is in acc.ordance r.¡.Lti:¡

the faet ihai move¡ient in generel carrseci smaller ca'r,ches. TÌ:erefor.e
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the plaque shor,;ing Llne greatest novemen-i; caught tlie fei+esì; fl ies. In

s!'ite of these resul-ts one is tenpted to specuJ_aì;e that the moving

silhouet-bes shotil-d ai;'cract blaclc flies nore from afar '¿han stationar¡r

fornrs" It is a uell- Imor.n fact that in naii-r.::e pred,ators generall¡r

discover mot'ing p"ey nore reaolily tharr stationary preyo ir'ore specificall5r

Sii:pei. and- Bror^¡-n (19fi) reported i;hat m.oving mice are more attractive than

Sta'r,ionari/ ones" If novenen'¿ is attrac'¿ive to black fl-ies as it is to

many oi;Ìrer anj¡ral-s of prey, then the mov5:rg silirouet'ce under=¡reath the

tra.p prevented the fl-:'-es frorn eniering the no-returrr cham.ber,



CI$TTER IV

]N\EST']G!.T:IOI\S OF TIil ETTTìCT OF S-i]Á?E

Eegiçlt -qf Lål,egeåwre.

It r':as meniior-red previou-sl)r that þbrris ancl I'br.ri s (tg+g) found

ihat i;he round. sides of a cylind-::ica1 trap r'rez'e better than flat sides.

TheS' ¿1uo had reasons to concl-ude that the dimensions tr.ro feet Iong,

tr.io and one-half feet high and seven inches r,¡ide r^¡ere more effective
-bhan tkrese dimensions doubled, the designers of the trap related the

most efficient shape and size to the bodl' ss¡¡ours of the natural host

ani¡r:als af the tse-tse fJ-y"

Sippel ancl Bror,rn (tçll) offered- tr+o cubes to caged rnosquiioes of

4ecþs ae"gyp:þ¿ and obserwed th.e landing ratio on both" One cube was

solidly b1ack, ihe other i'ras pairrted j¡ a bfack and *-hi'be checher boai:d

patier'n t.hus providing increased contours. In successive tests the

contours on the one eube r'¡er"e increased b)'decreasing the size of 'bhe

sq.uares. Thus ihe rel,ative amouni of blaclc and r+hite surface area llas

kept equal. The resu-lts shoired that the solidly- b1ack cube '¡as most

attractive. Arcng the black anä i,¡hite eubes, landing rat-ios increased

wi.th the -iengths of the contoLrrs"

The percepti-on oÍ shape r¡as also studied on some non-blood

sucking iiisects such as Ì'Í¡qcq doiaesi;.icg (Srnirnor.'and Chuvakkina, 1958) and

on bees (von Friseh, i-950), Srcirnol¡ report,s that guqc€ dollggtica r.ias

attracted nore to a sr.reet luse r+hen small- pieces of black paper on a uhite

bacllgror,r-nd l¡ere placed on the lure. Squaz'e pieces 1.¡ere rllore attractive
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Lhan yeea¿anguiar ones of i;he same su-::face area and broacl rectangles

rnore than long ones. He ccnciudes thai; the b'lack pieces sjmul-ated other

fl-ies already at'orac'bed to food- r^¡hich in trrrn j-ndu-ced more flìes to land"

von Frj-scb (1950) found thai bees can diff.'erentiate shape on the basis

of the rrdegree of brokennessrf of the figur"es, So1id patter'ns such as

a circle, a triangJ-e o" a square coul-d not be disti-nguished from each

other but they could be distj-nguished froru a cross or a Y" The cross

and the T agairi could not be differentiated fron each other b5'the bees"

Ua t e-r'_ig 1 s_ a ncl_ jÞ t_b_o de

A'Trle@
For the investigation of the relati'¡e attractiveness of tr+o

dj:nensional objects i+e used si¡r:iJar patter:ris as those used by von Frisch

(fg¡O) to study the perception of for.rn b5'bees" $5:x designs rlet:e madee

dividecl j:rto tr,+o categori-es: (1) solid patterns, (tr.iangle, circl.e and

square) and (2) broken patte::ns, (y, X and the outlj:re of a square

consisting of f our bars) , These patterns l¡ere rnade of corrugated card-

boar:d t¡ith the smooth side facing outu paintecl black ancl smeared with

tarrglefoot, TlieSr çsv*tarng up about tr.'o meters apart (nigure 5) ancl

interchanged. in position af'¿er each count so that the experi-¡aent coul-d be

analysed according to a Lati:r scuare d.esign. The individual counts for

each design llere very variabfe and i¡cluclec1 some zero val-ues" Therefore

the original data l,rere corverted by the f ormula y = \ffi and then

analyseo (Sned"ecor s 1956) .

B * LLqS_e Sige=nsåogê]=, pþjçc!Ë

Ïn tr+o experiments the for¡rs uere constrrlcted of corrugated
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cerdboard. again, paintecì black and smeared u'ith tanglefoot. T¡ the

fi:"st experiment a cube vras Used i,¡ith a surface area of 501ir,3 "0,"2, 
u

rectangle (area, 5023,8 crr"z) ancl a cyli:rcier (area, 5027.5 "*"2) " 
With

these srnall differences in su:'face area it lJaS assumed that anSr

d.ifference in the catches were due to shape" To hold up the forrris we

usecl the inseet trap which was stripped of canopy and no-return chanrber

for this purpose (n:-gure 6 ¿) " The positions of the forrns vere in'ber-

changecl af'ber each count, twelve tines in all' The three shapes were

compareCL twice in each of the si:r possible ar'rangements j¡ order to

reduce position effects. A second experi-ment i¿ii;h three djmensional

bod.ies r.ras conclucted. Again these i,iere fastened j:rto insect trap

skeletons and. smeared r,rith tanglefoot (Figure 6 g). The purpose of this

experiment r¡as rrraínJ-y to test for d.ifferences between vertical and

horizontal cyiínd.ers" The fol-lovi!:rg forms l¡ere tes'i,ed"

- - Foqp - . 
- - Hçjght- U-id9h 

-ê.+¡*Íacs-êLeå-
6jj:*.5 cw.Z

653r.5 em,2

6fir"5 
"*"2

'./]:59.2 eru.Z

.¡¡;59.2 crn,Z

25.9 ctt" 6515 cn ,2

I, Cyli:rder, vertical

2. Cyli::Cer, vertÍcal

3. Cylind.er, horizontal

lr. CyJ-ind.err verti cal

5, Cylind.er, horizontal

6. Rectangular box, vertical

lr9 cm,

/o9 c¡r'.

L,9 era..

bl. cir"

61 cm.

50 cm,

j2 cr¡.

32 cm"

J2 em.

30 cm"

30 crr,

The six bodies r,¡ere

afLer each count as

one ro1'r and i¡-Lerchanged in position

a latín square design"

arranged

required

IN

bv



Figwe ó" Amangercent and Types of Objects TJsed to Stucly
Differentiation of Three Di.nensiona'l Shapes by Black
-f''lLe s "

"4. Three djmensional objects

B, Three dimensj-onal objects, parbicuJ.ar'Iy ìrorizontal
and- vertlcal cylinders
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Res';l-ts and Diseu-ssíon

The resul-ts from the experiment l¡ith ti.¡o dj¡nensional objec'ts are

shol¡n in Figure 7. ït can be concluded -r,hat black flies are moï'e

attraeted by solid pai;terns anC that different patterns can only be

tecognLzed b;v i,heir lldegree of brokennessrln In the case of von Frischls

experimen'r,s the bees recognized i;heir or.rn hive on -uhe bases of the

above six ancl tr+o simil-ar patterns" They lrere not atti:aeted to thern

as the black fl-ies 1'Iere" Hor'rever, it can be conclud.ed- that blaclc flies

as r,¡eIl as bees can ciistinguiLsh between the tr'¡o tyoes of patterns.

Broken outlines present a greater optomotor stimulus than so1Íd figures,

Considered in this i,ray 'uhese observations confo:rri to the resuJ-ts obiai¡led

jn the s'cutly of stationary ancì. moving silhouettes"

lable IV gives the resul-ts of the erlper:jment wit,h the cube,

rectangle and cylinder. Again there \^ras a large variability r,iithin the

tr'¡elve replicaiions of each shape and the d.ata were again tr.ansformed

to degrees based on percen'Lages l:efore being analysed as a randoniized

bloclc design. The differences l¡ere not foi:nd. to be significant.

