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, °ABSTRACT , 

Ph.O. 
D.J. LEPRINCE 
ENTOHOLOOY 

BI CJt..I,OHICS OF THE 
TABAr'UDAE (DI..PTERA) OF 
SOUTHWESTERN QUEBEC 

'. 
An ilggregatlon Sl te of m<lJ.t:'tilbamds 

was discovered on a mountain summit. 
H des were more abunda.nt ilnd usually had 
a longer susonal distribution than f,males 
of the same species. ~wo main types of 

l\mde behavior have been aS50ciated with 
ma.ting: hovering and wai ting. Prev~lence of 
!Ougar fe,dmg was 43% in wuting maIn and 
84% in hovering males. Th.! range of 
ch matie factors dur\ng male activity, and 
the species of flowe mg plants visited'tre 
aiso presented. . J 
" .Of 3418 female horse flle( (9 
H:}bomitra specles and 5 Tabanus) 
coUected ln 2 samphng yurs, 3187 were 
d1ssected. Among d1ssected specimens, 70% 
were nulhpàrous. 87% were sperm positive, 
86% werè sugar posltlVe and 3.3% retilmed 
blood. Populahons of H. Irontalis were 

Jutogenous; anautogeny is reported in 7 
< ther,speCles. Relative a.bundance, seasonal 

dlstr1bution;. tne range of atmospheric 
condltlons/during femal~ actlvity, khe stage 
of development ,of ovarian foll~~le, 
attractiveness of carbon dloxide tO 
femaln, Wlng .. l.ength an~ number of 
ovarloles ar 50 pres~ntÈ!d. 
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---' D.J. LEPRIN<ifE , ENTOMOLOGtE 

BI ONOM 1 E DES TA BAN 1 DAE 
(Dl PTERA>. DU SUD-OUEST 
DU QUE:BEC 

li 

1 

Un site d'aggrégatlon de tabanldes 
miles fut découvert au sommet d'un mont. 
Les mâles furent plus abondan_ts et ont 
généralement eu une pérIode de vol plus, 
l,pngue que les femelles de la même espèce. 
Ch~z lis m &Ies deux types de compor
t.ments furent assocIés à. l'accouplement: 
"hovehng nOl et "waltlng". L'inc,ldencè' des 
repas de sucr, fut de 43". chez les mâles 

,en attente (walting) et de 84% chez les 
miles volants sur place (hovering). La 
varatlon des facteurs chmatiques"'durant 
l'activité des mâles, et les espèces de 
fleurs vlsltées sont présent1!es. 

Des 3418 femelles de taons à. cheval 
(9 espèces d'H~bomitra et 5 de Tabanus) 

) récoltés au cours de 2 saisons d'échantll
lonnage, 3187 furent disséquées. Parmi les 
spéclmens disséqués, 70% étaient nullipa
res, 87% contenaient du sperme, 86% des 
sucres et 3.3,.. du sang. Les populations H, 
l'rontalis furent autogènes. l'ilnautogénie 
est rapportée chez 7 ~utres espèces. 
L'abondance relatIve, la dlstribution 
saisonnière, la variatlon des facteurs 
climatlques durant l'activité des femelles, 
le stade de développement des follicules 
ovarlens, l'attrachon du bloxyde de carbone 
sur les femelles, la longueur de l/aile et 
le nombre dLovarloles sont aUSSl présentés. 
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CLAIM Ta ORIGINALITY 

The study of a male aggregatlon sIte 
provlded origmal mformation on (l) 2 mun 
t~pes o~ male behavlor associilted wlth 
matmg (h,overing a~d waitlng), (2) 
preval~ncê of sugar feeding by males, (3) 

male longevity, (41 the eHect of climahc 
factors on male actl~ity and (5) a list of 
fJowers Vlslted by males based on pollen 
1dentificatlon. 

The type of male behavlor IS not "
- related to generlC classIfIcation SInce both 
. hovering and wattmg behavlOl" were found 
,In dlfferent species of H:Jbomitra. 