Table V gives the resul-ts obbai¡red for the third erperÍreent on

three dimensional objects. The statís'bical anal-ysÍs of resu-Its j:rd.icated

that the varicus shapes did no-,, differ significantly 5n attrae-bj-venessô

the flies landed at about equal rates on the squat cyli:rders r.ihe'¿her

they i+ere horizontal or ver'¡ical. Hourevez'there is a suggestj-on t,hat the

tal-} c;vl-Índers r"¡ere rnore atr.ractive i.¡hen f:resented j-n a ve:'tical as

eompared. t"rith a horizontal position although this diffez"ence ciid not

quite reach ihe fj-rze per cen-b level of statistical- significance" The¡e



Figure ?, Black fl¡r catehes on tr,¡o dimensional objects.

l,evel of significance for the dìfference of all

patterns = p O"A5

Solid patterns vs. brolçen patì;erns = p 0"01
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1ÄBÏ.8 IV

BLACK FLY CÂTCIES l1{ TF.ÅPS FI'IED r/,rITH TIT,EE DII.{]ÎNSIOIÏAL

SILHOUET'TES OF T}IE .SÀ}.ß SURFÁCE AF.E,{

Cube Rectangle Cyl5rder
28"9 x 28,9 cm" n 4.+"6 x 22,5 crn" ^ /r8.8 x 27 c'n,

Surfac-e area 501-1"3 cm"é-'Sr+gIege--egeg 5023,8-cmÍ -Sqrfqçq-atqa La4.5 ctn,
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Tå.BLE V

BLACK FtY CATCHES ]N TI.,APS FJTTED i;iITH HOR]ZO}MÄL Ai\D i/ffiT]C.{L

TT]RTE DII,IENSTONAL STLHOUETTES

Tall. C}rlfuder Squat Cylinder Rectangle/-oJ x JU cIn, ^ /o9 x 32 cnt. . 25"9 x 25.9 x 50 cm.t
Surface atea 7I59n2 cm"4 Surface ayea 653I,5 ctrt,4 Surface area 65!5 e''n,*

Veriical Horizontal Vertical Vertical Ho:'iz*
ontal

Vertical
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is a fairl-y large difference anons r'eplications of eaeh shape, suggesting

quiie large positional- d.lfferetrtes. ft is believed iha'r, r¿j-th lrore everl

counts a significant differelrce coul-c. har¡e been obtains6 bet',.'een verbical

and- horizon-ral c;'li-nders, lufany Tabanidae also becarue entangled on 'bhe

objects and they favoured ccnsistantly' arriÌ nLa::ked.ly the three hor:izonta'i

c5'linders, trhieh suploris the findings of Braclcen in his experS-nents of

ttris suuner (Personal comn'unications), îhe resul-ts of the experiments

r^¡ith t,hree d_imensional_ bodíes shor¡ some eonfornity to those r¿.ìth t.r,+o

di¡rensional bodies. In the latter the black flies recognized shape b¡'

the rrdegree of brolcennesstå of t,he contou¡rs" Shapes of similar ¡tdegrees

of brolcer:nessrå cor¡f-d not be differentiated. The three d:¡nensional bodies

have a ver)¡ sj-mi Lar ttð-egree of brolcennesstÌ of silhouette outline-



cH"q.PTin. v

EliP'ERIÌ,Ei'lT,S !'JITH COLOLffiD OBJECT'S .'iND A 1"r0NC0lf,0i''ifrTIC SilIlì-CE 0F LIGËT

Revieq of J,iiefgtl.tjle

the e¡l+l,;lr¡r''t'icr of eol-our vision i:r i:rsec-bs ls difficul.t because

j¡sec'bs may react differently to various intensities of colou-rs as -v¡ell-

as i;o differen'l, hues. To confuse the issue Ëioree i;here is an objec-birre

physical intensit)r of refl-ected lígìrt, r,rhieh may be measu::ed j:r foot

candles (ft,-e,) o" Ir:x ancl a subjec-bive o:: nhysÍologÍcal in-Lensit;r i,¡hich

is of-t en dif feren*,, for different insects because of Itdiffereniial r.¡ave

length absor.otion by tire photosensitive subsiance and othe:: p'ìg'r,ren-Ls tha-b

exist j¡ the retinarr (Dethier, 1950 f ro¡r ideiss, 7946) " Th'j s roeairs 'bhat

if an insect'ì:::efers blue over )¡eIlor¡ that this blu-e r,na¡' a,opea-r. of lor,¡ey'

ph)tsiofogical i-rrtensity to '¿he insec-i, and ii -prefers the lo,¡er i:rtensiiy
yai"her than the colour. Thus to give proof that an insec'b can dis-binguisì:r

colours, the tesi colours have to eoÞear ui'r,h equal bril-liance to ihe

insect" Von Frisch v¡as the first to shoi,¡ that at least one i:rsee'bu the

honey bee coul-d drs-binguisir col-ou-cs. He tra'înecl the bees to come to a

source of food on a blue subs'Lr:ate, Then he placed ihe blue ín the forn

of a snal] square among man;r gracted shades of grey bet',.¡een blacli and, l¡hii,e

in a checicer board d.esign" The bees ignored. all gre¡' squares anc,i gathered.

at the blue one (Dethj-er, 7953 'irom von Frisch, 1914) " Had -r,he;ø been

a'bi;rac'bed by a certain intensiiy, they i+ould- have confused the blue

col-our i¿ith one or more greys simjl-ar to it in reflectance" The bees

couJd not dis'binguish betr.¡een yelloi,r orange and yel'lol.{r green anci blue



violet and b-lue purple, they could not distinguish red, frort gre¿r at

ec,u-al reflec-Lance" Su-bsequently it, l'¡¿,,s sirov-m ihat many j:rsec-ts can

perceive lighir ti:rough the spectral range 2fi7 L - ?OOO .8. ,L11 these

r,ravelengihs are not eo,ualJ-¡' s-bimulat.ing, For nost insects tlre regions

of blue-blue-green and uli;ravÍolet are the nost effective (i'Jei-ss, I9&3) 
"

Bertholf (tg3l, arbreo and I932t reviei,¡ed by l,,leiss, !913) establishecl a

spectral sensitivity curve íor Apis sp, and. D::osopþ!!gu Iie Ceiermined.

the intensity of a certain r^iavelengih r,¡liicir was equ-ally effecbive as a

fjxed intensity of l,+hii,e (I,ieiss, l9#). Tlro rnaxj:na i¿ere shor,¡'n for

Ðqoqo¡ìrila, ul-iravío1ei light being -Lhe nost effec't,ive"

Davies, (fç¡f) s'bud"ied 'bhe attrac'bion of black flies to various

colowed clo';hs" He used black as a coir-brol and compared the landing

ratio f#rå#**tff)i:rdiviauall¡, ¡o" each colou-r', He founcl bi:at ihe

attz'aci;iveness decreasecl from dark blue, dark brot.tr, d.a:'l< green, dark

red to neclit¡r gra;" anC i^¡hite" Tìre highes-b ref-l-ectance ratio corresponded

to the lor¡es'L landing ratio" Colours refl-ecting the higiresi intensi-t;r

betueen 400-660 m , i"e, j¡ the blues r,¡ere founcl iaost at-r,ractj-ve,

],þteriAls andrJe'Lho,å s

In 1-959s coloured s.cheres of equal dinensfons were hung up in

one line on a s.bring and pain'bed r,rith tanglefoot (figure I A)" B1ack

fl-ies land.ing on the bal-loons beea::re entanglecl in tire sticlcy slrbstance

and coul-d thus be counted.

In 1Çó0, coloured bal-'loons were susÌlended from underneath the

iraps described in Chapiey 2 B, replacing the cylilde:'s{Figu.re I B).



Figure 8" A" Coloured. balloons, smeared r+iiJr tree tanglefoot
used. to conpare the attrac'Liveness of coloused
objec'l,s to blach flies.

Tra¡. r¡ith colowed l:aI-l-oon 'bo investigate the
response of blaclc flies to ¿ol-oi-¡red objecis,

DÐo
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The trap had a black canoily and a no-return chamber contajning cyanide,

j,herefore, the only diffeïence bet'¡een the 'i,r.aps v¡ere the coloured

bal-l-oons, Tn L959 it r+as es'LablisheCL ihaÌ, an objectr in 'i;hat cåse aÌ:,lael<

cylincì-er oz''tub, clid. increase 'r,he eff ieiency of the trap, Apparen'il_)., the

j:rsect r¡as aiiracted to'r,he object unclerneath the trap" Tt r,¡as frequent"ly

ol¡serr¡ed. that, the insecis land.ed. on this silhouette, Then't,he f1y vias

attractecl by the light shining through the no-z.etur.n chamber a-þove and.

it crawled up 5:rto this chanber. It r.¡as pos'l,ui-atecl'uhat the more i¡sects

'.,¡e::e attracted to aligtr-b on the coloured balloons, ',,he mol:e efficient
t^¡oul-d be tl:e l;rap" Thus the si ze of the catell of a trap uoul_d provide

an estimate of the response of the blacli flies to the vari-ous color:yed.

ba]-loons. Each ì;irne the traps nere enp-i,iecl, the bal-loons were inier'-

changed Í-n position, so ihat the data coul-d be anal¡'sed- according tc a

f,atin sqllal:e desigE" The foltor^ii:rg table shol¡s 'L,he character"istics of

the colours used" in i;his ex-oerimen',,s

elaçe_ Jfgg_Sggen Jellø¿ __Qreeåa_ Eed Ehå,!ç-

5Ø 1188.5 51þ3 577 "5 593"8 672.5 574 Donj-irant l,,lavelength in Ii
L9 "38 1l-"? 66.99 1,92-5 3I3,9 224.,6 835 "g Total reflect¿rnce of all

l',lavelength refative to
ì'iagnesirue oxide i.¡hite

Each cf these seven colours i¿as a'l so a.opl-ied- tc t'.^¡o i,¡ooden sticks (z x z x JO crn")

One set of sticks t¡aË slr-spended fro¡n one end into ihe cuy¡:ent of the

hrhiteshell River. Thus they i+ere hanging aimost horizontally on the r¿atey'

{nigure 9 A) " Tire oti:er set of sti-c},;s r.¡as r:l-aced unri3hi into the cur::ent

su-binerged f o;' abou-t one-thiL:d. of 't,heir I engt,hs and supporied by a su-bmerged
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boarC. (Flgure 9 B) " At j:iterval-s of 3 t'o !3 cì,ays -r,Ì:re del;osii;ed eggs

1.¡ei:e scraped a'fîu air: dr'ied u¡¿ i¡eigheä. Äi each coi::rt the posi't,ioi:s of

the coloureci sticks l.'ierÊ interchanged- Ì;o ccnforn to i;he requireineni,s of

a Latin Souale d-esign.

To obtain d-ata on the spect¡'al- sensi'civity of blsck f'ìies a

ca8e \!Es used- r¡Lrj-ch iras ori-ginal];r clesigned b3r Kri.jgsr"iian {1930) to stuily

responses of flies to odou:'s (Figure 1-O). Two microscope l-amps r,rith

r'¡hite frost,eo 150 ua'L'c bulbs r.rere placedr one at each enci of the cage"

The light from each rrricroseope lånp \.Ias clj--¡ected -Lhrough a ir-ap rnad-e

from plas'¿ic ancl 31ass. ir'hnochronatic filters '',^Ieire fit-beci i;o i;he lantps*

The intensit;r of the Ii-ght '.+as::egula-r,ed by neens of tr,io rlieostaÌ;s, The

light i¡tensities llere rrleasured- r.¡ith a i'Ies'bon ï,igì:trneter (løO.el 756) far

eacli r?reosi,al, seti,ing usec1, Each expe-r'-inient r.Ias repeated three tj:nes"

The teniperature at the entrance froni the cage io ihe trap funne-L r"ernained

i+j-r,hi:r lc0, the same for all- f i-l--Lers used" Fifty to one hundrecl or" mot:e

male and feimle fl j.es r.:err r-i,.:r:d- in the exl.lerim.en'ls" ?rel-i¡ninarSr sxpsr"iments

shoi¿ed that na]e and. fernale flies reacted si._mi1-ari-y, The fl-ies had been

hatched from pu"nae co1lected in the t'Jhiteshell- River. fd.entification of

a samo'ì e shor.+ec1 tkra t the¡' riere $þg!!gg yitj,-qjg.

Resr-rl-i;s anil Discussion

Fig,r-¡ç 1l- shot.rs the capiures of

the colorcred- bal i"oons on "{ugu-s't, I3*I&t

black, blu-e and recl r.¡e:'e preferred- in

green i¿ere a}noçi ignored.

black fl ies i¡ f our coL:nts on

1959. It is qr-ii.i,e obviot-ls that

that orde.r:, r"aþifs yelJ-oi,i and



Figure 10, Âpparatus tc. Test Âttr¿ictiveiress of Light of

Various 1,'Iavelengths r;o BlacJc Flies





Figwe 1J-, Blaek Flies Captur"ed on Colonred Balloons
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The yesu-]-ts af the expe::iment r.¡he::'e the eol-ot¡recl balloons l..TerÊ

tied unclert.eaLh-i;he traps are given in Tabfe Vr" The variability of the

c'ia'ca cioes not permit drar,ling conelusions as tc i;he d.iffer"errces jn the

ai'r,rae4.iveness anong the ccl-ours"

Hor,¡ever the ovipositi-on on ccloured pieces of r+ooC tias qu.ite

good. Figure l-2 il-lustr"ates the r.reight in rnj-1-'l.igrams of the dried egg

masses oviposiì;ed on the i¡dividual pieees of r,¡ood, Á.f'ter six counis,

r..¡hite r¿as substituied for blaclc for.' the seventh couni on both the

verl;ical anrì suspended pieces (Table Vll-).

In general- i;he black fl-ic-:s laid eggs on the sticks cof,oureci

yellou and greerr (Figffie l-2) " It r+as ofi;en observeci that black flíes

laid eggs very J-ate j;i the evening, even at, light intensities belor"r the

serrsitj-vit;; of the 1íght meter t^¡hen it r,ras difficult to obse::ve t}:e flies*

I'L is possible tha-b the5r selectecl the colours appearing the brightest to

them because bhe5i cou].d see then in the dim light and against iÌre baek-

ground of the dark rj-ver becl,. The species irrr¡o'lved r,¡ere presuned to be

Ë. g.i!.f4-@å Ëi, deqe_fw ancì $" lle4qsluli because tÌ:ese r¡ere tbe s1æcíes

car:ght i¡ the traps during the course of 'che experiment,

The resuJ-ts on the spectrosensitivity daia clemonstrated that

blaclç flies uere most sensitive to tire wavelengths 380-5EA ^þ(taU1e V]IT),

l{o great difference v¡as found. r"¡ithi-n these naveJ-engths. The blue reg5-on

from /r00-480 n¡* atiracted two black flies at a l-ol¡er intensity (belorr

sensitivity of the lÍght rneter) than the other colours. In the orange

range 560-8A my and again i¡ i;he region from 590*660 n¡u higher

intensi'Lies i,rere required, Fo:: orange r"¡e needed" 7 ft,,-c" to d.rar,r the
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Figure 12" Oviposition Ðn Coloured, I''Iooden Sticlis
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TIiBTE VII

IIEIGIIT 0F AIR-DRÏED EGG,S IN i'iG" OVIPO,$ITID 0¡i COL0ÜLEÐ STICäse I'JI{Ë¡T

r,',rlIJTE HUBST'ITLITED BtiLC K

=-:ry

Blue Red Orange Green Yel1ot¡ White

Suspended

VertÍca1

Total

/+7.85

0"0

156"55

0,0

83 "L'*

118,1

203"1

10"0

1)

0.0

0,0

0"0

/+7 "8 r"2 0"0 l_56.55 20!.5 213,1

# Âlgae l¡ere intemJoven røith eggs,

and r+eighed,

Many of the eggs couJ-d not be separated
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ï,iTEi'í,5iTIE.S ;iT'rirHICH BL,Ê.ÛT( FLTES r;m5 ÂTTF.j|C1'ûD T0 A" üERTÂii\l 1'rÄI/T LEi{GTH

Fil-ier lrto. l,iave Length Foot CandLes No, of Flies 5ri Trap
and _Qo_tqUr

1, Blue ]9}*/alO æ'Vt

t5 t5

0
0
t
¿

3,5
6

10

0
0
2

¿
7
5
I

2" Blue Å.O0*/+5O *Vt 0
0
0
rìÂ
2

l'J

I
/*

o
6

U

I
I
I
t¡J

6

railô

0
0
I
(f

ra.5
L6

3" Blue /,a0-48Ð

0
q

l_0

9
Ã

I

0
I
a)
O

9
T7

/n, Bl-ue M5^505

5, Green Ç]a^fio ry U

2

10
1,8

3O

0
)
5

6
6

v
9

,/^
¿Þ\J

6" Green /185-550 +t1tl 0/ 
a.5
J
o

10

0
l-
6
5

4
18 13

Continued sn next page,



Conti:ru-ecl * Ta.ble VIIï

Filter No"
and Colorrr

ì.tave l,enÊ'ri:i Foot Canôles TTo. of Flies :tt !:'t;t

0
.>

l"
Ã

E

6
t-3

CI

I

6
J-U

L6
26

7, Green 52A-58A lT '-/e

0
1
U
a
-L

J

lv

L

)
7

L3
22
?'l

45
ÐJ-

7o,

8. Qrange 565^æa .a',,LL

9. Red 590-66A.na

l-0" Red 620-680 nw/+

50
ñõt)
aq

1tÉ.L))

r/u
2l_Ð
)4n*--Æ¿:-*_
100
130
L70
220
)n^
320

U

0
?