For the flrst hme in Quebec, host
seeKing tabanid f~malles (H~olDiera and 
iabanus) \Nere dissected to determine (1) 

parlty rates, (2) the incIdence of 
anautogeny t? among tabamd speciest (3) the 
oviposition perlod based on ovarlole sheath 
dlla til tion, (4) the InCIdence of sugar and 
blood meaIs, CS) the range of atmo5pheric 
conditions during female actlvity. 

Seasonal fluctuatIons of sperm 
presence in nulhpars and pars of H:ybomitra 
and Tabanu.5' specles are reported ior the 
flrst time. 

The aUractlveness oi carbon dioxlde to 
parous tabanid females, the hnear 
regression between Wlng length (as a body 
parame ter) and the number of ovarloles 
(potential fecundity) of Tabanus specles 
are orIgInal contributions. 
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1 1 NTRODUCT 1 ON 

The Tabamdae !DIpteral 15 a relatively 
large c05mopohtan group of fhes commonly 
reierred to as horse fhes and deer fhes. 
Adult females are 5trong fhers and have 
been notor10us pests of hvestocl< and other 
warm-blooded ammals; males do not blood
feed. At their peal< of abundance tabamds 
may serlOusly mterfere with hum an outdoor 
acllvI'hes, and as a result of thèlr feedmg 
behav10r may cause slgmflcant lasses ln 
llvestocK productlvlty. Larvae are usualu, 
found ln seml-aquatlc habItats but sorne 
develop in seml-arable lands. Larval 
development may requlre several years. 

There 1S httle mformatlon avallable on 
the blOlogy of male tabamds. Most trappmg 
methods are deslgned to collect host
seeKmg females; therefore males are rarely 
collected. DlUrnal patterns of male ai: tlVity , 
male behav1or, and mahng SItes are 
unl<nown for most tabamd spec1es. 

An aggregatlon SIte of male tabamds 
was dlscovered on a mountam summlt ln 
south western Guebec. Aspects of male 
blOlogy and envlronmental condltlOns at the 
,SIte were studied ln arder to provlde 
Information on tabamd mating systems. 
Seasonal and dIurnal actlvity of males were 
recorded along wIth chmatologlcal factors; 
It was belleved that males of different 
specle s would share the use of the slte 50 

as to aVOld competitIon. Sugar feedmg was 
studled to determme ta what extent males 
rely on sugar for thelrr energy 
requlre ments; results were correlated w1th 
behavlor. Pollen analysls was performed on 
males of one species to Ident1fy the most 
Important nectariferous flowers Vlsited. 

In southwestern Guebect tabamd 
females are Known to be pests of humans 
and li ve 5 tocK. Certam a spect6 of tabamd 
blOlogy were lnvest1gated' as these were 
feU to be relevant to the potential pest 
status of the msects. It lS unKnown 
whether tabamd females ln thlS area rely 
on blood for their flrst gonotrophlc (blood 
feedmg-ovlpositlonl I:ycle and how many . 
cycles can be completed by a smgle female. 

1 

As an alternative to laboratory rearlng, 
ovarIan dissechon can be used ta obtam 
mformation on autogeny and ovarian cycles. 

(ThIS approach, already proven for 

)
mOSqUliOeSt was attempted for tabamds. 
The number of ovarloles was correlated 

/ - wlth wlng length for Tabanus spp. females 
and results compared between species. The 
number of ovarloles, found by dlssechon, 
was also used to estImate the potentIal 
number of eggs that could be laid per 
gonotrophlc cycle. 

Sperm presence ln the three 
spermathecae was checl(ed to determme if 
Insemlnahon occurs prlor to host-seeKmg. 
Sugar presence was detected by the cold 
a.nthrone test to assess the edent to WhlCh 
tabamd females depend on carbohydra1e 
sources to meet thelr energy requlrements. 
Ca.rbon dloxlde was used ln conJUnchon wlth 
Canopy tra.ps to evaluate lts efflclency as 
an attractant for nulhparous and parous 
tabanid females. An attempt was made to 
study the effect of chmahc factors on 
female dIurnal actlvlty. 



1 
II~REVIEW OF LITERATURE 

1.0 ECONOMIe AND MEDICAL 
IMPORTANCE 

Tabamds have an economlC and medical 
IlJlpact on human; and llvestocK. In New 
YorK Sta te as a whole tabamds ranKed 
s~cond only to mosqultol?:' as annoylng 
pests of domestic and wlld animaIs 
(Pechuman 1981>. In Canada, the economic 
Impact of bitlng fIles of ltvestocK, ln terms 
of non-rea1l2ed ammal productlon, has been 
es'hmated to be $104 mIlhon pel' year (Laird 
et al. 1979). l'l'males of many specles are 
mammahan blood feeders. They usually feed 
on cattle (shemanchucK 1978; MagnareUl and 
Anderson 1980a; Lewls and LeprInce 1981; 
Lane and Anderson 1932), horses 
(M agnarelli and Pechuman 1975; Magnarelh 
and Anderson 1980a i Pechuman 1981> a.nd 
other mammals <SmIth et al. 1970; 
Magnarelh and Anderson 1980ai Lane and 
Anderson 198~). Most specles prefer 
landing and feeding SItes' on cattle (Mullens 
and Gerhardt 1979; Magnarelh and Anderson 
1980a). 

Medically Important ammal disease 
agents (vlruses, bacterla, protozoa and 
he lminths) transmitted by horse Hies and 
deer fIles were revlewed by Krms\(y (1976). 
In Wj'E!:cïl~in, DeFoliart et al. '(1969) 
Isolated Jamestone Canyon serotype 
(Cahforma group) from 1 pool of H:;bomitra 
lasiophthalma (Macquart) and 1 pool of 
Chr~Gops cincticorrtis WalKer. ln ~est 
central WlSCOnSln, WrIght et al. q,970) 
isolated laCrosse VIrus (Cal1ferma group) 
from a pools of H. lasiophthalma. Recently 
Mlller et al. (1983) found no rephcatlon of 
Jamestown Canyon and Keystone (Califorma 
group) Vlruses a Hel' inocula tlon ~ ln 4 
speCles of tabamds. They concluded that 
other members of the famlly should not be 
ruled out aS reserVOlrs or vectors of 
CalHornia group virus!:. on the basis of 
their ex perIment. Accordlng te the small 
number of VIral lsolatlons from tabamds 
and thelr potential to mechamcally transmit 
certain V1ruses for which other effective 

2 

means of transmIssion are .I<nown, I{rlnsl<y 
(1976) suggested that tabanids play a mInor 
role in the transmission of Viruses but may 
Increase the Slze of eplzootics in localized 
SItuatIons ln WhlCh large numbers of 
acutely mfected ammals are in proximity to 
suceptlble hosts. 

2.0 QUEBEC LITERATURE 

There are approxlmately 132 spedes of 
hbamds Known to accur in Canada. (TesKey 
1979). Before 1981, pubhshed lnfOrmatlon 
on the tabamds of Q.uebec consisted of 
lists of speCles (Winn and Beaulieu 1932; 
Freeman 1953; PhIlip 1962; Pechuman 1964; 
Thomas 1980), outdated systematic studies 
(Chagnon and F ourmer 1943) a.nd brlef notes 
on the seasonal dIstrIbutIon of some 
spedes ln the Laurentians (Robert 1958). In 
their study of latltudinal dlstrit)ution of 
the Guebec tabanid fauna, Baribeau a.nd 
MaIre (1983a) crltlcally reviewed the 
hterature published on Guebec tabanids. 
They reported the presence of 82 specles 
ln SIX genera: Chr'tlsops (31 specieslt 
H~bomitra (28 species), Tabanus <15 
species), At'tllotuS' (5 spedes), stonem:;ia (2 
spedes) and Haematopota (1 speCles). 