)
a
I;

0
l_

2
0
l_

1

1l-. Red 6LA-ZaO z*z*t 110
J-J)
1?0
¿UU

U

l_

U

0

12" Red 66o*7&a "+/L 45
4n

60
75

0
0
0
0
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first fly 5:rto the funnel and 95 fL"-c* fÕr the red {Sça-æA r,/}" For
-blre r':avel-engrhs ousy (,/.C * 7A0 !V& tjr\Cl vpe intensj_.L.ies coiil_ci, no1; be

inc::eased, enorr-gh ic at'¿ract more ti:rarr one i.nsect"

It can be conel-uded-bhat in tlre Trravelenrith range from J8O-7Å.a m7*

braelc flies r,¡ere rnost at-bracted t,o light in the blue ancj b"rue-green

region, i.e. 380-58O nyu-"

In a second ser.ies of expe::j_ments the fU_es tjere e>íIjoseci io tr^¡o

soli.Tceß of mr:nochronatie light, one at each trap simultaneousl,v" In

eacJ: e>lperinent the 'iirht solrrce aL ane trap i,ias kept ccnst¿in'b in iÌr.e

r¡ave'length range 3ffi*LlO nt¡t- al 5 îoot" candles. The light sou-rce a.b the

other -brap r,¡as va,riecì throu-gh var.ic-tis i,lave lengf,h bands," frc,n 4OO io
66O nV4 an<i at different intensitjes. Table IXshor¿sthe results, TI:e

stancl-aril blu"e (3Bo-L3a nyt3 5 ft,,*c,) r.ra,s aoï"e aì;t::ac,¿ive t|arr the

lonr¿er bl-u-e r.;ave j_engi;h in ihe taTrge /ÐA-|,O5 mf ,

.an attempt, '.,¡as mad,e io r¡i;j3,ize the effec-bíveness of blue light
to attraci b.lacle flies j-nio the no-return cha¡dre¡ of bhe trap in gre

fiel-d" The lÍds of the chambe::s rr¡êre pâin-Leci'.,rith four col-ou,::s, bu-i

tl:e ljds uere "l-eft soner,¡hat -bransparen-'c,. B1ue, rec, yeilor+ and i+hiie

ïIere coapared to -r-,he eontrol, lrhich r,.¡as'left clear', In ihis r{a}r the

fl-ies'l,hai enÌ;ered tlie space be_l-or¡ the canopy uere exposed_ to fiji;er-ed

light from above" It '.'¡as expected tliat tÌre mor.e attracíive l,rave lengihs,

as deter"mined- Ín the cage experinen-i;s j-n the laborator"y, shoul-d have lecr

rnore fl-ies u-pr+ald into the no-return char¡ber:. A Latin Square desi6¡r

1dås €lïip,reyefl" The resul-ts j:rd"icated, no cl.ìf-ference in the nu¡rbers of

black fJ-ies captr-ired,,
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BLÄCI{ FL]ES

itTo, of flies Constan",, 1Ìo, of fl-ies Va-i:ious Foo-¡, l,ío- of flies
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DfUBllliL .{CTIVITY STIDT

nevfer¡,gg Lite-l:Flugg

The daily aeÌ;ivity of bl-acic flies has been studied by Davies

(f952), The stucly uas macle on g" venurstulq because thi-s species mac'le

up about gof" of the popu-l-ation in Davíests experjrnen-bal- a1eâ' DavÍes

diffe::entiatecl for:r types of activities: fl,vi::g, attz'action, 'ìanflipg

anri biting" Iíe fou:rd. ihat the early norning temperai;ure and light

intensity deternj:'led the beginning of flying ac'civiiy for the day" Fer'r

flies weïe on the '.¡i¡B belol¡ 275 anrl above 1ó00 foot cendles, l+ith a

peak at 500 to ?00 ft"-c. A,ciivity r+as lor,¡ belol¡ 6OoF", Ìrigh at óOoF" to

8OoF. l,lind speeds above f5 m.!"h,. curtaileci flying conside::ab'1Y¡ bu'¿ at

r.rind- speeds belor,l one mi'te per hour flying t'ias ai a peak" Changes of

ai;mospiie::ie pressure also infi-uenced- activity" A high rate of change of

atmospheric pressureu especial-ly r.rhen falJ-ing, colncided trith hÍgh flj-ght

ac'bivity r,¡hile a loi..r .r:a-be oí cirange coitie-jded r.¡ith little flying.

Acco::ciing to Davies, hurïidities of 'lO to gOiL and similar'l¡; lotor to zero

rates of eva¡-rsyation, urr'less accompanied b}r loli early morn5:ig ienperatures,

also favoireci flying, The lanc,.rng acj-'ivit)' t'les inversely co:rre]ated' v¡íth

condi'',,ions that favoured flyÍng ectÍvity, 'tJhile more bl-ack fl ies i,¡ere

on ihe i,ring at teml:erati:res of 7Q lo 80oF. and, at rapidl¡r changing,

esFrecial'1 )' fafling preìssLtr€s, landíng rates r',e:l'e l-o1¡.

Anoiher investigatcr of ihe same surnemee Davies (lgSZ) couJ-d

not, relate b]ack fl¡r aetivity to particular ternperatures (except extremes)
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and- hu¡nidíties, bu-t the tilie of da¡r, clegree of cloucliness ancÌ r.,inci speeds

r"¡ere the imloz'tant íactor.s, l,ialfe an¿l ?eterson (l_9óo) chose four
locations and observeðr z[ or /*t hour activi.b;v periods at each" They

recorci-ed i;he fancl.ing rate an a.r! lg i¡ch squåre piece of bliie serge c1oth,
the biting rate on the observerrs forearu and. the flying ra.be by the

nu¡nber eolfec1;ed i:r a cer'caj¡ nunber of sl+eeps arou:.id each obser.ver,

TheSt ¿oo¡ measuJîelnents every hour of a'bnosplier"ic pressur-e, rai¡fal-¡,
maxj:nun and mininu¡n tentrerature, relative hu¡nidity, r,rinCL clirectÍon and

velocit)t ancl degree of cioudiness" The species involved r.¡as again

Ê' JçEue-t$.. These r¡orkers founcr. tha-i:, ac'i;ivity siarted. one rrour before
sun:'ise ancl encled- one hour after sunset i¡ the forested ::egicrn" Fligþt
ac'biviby began one l:our earl-ier and encl-ed- one hour la-i;er.in an exposed

area, The bi-r,ing ratio i¿¿o þigher j¡ ihe fo::ested.areaê Activity
shoi'.'eci a bjmoclal, äiurnal rJ:rybhn r.¡ith the evening peak larger ihan ihe
one j¡ the morning" These pearrs occurred at lÍp;ht intensities beJor,¡

25 ft,.-c, Flíght d.eereased',¡ith i.¡inds over tr+s pilç5 per hour. A peak

occurred during the day i,¡hen a tÌir-u1¿ç¡"¿onn passed over. the ar.ea and

favou:red higher aciÍvit;.' by decreasecr iigrrt inteirsii;y anä fallÍngr
pressure. i'iolfe ancl- Pei;erson concluded, 'iha-b light intensity control_l-ed

flyi:rg rnore ihan any o'r,Ìrer meteororogical_ faci;or i¡hen the yer-at,ive

htnridit;, lres oveï JCflca tenpe::ature ol¡er Å,j"F. and üre i,rind_ speed r_ess

than tuo ¡ril.es per hour"

I'b'i;Crjq1s and .tqiçJJioC s

-ln 7959 s during seven days ancì

.I¡ihiteshel-l- 
Forest Reserveu tr¡o j¡secL

at tr+o sirnílar' 'jocations i:i the

traps r.,¡Fjl:e emÐiieCr every tr".¡o hou:,s"
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The general- r,¡eathe1, ÞÌc-uure for each t.;o hourr interval l,ras reecf.ded. ancl

ïleasllreinentS of Lhre l-ighi :i-n',,ensity r¿ere ialten just af'r,er i,he traps

r.lere emptied-, tbser"vations l"Jere made at various j:rterval-s fron 'Tu15¡ 23

to Septernbey /*. The ternperature alone uas recordeC on Jua¡ 23. 0n the

oLher days a hyg'r.ct,her=mograph recorded boih ternperaiu:'e ancl" hurnidity"

The catcl:ies of i:oth traps l/.¡ere combined. for each tvo hour inierval-" The

traps,.,¡ere eraptied in each case rihe previou-s nightu so that the first

roo::ning ccl-lection represented the fl5-ght from dalrn of that da.y. there

1.ras some possibiliiy of continued. fl-iglit on Ju];r 30th after Ç p"m. bu"t

an early morr.ring colJecl,ion of the traps after Augtist 5th ancl 25th shor'¡ed

ihat only three flies haC ent.erecl -Lhe traps fro-rr 9 p"mo in ihe evening to

? a,irn on the next mo:'ning, 0n.August 13th it, r"¡as ¡'aìning very heavily

at ? p.m. and continued till 3 a.rû" on the next morning. Since there is

no flight activiiy 5n heavy ra5:iu no adoiiional flies coul-d have entered.

i;he tr'ap on thai evening. idhen the trap i^ras ernpti.ed- on JuJ-y 23td a'ç

LA"15 p.m" the light neter reaCLinE l".Ias zero and fJ-ight activity had

ceased." In each case the total eatch l,Jas converted to percentages of -Lhe

d-ayts maxi:num, This prerrented" seasonal- variations jrr abu-:ndance frcm

obscuring'r,he met,eorologi.s¿1 effects.

Rç s-ul :E; and ljtsc_u.,ssig.n

In Figure L3 A-G the percent'ages of black fl-ies caugh-r, are pJ-oited

agaS:rst the tirire of da]r. A. nor"ning and evening peak is apparent on some

d,ays but in general the morning peak is la.rger ihan the evening peak

{Figu-re 13 ancl 14) " 0n -l,hree da;vs the tiir:e of naxinal flight ¡¡Isrs '11 aeTnèe

l and 3 purn. respec-bive1;r, Tliis indicates that peaks occltr r,Jrenever a



Figure 13" The diurnal rhythn of black f1y activit¡i plotted

againsi; the time of Cal', relatj"ve huraidíty anc-L

temperature,

A, Jttfy 23

B* July 30

C " Augu,st 5
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Figure 1J" The diu:'nal- rhythm of black fJ-y activi-r,y plotted

agains'b the 'birne of dayn relative hrur:rdity ancl

ten'peraiure " (contÍnued )

D. Àugrrst 13

E. August 18-19

3'" Äuæ-st 25

G o $eptember /¡
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Fi,gwe L4* Àverage percenf, of fl-ies caught over six days

plotted agaínst the ti¡le of day"
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co¡obirration of ¡reteorological factors Ís most favo::rable' Àpparently

fJ-ight is noi governed -bi' a fixed- end-ogenous chronone'uer"

trn Figure 13 A-Ge ihe nu¡nbers of blaci< flies a::e plçf,ied- against

the tlne of da;r, ì;he tenperaiure and relative hutid-ity" In Figure lJ ts

on Ju-1-y 3)t'he a large peak occu-rred j-n -r,he period from 7 t"o 9 a.ttv"

r,rith a relative hurn-idity oî 8O"/" but the::e Ìias no flight before 7 anm.

although it i¿as cal-m and clear r¡ith a light intensity oi /r5O ft.-c"

0n other oceasions flight occu-rred. a'r, this i;emperature and- light

intensi-ry" Therefore, ',,he high relative humidíty (979) mu.s'b have been

the ljmíting fac'bo:". Theve I'Ies a s¡na-l-l peak f-t"om 11 a,rn" to 1p,m,

',¡hen soine heavSr rain clouds pa-",secj. b)'o

0n Au3r-r-sl, 5th (Figure 13 C) the peak occurued i-n the evening iohen

it r+as overcas-b and tr-igl:t jntensitíes ranged betr..¡een 30 and 92OO ft.-e"

r¡ith ve:'y l-ittle l¡i¡d in the rnor"ning anrj- evening. Temperatures and

relati-ve iru¡aid-Íties r,Iere simil-ar but betr'¡een 7 and 11 a,m, fJ-ight r,ras

red.nceri. b;'light intensÍtíes ranging fror:n 5500 to 10000 ft"-c" OnJ-y a

l-ight v¡ind i+as observed. ín the morning and iì; i+as ealm in -r,he evening.

Therefo-¡e, -r,he high light intensÍties seemed to be the limiting fac'hor

jn the morning and perhaps the r¡.ind to some extent,

0n Augu-s'b 13th (Figure 13 U) ttre peak occurred from I t'a 3 p"m.

i,Íith quite high catches in the fou:' hours b'efore and b¡o hours after.

Relative hu¡ridi-Lies anrf ie¡nperaiures never reached levels io cur'uail

flying seriousl)r on this ciaie, Tt i¿as cal:n during'uhe peak i:e::iod and

o''¡ercast r'iith lighi inr,ensi-uies rangi::g u-p to only' ?00 ft"-e" Tl:e

l-ol¡e:: peak i:t ihe perio]L 3 - 5 p.m, m¡l;ú be related to -çl:e l-ieht rai:r
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that occu.med during this periocì" "{t 5 p.m, light intensities inereased"

to 1700 î.1,,-c, and it becarne breezy, ex-plaini-r:g aì,'ìeast in pa::t the

1*r+ catch durinú the earl-;r eveni:rg- From 7 to 9 p.m." again tlte high

rel"aicive hurrudity plus some rain pr-evenied a hígh fli.ghi ac-bivii;y"

0n.åugu-st 18th (figure l-3 E) it r¡as i;jnd;r anc'l suriny u:rtil- 2 p.mu

anCL t.lre ligh'b intensit;' renrained ovet 23AA ft,-c. untif L p"ro, Betr.¡een

/* anci 6 p"m.. J-ight ini;ensii;ies d-r"opped- to 720 ft"-c., but it beear,re

l+indy agai-n. Then be'r,rveen 6 anrJ I p"rn. flíght, conilitions progressìvely

inpr"oved: lighi ini:errsit'ies Ì'.rere ab,out 300 ft"-c. l¡tr-t ihe ',ri-nd d-id not

calm äo'..'n r:¡i,iI after I p,m" a'llor,ring only a slighi; rise bet¡..¡een 6-8 p"n.

The very large peak captLr-re r"¡heri ì;he 'Lralrs -r"'ere emptied. on the norning

of Augus-,, 19 (Figure 13 E) probab,l¡' inc-rud-es fl-j-es ac'cive afi;er I p.rn",

.A.ugust 1S and befor'e I a.m, Àr-rgu-st 19, Ðurir:13'uhis period ienrperaiure

and '".¡ind aircl fo:: part, of the tiine ihe lii¡¡j.ili'i;.¡i i.'sys al-i- at levels-birat

favour fJ--íght by bÌre cri-i;eri¿¡ of Davies (7952) 
"

TÌ:e hi3h anC lor¡ catcires on Augu,st 25i,h anci Sept.ereber L'çh can

i:e e,'rplained sj:irilar3-y (nigut:e IJ Fu G) 
"

0n ihe aver¿ìgee the highest catch oÍ the d-a¡' lros obta'ìned under

the fol-l-orrrng meteorc'logical- coirclitionsc ?OoF.e 75iå reLative hu:nid,ity,

light interrsil;jes ranging f::om 6S¿*1"çZA f'úo*s"¡ little or: no ::'ai:r and

litble o-Jî no r.:i::d"

These resr:'lts agree cuite cicse"ìJ/ r¡iih tìrose of Davies (1952).

i'io'lfe an<i Pei:erson (1960) on the other: hanrl obserr¡ecj peaks of fl,ight

activi',,y in the morning anc'i a highe:: one in 'lhe e"venj.::rg at ligh',,

j¡i;ensi-Lies of less ihan 25 ft,.-a,, ånd r,¡inci. sl:eeiì-s of less-i;han 1"5 ¡a.p"h"



r/1n

tu,r resu.l"1,s shol.¡ed.ì:ha,c L:leek flies r¡e::e fJying nost a.t an;i tirire during

the da;,- -r.:hen conditions r,¡e:..e Íavouraj:le* Ori the ar¡er¿ìge mosi fj-ies

r.Iere actir¡e beil¡een 7 and. 9 a,n. (Figure t-4.) "

'¡io-l-fe and Peterson (19óO) measu-red ihe light interrsiì:y as it r+as

reflectec íron a grey Ì:oard i:rsteac of a r"¡Ìrite one u-sed by Davies. The

present au-r,Ìlol' hel.C the J-ight iarget parall eJ- -i:o the sky anr:Ì recorcl-ed

ihe roaximtur read-ing, These differenees i:r netllods of ¡¡reasu.re¡:ent

possibl;; e:çplain -r,he variaiions in the light interrsities optirlal foz'

fl.i.ghu observed by the fcur authors.