R~centlYI tfiere has been a. renewed 
Interest ln thlS group of bltlng flies. Lewis 
and Lepnnce <1981> studied tabamds 
feeding on caHle in southwestern Guebec. 
Several studles considered the abundance 
and seasonal dlstrlbuhon of tabamds 10 
temperate and subartlc Guebec localltles 
(Leprince and Lewis 1982; Barlbeau And 
Maire 1983b, 198a3c; Thibault and Harper 
1983>' Barlbeau a.nd Maire (19S3bl a.lso 
studied the spatial distribution and larval ~ 
density of labamds ln two southern Guebec 
bogs and Thibault and Harper (1983) gave 
an accounl of the actlvity and habItat 
preferences of adult tabanids. Leprince and 
Le\llls (1983) studled aspects of the biology 
of Chr~S'ops un'il)ittatuS' Mac:quart 
lncluding parity rates, sugar feeding, sperm 
presence and potential fecundlty as 
determined by the number of ova.riol~s. 

,(. 
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3.0 MALE BIOLOGY 

There 1S htUe Information avallabie on 
\he blology of male tabamds. Hales are 
rarely collected because they do not feed . 
on blood and most trapping methods are 
deslgned to collect host-seelUng females. 
Males feed on nectar [65'Y. of ma.les 
collected ln West Germany contalned nectar 
sugars <Kmepert 1980)J. Two main types of 
male tabanid behavlor have been assoclated 
wlth matlng: hovering (Balle y 1948; Bllcl<le 
t 959) and walting (Catts and OlKowSl<1 
1972). In bath types of behavlors males 
share common eharacterlshcs: they are 
motlonless "nth resp.ect to thelr 
environment (hoverlng males remam 
stationary ln the aIr, wal'tlng males on a. 
substratum) and they are alert to movement 
near them and usually respond by achve 
fhght pursult. 

ln North AmerIca, aggrel},ahon of 5 
specles of male tabanids on hllltops ln 
Nevada has been recorded by Chapman 
(1954), Downes (1969) sugges-ted that the 
SIlhouette of the hl11 served as an optical 
marker and that Insects orlented ta It and 
were finally led to the peal< itself. 

4.0 FEMALE 

4.1 REPRODUCTIVE SYSTEM 

The reproduchve system of female 
. tabanids conslsts of 2 ovaries,.an oVlduct, 
Il vagma, 3 ~ermathecae 'and 2 accessory 
glands (Surcouf 1908). Spermathecae are 
long a.nd bent ln thelr mlddle, their apex 15 
located near thelr base. Inslde each ovary 
there is an InternaI oVlduet into whieh 
ovarloles run radlally. The number of 
ovarloles 15 not eo.nstant for one speCles 
(Leprince and LeWIS 1983). E: ach ovarlole 
consI5ts of a growth zone or germarlUm, 
si tuated ln ItS prOXImal portIon; and ln the 
case of gonoactlve females there are 
usually 2 folhcles. The faillele lying 
nearest to the oVlduct wIll. develop 
completely af'ter a blood meal. 

3 

4.2 FOLLICLE DEVELOPMENT 

A folhcle eontalns an oocyte and 7 
nurse ce II s WhlCh are of the polycentroplc 
type. e:ach folhcle IS surrounded by a 
follicular epithellum, WhlCh IS formed when 
the follicle cornes away from the germarium. 
The developing follIcle passes through a 
number of phases descrlbed by Christoph ers 
(1911> and Mer (1936). The stages are 
classlfled aceording to the followlng 
characterlstles: (N}-a foillele consishng of 
8 undlfferenhated cells. The folllcle is 
sperlCal and the folbcular cells compose a 
regular cublcal eplthehum. m-1 oocyte, 
sltuated ln the dIstal portion of the 
foIllcle, is clearly viSible. Above the oocyte 
he 7 nurse cells. The follic1e elther retains 
its spherlcal shape or beeomes shghtly 
oval. (l-II)-a crown of 1 or 2 rows of yoll< 
granules appears around the nucleus in the 
oocyte protoplasm. The follicle tal<es on ah 
oval shape. (Ill-larger and more numef;'OUs 
yoll< granules are seen ln the protoplasm 
of the oocyte around the egg. The egg 
grows, becomes conslderably larger than 
the nurse cells and taKes up about half the 
foIhcle. (JlJ)-the "'99 gradually lnCreaSe5 
Its share of the folhcle space from one half 
ta three-quarter5. Us nucleus is no longer 
visible through the mass of yolK. The 
follicle becomes somewhat elongated. 
UV)-the folhcle becomes longer and the 
nurse cells occupy only the uppermost part 
of it. The oogonlum, full of yolk, IS weIl 
developed and occuples more than nme
tenths of the follicle. (V)-the chorion 
c6vers the whole egg. The remains of the 
nurse cells are found a t the prOXImal end 
of the foillele. The l'gg lS now ready for 
laying. 