ïn regarcf i;o the j.nfl-uenee of J-i-ght on br-acr: fi;v activit¡r it
ma)' be recallect frora an earlier seciion ürat egg cl"eFositj-on 1.ras observecì

at remarkabl;r 1or,r lig.-hi; i:rtensi-bies.
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Tn each crf three .J-ocet-i"ons one r?,geâsonal acl,Ívi'L,r:¡! -i,l';lp l,ras sÊi:

u-F tc loolr.j-¿',cr seesoral- ab'L::tcl-ance" Ii i.ras l-e-fÌ; tlnchangeC i¡iiir ihe

çlîcejrtj,on tl'iat c*raiticJ,e ,,¡as ad,cled s-bariing ea-rly in ine season (see

Ohap+,çv 2 B), One t::ap roras l-oeated near La Sal-le, I'hni-toba on the

banlçs of ihe La Sal-Ie River"" Ai; this 1.oca1-i'c;;r the river i:rns over a

concrete clan on ihe -l-eer,:arô sicle of vhich are roany rocks anr-l s'r,ones,

Tl:e La Salle R.ì ver f'ìs'".'g at, o,uite a l6r.'¡ speeci anr'l ca.::ries rll]ch s-i'l-u,

Bu-t ¡ruch of it seii'Ìes *r¡-t, above ì:i:e d,ai¡r and then ih.e r.¡ate:: rttrs

sr,¡ifi;l"y over" the barrier" Until- ihe ea::ly parL of Ju-11,- a ver;,high

l-arval and pupal popul.ati-on was fou.¡rd ai i;his iocaii;y" T],e C-¿:r a!ï:tìrlïcd-

blach u'i.th larvae. La'cer on l+ater flc-.i t:es nru-ch redli-ced anäthe

temperaL,urrrê of the '.¡e.ter hacl. alread¡' renclrec: 2ó"6"C" The l-art¡al

FoÍ:ulatj.on d"ecl-j-ned rapici'l;r f::on then on.

The other t,r'¡o sea-sonal trai:s !,,e-Ì:e locåied in the l¡ihi-''L,eshe-l-l-

Fo::est ReseL:ve along L,ire Cerrj:r'al'rlÌ:iteshel-1 Lake Road, nerr iihj-'be Lal',e"

Abou-'b one anä one-half ¡iiie s south-east of t,lir: i;::'ap site of ühi-te Lr-'ire.*

the Ul:-'.tesiiel-1. ::i-ver flo..¡ed 'ii-rL:o'.r5h -r':llirjs i irere 't,he l-arv¡.1- po1'":J.e.-i,ion

i'ias high fl11'e'¡r-gli:cu-b tÌ:'e year" One i::ap r¡¿:s i:l-aceä in',1¡e open on a flat

treel-ess piot, the o''¿he:: in i,ense b"er¡-+h.',.¡here i'L'..res shad"':r,j a17 ð.a!'g abau:L

35 feei" Í:rora the ecl-ge of i,iie forest"
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The 'i;::ap eatc!¡es (fígu:"er I5J at La Sall,e coincide closel¡r r,¡!-1,11

i;}re la::val popul-ation at the clain, Up to T:ny iLu no cyanide r¡as used

in the no-retu:'n chamber" The catches up io this date r,,ou.].cl likei-}2

har;e been'L,l:r,'ee times as iarge if cyanide had been u-secÌ (see Chapter

2 B) , The peak of activity occurred on ^t¡tay 33-" Figure 15 shor,rs the

species taken at La -salle in the tran and identifications fron im¡cature

stages collected i:r thre river" It is quite signifj-cant'r,hat on])¡ from

the species ggg.gþi€ d.a-cqtel¡sjq r^/ere bo-r,li rnales anci fenales cap'oured in

the t::ap" This specìess in conirast to a1l. otlrers co'll,ected at La Salle

and. j:r the iihiteshel-l Forest, does not feed on blood, Thereíore, the

behaviout' of 'the males of blood su,cking species rnust be d j-ff erent fron

those of non-blooci sucl;jng species. AJ-so for¡nd. t.rer.e S!mg!!g ]l.en-l]S!!{,e

s, qillratuü and s, dcç-oål,r, The resu.lts f::om the """;;*.i,-r*o uuru

j¡ the i^lhiteshell Forest Reserve are illustrated ín Figure 1ó. Agafn

no cyanide Ì"ras useC -until Jrme 3rd. Catelies ruou.]-d. 1i-ke13' have been tÌrree

tirnes as large until- that date if cyanide had been u_sed " The peak of

activÍt5r occurred on June lj" Trap catches r.¡ere ver¡r mucli redu-cecl

ccmpared "¡ith l-959, t'rhen duri-ng JuJ¡r ¿n6 Au-gust, 2A-5O or moïe black

flies pe-r" daSr r.iere Írequentl¡r co]lected. Even as late âs on Septeniber

l+2 I959s 4,S flies r¡.rer€ captu¡ed- at ihe same localit;' i-n one trap. The

cl-esign of thÍs trar: r.¡as very similar to the one used j¡ f96o except no

cyanide r+as useci, r¿hich t'¡oul-d have j:rcreased. tÌ:e catches even moreø

Dar¡ies (1951) l,'rites tnat bl-ack fI¡z adul-ts live fo-r about three r¡eeks"

Tl:Le su¡sler !96a r,ra s quite hot and dry {Record.s of the i.rreteorological



Figu.re 15, Seasonal ai:u¡dance of blacl< f1j-es near La Salles

l&nii;oba, l-960. .Adu1t, and irnnatrire species taken

near la -(al-l-ep I.Íani'¡,oba,
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Figure 16. $easonal- abuncl-ance of bLack flies ir: the I'Ihíteshell

Forest Reserve, Manitoba 196A, f+dult ancl. iru¡ature

speei-es taken in Uhiteshell" Fore;si Reserve.
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$tat,ion at -finnìpeg) 
" Probably this shortened 'rhe life span and- reduc*C

the popr:3atj.on of 79Ø conpared ta 1959, The larval popuSation t¡as qurte

h;igh agai-n at.one:'apids j-i: the ïlhiieshell River. HoçeveÍ'abou,t ane a:r.d

one-hal-f míIes furl,her north-r'resb, aL another rapif,s i¡ the same river,

not a single larva uas fou:rd- in the surûrner of 1960 compa:'ed to a high

populatior' tn L959, Hol,¡ever in September 19ó0 larvaê arrcl pD-pee l.rere

again abu:r.dant" The i,¡riier is noi; able to offer an e:,planation for these

d.ifferences. Figure ]ó al-so iJ"lusirates that ttre trap placed- jn i;he

shade of trees captured only ver¡r fer¡ fliesu all of -fhe species Si¡'ülågg

vepq-EjElu" .Specimens fr:om adult and ¡¡¡nature s'bages r,¡ere id.entified 8s

{. vegggËrr¡¡, Ê, vi!-tg!ug}, Q. decorum anit fuggþþ deqe!ep-Ê}-g in 1960.

Cpeplfia dgg.oteqsís r+as onJ-y founcl jn the'larval stage, Adult females of

Ê. g$ksgtl ancl S" degoËlg t+ere eollecteC near lahe Francis, l"lairitob,a,
....:

on JLme 13, 196A, and S, vlttqtus agaÍn at"bhe same l-ocality oi: &sne 2O ,

anå.27, -A.dul-t fernal-es of fu.@ågg Íìr..tg!$ -,¡ere col-l.eetecl at, Bird Lake,

l&rri'r,oba, on Î{ay z:--e I9&" 
.

One female adult of Ê" qrcþieu¡r was captu-reci near ufhite Lake in

the iilhit'eshell Forest Reserve on Septenber 3s !959, in acLd"ition to

speeiruens ûf g. Hgst&ir å" $!!Ct-u!] ancl [, Àecgqlg" Several fenialc

adults of Ë, ltun'leqi uere col-lected near La Salle, T,&ni'Loba¡ on June

22'7g5g'inac]d.i'L,icnioÊ"@aniì.ma'leandícna1eadu]-tsof

Qreplig sp.



CI'LI?TËP. VII

ATTE1GTS TC 18.LÞ' BLÀCI{ FLI-E'S Iiì- TiE i-À80F.:i10Pff

Rqgþl¡_o { _ Lj tera'Lu-qç

As early as 1925 Purj- succeeded. j:: rearing ad"uJ-is of g, Ê!Ig!¡]

Fries" and S" tr!,lro.c*þgÅurû (D"g,) from eggs or first instar lart-aeu

0ther species llez'e reared b;r Smart (Sroart, l93L rn trbed-een, 1959) and

l/a::gas (Vargas, I9/ç5 ín Fred.een f959) * Usuall¡r the fì-or,ring vater uas

procì.uced. by bu-bì:ling cómpressed air frorn the bo.ì;ton of the eon-tainer,

tliu-s creaf,ing a cur:rent and, oxygenating the ''.^¡ater. Food. i,ras provided-

1n the form of algae, gÍourrd pur"ina or'porurcl,er:c;d yeas'i: ancl skjm milk"

Since 1950 Fredeen (1959) tras undertaken ex-or;nsive anc-1. cluite successfui

rearings ',¡ith several specl-es inclu.cling Ê. ggttstr¡g 'Say, Ê. g¿llgtuq

ZeLt,, å. esg!¿cu¡t M411., Çglæb¿g daco*rnsis (1" & S"), etc" He

experi:rrenteC, ivith three different ì;echni-ques to circu-lat,e l{ater;

(1) eonpressed air; (21 a platform shaker ancl; (:) u ::otating; platfonn"

The latter one i.Ias sorTÌerJhat nodified ancl- used by i;i:e presen'i, author,

F::cdeen used si:nila:" food. as mentioned above, Exac-b temÞeraiu::e control

r,ras nai ¡-cssl.ble, so that" the r+ater temperatr.ire varj-ed r+ith the rcom

'r,,.-'rrps16¿ç"u" The optinilun temperaiures sç::iied to be 'l! to 2lo}. Compressecl

air procluced, speed-,s Ltp -r,o I,1 î,pns", 'fhe p'I-a'bforra shaker oi:Jy 0,J f,p,s"

ancl the ::otating p'lai;forin up to ¿,.5 f.pos" He u-sed r,rater frorn the rlvern

aqu-eriun*'i,a¡,' ¿¡¿ d.istill-ed l¿atevu 1"Ii'bh -q, låLt!e.@r for exanipleB he had

a nuxj¡rit-ÌJi su:rvival o'f 42 adults fron l-00 larvae, hatcheC fror¡ an undeter-

roineci nu¡rber of eggs, Up to 76iL ad,nirts of S, venu.-gL,u¡i r+ere obtaj-ired-.
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lartial surface disinfection of i;he eg61s

lap::oving haichebil it;r and su-t¡¡'î val 
"

r,¡as effective r¿ith 5'þ 'lfrHe

ir'hie-r-ial Ë gnd. lG!,þod_s

tne test,,¡as car::ied. ou-t'bo deterni:re the cptirnurn leagtli of treat-

ment r.¡ith KOH r,¡iih respect to survival of the eggs b)' treating -bhe eggs

for various lengì,h of tirne"

A" rotating platform niachi-nep verlr similar to the one d.escribed by

Fredeen (L95g) r.¡as useC, for rearing J-arvae, At Í'i:rst i;r,¡c 1OOO rnl, bealcers

r"¡ere roiated, Suspendecl j::to 'bhe r,¡ater vere four circuiar plaiforms nacie

of clear plast'ic ancl fast,ened a:çially-bo a cent.r:aI shaf';" Ås i;he beakers

rotaied-th.e i.¡ater rotated as wel-l and ítor^¡ed. b1, ihe stationar;r, horÍzontal

platforrns" liren r.¡e ïruilt a sj:nilar machine t'¡iih ten beakers lined up

in ti¿o ::or¿s (figure 17) " Each roi,¡ coul-d. be rotated at a clifferent speed

b)'means o¡ i¡syiable sizsd puJleys, Ill additionr a variabl-e speed rnotor

al'ìor¿ecl a ver)¡ viide range of speed* To provide oxygen, holes r¡ere drilled

through -blie platforns and. a glass -i;u,be inserted to bhe bottom of i;he beaker"

An aquar"ium pump bubbled air throuEh the medium, Thi-r-s it i¿as iìior-ir.'¡,;

'i;hatthe aCr¡antages of ihe rotating platforro ¡rachine wibh lar¡.r, r:i'.i'

varj.able speeds and that of Lhe conpressed ai:: methoil, name-]-;,'ìtigh or¡'gen

tension were eombiried"

Re sglts an¡i !iåci-: ss-þ¡

An u¡CLe-i;e::inj:red number of eggs r¿e::e |l'r:ated -v¡i'¿h 5'þ KÕH" Treai-

nent pericds Vai:ågd" frora 15-180 rninu-i;es* ?:le r,:g¡;:t r.'ere'then i+ashed j-rr

distilled^ l¡ater, 0n the nexi day ver)¡ fÊlt'lar.vae iaaá hatchecl from i;he



Iígr:rs 17. Apparatus used to yeax 'Þlack fl ies ii: 'r,he laboratory"
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eggs iha'b lIere tr:eeted Íor'ì5 ¡rinutes oniy anC,'chese uere öead. h great

nu:aber hatched for-i,r dai¡s Ja'¡,er anc'L tirese renaineci el ì";c,' ft'om a"l 1 other

egSsr t.,:ea'r,ed longer, very manl¡ larvae had liatc¡ec. on t,he nex-f da;.r, bu-'c

.r¡ere dead_" gn-l I a fer.l'iive ones v.¡ere founci four d-a;'rs later. Üntrea'r,eC'

eggs yiel-ded much fer;er larvae than the ones tveated for "i5 njnutes or

nore" 0n Au,err.st 281h- ?50 eggs, collecì;ed a fer,r da;rs'previousl¡I, uere

placeC ínto tl¡o I-OOO nr-l" beahers each, Dried baherts yeas-,, i"las feC, at

rates of O,Ol 't,o 0,3 gm" peT beaker* 0n so¡ae days trhen 'i,he water r'¡aS

siil1 quite cloudy fron sus;oendecl yeast, the food uas no-b replenished.

The eggs harl been steriJ-izecl r,¡Íth 5/" KA-F, for /+5 mj¡rui;es and then ''+ashed"

0n.â.ugust 11, i:he first fa-¡r¡ae appeared ancj'Lhereatt'er oire beaker llas

su-pplied with airr '',he o-bher not. Ir'an;tr la:rvae hacl hat'ciieri in both

beal<ers but on Septenirer LLe lÞ7 larvae could -þe coi:nt,ecl in l,i:e c::ygena.ted-

I^Ia'uer, onJ-y seven j¡ the oiher" 0n Septer'rber 14the-bhe layvae had

pupated in the i.¡aier suplrlied r.rj-th air, NÍne pupae l..rere courrted in the

aerated Lraier on Septenrber 17tÌr,'i:ut onJ-y -r,hï'et] in the non-aeratecl r+a-Ler,

T,a',,er on" more la¡'vae pu-pated in both beake::s, The firs'L acl-rl-ts energed

on Sepi,enbev 22. The o:r;rgena'r,ed r'¡aie:: yielded 15 aduirse 'uhe othe::

on1;r si:t" The ar¡erage Lenpera-i:Lr-::e r,¡as abou-i; I7oC" ranging fron 3-lçoO, to

¿Ð*t/ "

Lr su-bseo,ueni, experineni;s fei+er and fer+er fa¡:vae ha-i-'checi and only

j¡ one casee Ín'¿he first l¡eelc of Ttlovenberu egg's i'iere real:c=d ih::ough

to pu-pae . Usuall-;' the lar:r,'ae tìra'c had ha bchecl Cj-ed in Lh,: f i::st or

seccnd instar. lt seeil.s-biiaL'í;he egSss i.rhich r:reT'e coll-eciecl in the fallu

con-bajneci fì.:11¡r gror.,Er l-arvae ready to haich, as -{ndicated by the quick

ha-tchi-ng of larvae on 'fhe firsi; clay af i;e:n 'brea'anent l¡ith i'OH" Tlie
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cleaths of 'bhl?se l-a-:vae soon a:fter haiching is not er;pl ainecl. The eggs

haci been ga'i,ÌreL:eo froin s-bcnes and vegebai;i-,:n j-n tìre idh'ìtesirell- River"

Sr-nce Ê. gitlgla! is a p::evailing s-r:ecies in 'ihis area j:r 'r,he aul:i¡,rn¡

it mus'¿ be assuned'uhai the eggs consisteil. J-argeiy of g" gi_!]ç,atp:1"

This species over.".¡i:ri;ers j:r 'çhe l-a-¡vaI stage and the eggs do not su-r"vive

fo"i'long if s-LoreiÌ ai; l-o0. Ai least one acluJ-t ilrat i",¡as reared from eggs

r+as j:rd-uced to feed on blood fron the ai:m of the autiror, i,rhen F'iaced

Lìnder a snal'l clear pl-asi;ic vial,

0n Januaz'y I'70 seve::al beakers ¡¡e.re íiI]ed, r.¡ith seci''imenì: frolr

tr"n rive::s in ihe 1'Jhitesirel-l- Fores'Ì,, Á.boui; /¡00 eggs l¡ere isolabed. by

r..¡ashìng tire sand and gravel and de'fritus i-n progressiveS-}r snal-J-er s'ieves.