4.3 AGE GRADING 

l'l'male tabamds that have not laId 
eggs (nulhparous flies or nulhpars) may be 
dishngulshed from those that have 
OViposlted (parous fbes or pars) by havlng 
retamed eggs in one or both ovarles, 
expended ovarioles contalnlng folhcular 
debris, or by the presence of dilatations in 
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contracted ovarloles. Polovodova 's <1949 in: 
Dehnova 1962) technique of countmg the 
number of ovariole dilatations, each of 
WhlCh corresponds to a previous 
OVlposltion, is the best avallable for 
determining the number of ovarian cycles 
completed by fIles. 

Some tabanids produce theIr f1r5t batch 
of egg5 and sometlmes a second wlthout a 
blood meal (Lane and Anderson 1983); 
others requIre a full blood meal prier to 
OVlposltlon. Roubaud (1929) proposed the 
term .. autogeny" to denote egg production 
by mosquitoes that had n01 fed upon blood, 
whlle "anautogeny" was appl1ed to the more 
common obllgate requlrement of vertebrate 
hosts. SpllHman (1971> proposed a broader 
dèflnltion to include other Insects as 
ncnhe ma tophagous specles; thus 
"anautogeny" denotes a situation wherem 
there lS a speCIfIe food medlated arrest, 
and "autogenylJ the absence of such a 
diapause. 

4.4 SPERH PRESENCE 

Lane and Anderson (1982) reported that 
mating precèded blood feedmg in Ch~p..t:' 
hirsuti'callus Phihp based on sperm 
presence ln 17 host-seeKmg nulbpars. lirom 
the dlssectlon of 293 speCImens, Lutta 
(1970 ln Chvala et cri, 1972) observed that 
99.9% of females conhined sperm and 
concluded that females only seeK blood 
after mallng. LeprInce and LeWIS (1983) 
observed that 96% of the nulhpars and pars 
of C. univittatus were mated. They 
suggested that matIng generally occurs 
prior to host-seeKmg ln nullipars and thât 
enough sperm are conta.med in parous fhes 
for a second gonbtrophic cycle. 

. 
4.5 SUGAR AND BLOOD 

FEEDING -
, 

LIKe the mosqulto Culiseta inorncrtcr 
(Wllliston) (!irlend 1978, 1981), female 
Tabcrnus nigrovittcrtus Macquart displays 
3 modes of feeding ln the laboratory: (1) a 
drmKing mode where a small quantlty of 
water goes to 'the midgut, (2) a nectar 'or , 
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sugar-feedlng mode ln which a large 
quantity of sugar solutiOn 15 dlrected to 
the crop, and (3) a bloèd feeding mode where 
a large quantlty of blood or diet contaimng 
an appropria te phagostimulant lS sent to 
the midgut <Friend and Stoffolano 1984). A 
previous mul of sugar or blood does not 
prevent Immediate feeding on the other 
substance <Stoffolano 1983). 

In southwestern Guebec, the inCIdence 
of ~ugar positivity was 90% in blood
feeding tabamds (LeWIS and LeprInce 1980, 
and 75% ln both nulU"pars and ptlrs of C. 
univittatus (LeprInce and Lewis 1983). In 
Connecticut, prevalence of sugar posltiv1ty 
was 71 % In nulhpars and 72% in parous 
tabanids <Magna,relh and Anderson 1981>, In 

,West-Germany, 53% of the females were 
sugar pOSItive (Kmepert 1980>. 

Incidence of partial blood meals 
reported in tabanids from preVIOUS studies 
varled from 2 to 10 ,..: 5.9% by Bosler and 
Hansens (1974),2% by Magnarelli (1976), 
10% by M agnarelli and Anderson <1980a) J 9% 
by Kmepert (1980), and 10% by lane and 
Anderson (1982). 