Hor,¡ever a-i;tenp'r,s to rea-r -bhe larvae that had- hatciieci failed., The la-¡vae

died in the first o¡: second instar'"
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Tire o::Íen"Lation resÌlonse,s to visrra'l s'¡i-inul-i and 1,he cllurtral

ac-i;ivii;' of adult blaclc flies i.¡ere siudied in the -i¿Jliiteshell Forest

ßese::ve in !añ9 anc" J-Çó0, The seasonal aeti-vit;i of $lgqj¿i_ds l".Iâs

inr¡estigated in ihe l,lhitesLre'lj- Fores-L Reserve and near La.Salle j:r

sou-thÊas'ùern lfani';oba i-n 19ó0"

À trap o-::igrna.l-Ly designed for bhe captu:e of Tabanidae

(Tho::sieinsone 195S) and, i-mproved by Bracl;en (fç¿O) r,.¡as further

imp¡er¡sfl- aird ti-sed fo:: the capture of bi-acJc f'li-es" The nost efficient

trap used ín 1959 featured a bl-ack cånop;\¡ ins-i;e¡arf of a clear one and a

bl-ack c)¡linder slr-gllsi1frsi. und-e:rneatl: -r,,he cenoll)¡. The irep used i¡ l-960

conta.r-ned- scdium cyanide in lreggrt for.äi in ihe no-::eiu¡n cÌran-ber" TÌris

Í-ncreasecl both the number of blaclc fly captures ¿s r+ell- as the qual-it;z

of 'uhe spec:-rnens for id.en'LÍfica-bion ilu-rpr6su*,

The percer:tion of forn by bl-ack fl-j-es r¡as str-rd-ieci uith t',¡o and.

tiiree d:¡rensional objects" These r¡e::e ?ainled bl-ach and. srrearecl r,¡ith

tangLefooi. TÌre nu,nbe::s of black fl-ies capiured on 1;he variou-s folras

gave e",.riclence of the ability of blaclc fl-ies to differentiate shape.

Six designs of -btro djmensional objects r,¡ei:e rnacle, civided jnto t''.'o

câ*,egofies: (1) r¡Solidtå contou:"s (circle, squaïe anil triangle) and;

(2) lroicen con*.ou-''s (Xr T, and the outline of a c¿uadrate ccnsisling of

foi:r ba::s)" fi l¡as fc'¿nd tha'i; -L,he black flies llere more at',,ractecl to

objects i,¡'ìth reJ-aì;ive'15' t-¡nb-¡:oken contours iha:-1 to those i¡i'bh brohen

ou'blines" Tiris i:nplies that black flies can visuall¡. ¿ir""injnaì;e
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betr"¡een these 'bl¡o classes of shel:es" Tlie SJ-:riuliids couf-d not o-ist:i.nguish

arflong objects of apÞroxima'r,e1;; equal tlclegree of broheniresstt of con-bou:.

For" e;<aml:.le, ci::c1es, sqìraîes and iriangles i.iere equally ati;ractive,

Sinil-arly the forrns X, Y and. the outl-ine of a soruare alJ- car:.ghi apÌrroxim-

a+"eljr the same nuinbez'of f'lies" Tbree cl.i¡nensional objeets su-ch as a

horizontal- and a ver'¿ical clrlinderu a rec-ì;angular body aniì. a cube cjid

not a'i;tr¿rct signÍf!-cani;1y differen-L nu¡nber.s of 1¡lacic flies" Tiiese

bod.ies are though't to have contours of sj:::iJ-ar lttiegrees of brokennesstro

iiilen a moving bod;z anc) a non*rioving body i.rcre su-spended u:rderneath the

canopi¡ of the modified rrhelio-ther:rnalri i;:'-':r¡ and conparecl, i-b l¡¡-rs for:rrd

tha-i; rao-¡enen'U unclerneath the trap decreasr:d'Lhe nu¡nber of flies captu::ed".

ït i^ras i,hough-b tha'b movemeni and a bod¡r r,¡iih a large rtdegree oÍ broleennessri

both p::ovicle an inerea,sed optorootcr stirrrulu-s, fi seems that inereased.

opiomoior siinuJ-us is j¡versely correlateci to aitraction, Spheres r,ie::e

pain'ced b'ì u-e¡ b1 ach", red, ;rsf-'l-or¡ anc'l .green anct smeared r'¡ith1,anglsf6et,"

The black fl-ies tiere attracted to the blacl< blu.e and red- spheres veïJ¡

signifi-cantly more 'chan to the ¡rçJ16t,r and green spheres" I"L r+as obsez'ved

that blaclt flies laid significantl;r more eggs on yeIlow ancl green coloured

sticks¡ i,'hile avoidìng alncsi entirely the black and blue oì'leso The

d-iurnal aci;ivit;' study slio,,¡ed tha'b b-lach fl-ies did noi fly irhen the sÌ<y

ras clear, excep'i; in -uhe mor-ning o:r evening" Tìre greatest n'.:imbeï l{ere

on ihe uing idren it uas caim oz'neerl)¡ sou cJ-oucy r"rii;h tenpe::at'L:res at

al:ou"b 70ôF", and. 7511 relaLjLve hunúdities, 0n ihe average, ihe grertes'b

fJ-i$h'b acI,LviL';r occu::reiJ. bett,¡een 7 and 9 in the mo-r'ning.

the seascnal activi'l;;;' s¡ black flies in 1960 reached- a peak on
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June 15 in the i,thiieshel-l Fores'i: Reserve and as ear"ly as on l"h;r l1 near.

l,a Sal-le" The ab'u:rdance of biack f1¡,- aciu-i--L,s j-n bire TliritesÌiell Fores-b

Reserve in ihe fa1,te's part cf ihe surniier 19ó0 uas ver)¡ ni-rch reclu.ced

from l-959 t"¡hen b]ack fI¡r a,1L:-]-is occir::ecl in la::ge nu¡nbe.r:s rmtil the

ea::l;r nari of Sep'benbei'" Silg!þS dqcqt_ens!q, a non-blood sucking s;oecies

i¿as for..¡.no, most ab'r-rndant near La Salle" S¡¡il¿Iir¡U ciçqeguir, !" vi!-ÞgtqA

and S, venu-e-bup r'¡ere also found near La Sal-le. In the't,íhiteshell Foresi

Rese:"ve the sane specìes r¿ere col-lected, bu,'L only a fei+ larvae of

C.nephiq dacotqnsis" In addition several speci:nens of Si¡rlll-:Lr!4 lrr¡nle4l

were captured. j:r the l.Jhiteshell Fores'b j_rt 1959.

A.tte¡rpts i¡ere mad.e to rear blaelc flies from eggs to aclul-ts i:r

r,he I aboratt:ry" l,le r,¡ere able -bo rear several ad.ults onl}r once i-n

Octoberr 1959, ,Subsecluent trial-s fail-ed, The larvae died in ihe f .'r.st

¿nC second ins'car and the haiching percentage beca¡le ve:r¡r 1or,r l-ater in
'Lhe r,¡j¡ter" ft is assumed, ihat'r,he egrjs l¡ere f'ro¡r the species Ê" vi!!gþIg"

Eggs frorn 'uhi s specj-es can;io-b be kept vÍable over the r+inter r+hen ke'r¡i;

at 1oC " becanse i:r natr:re tÌie farvae hatch jn ihe au.bufin"
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