4.6 TRAPPING 

Varlous trapping methods have bun 
used to co11ect tabanids. Host-seel<ing 
female tabamds have been collected on live 
animaIs or in animal bait-traps (Tashi~o 
and Schwardt 1949, 1953; Roberts 1965, 
1969, 1972ai Thompson and Pechuman 1970; 
Smith et al: 1970; LeWIS and Bennett 1977; 
ShemanchuK 1978; Mullens and Gerhardt 
1979; Magnarelli and Anderson 1980a; Lewis 
and Leprince 1981). In human bait studIes, 
the human bait uses an aerial sweep net 
to colled tabanids as they fly around the 
bait (Thompson 1967, 1969; Smith et al • 
1970; Troubridge and Davies 1975; 'Lewis 
and Bennett 1977; Thibault and Harper 
1983). Chrysopsinae are Known ta be more 
at1racted to humans, Tabaninae generally 
prefer largel" hosts <Thompson 1969; Smith 
et al, 1970).' Aenal !;weep net collections 
are made manually and are necessarily 
emplQYe'd durIng shorter periods, 
never1heless thls method 1S efficient, 
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• mobile and gives a good represenhon of the 
Chrysopsinae (Thompson 1969). 

Malaise traps are often used to colléct 
male and female tabanids. The Malaise F.:ap 
operates on the assumptlon that flying 
insects blunder or wander into the 
structure, are stopped by the internaI 
baHle, and worK upward into the collection 
apparatus as they attempt to extrlcate 
themselves (Townes 1962). Roberts (1970) 

~ showed that the entrance of hbamds in 
different Malaise traps was not corrèlated 
with...!he size of the traps as a result of 
wand~ng but with the color and 
reflectal)ce of the trap from the bacKground. 
Roberts U972bl compared the effectiveness 
of several types of ·Malalse traps for the 
collec'tlon of tabanids, he reported that the 
Stone ville Malaise trap with natural saran 
streen wal the most effective; Its 
efficiency was increased by 3-fold when a 
23 cm-diameter plastic decoy painted wlth 
blacl< acrylic paint was added to it. 
Tabanids, which are mOlt active in bright 
sunlight, are a ttracted by the reflectance 
of a glossy blacK sphere; this sphere has 
become an integral part of many tabanid 
traps including the H amtoba trap 
(Thorsteinson et al. 1965). Roberts (1976) 
compared the effic1ency of 6 traps types 
<Stone ville H alaise trap, Canopy trap, 
modHied Canopy trap, Cali forma Malaise 
trap, Plexiglass trap and Manning trap) afld 
reported carbon dioxlde balted Canopy 
,traps sE/cond after carbon dl0xlde 
Stoneville Malaise trap. Although hlghly 
effiCient, Malaise traps are ex penSl ve, 
'dlHicult to built, bulKy and not easlly 
transported. Canopy traps are mexpensive, 
e~y to build, set up and transport by one 
person. Lil<e Malaise traps, Canopy traps 
are continuously seH operaHng during 
hbanid actl VI ty. Accordlng to Pechuman 
<1981l J the Canopy trap is less effective in 
attracting Chrysopsinae than Tabamnae and 
rarely t'blleC'ts male specimens. 

The release of 4.0 l/mm of carbon 
dioxide was shawn to lncrease the catch of 
tabanids by 13-fold in H alaise traps 
JR,oberts 1975). The attraction of tabanids 
to carbon dio)(ide varled with the amount 
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released pel' mlnute <Roberts 1975), trap 
type <Roberts 1976>. trap location, speciés 
and date ol collection <Roberts 1971). 
Roberts (1970) suggested that tabanid 
females use carbon tlioxlde ln host location. 

4.7 DIÙRNAL ACTIVITY 
,-

In New YorK State', Tashiro and 
Schwardt (1949) found little biting activity 
of hbanids below 22.2oC and above 32.2oC 
and Miller <1951> showed that among 
Cana.dlan prairie speties maximu!ll activity 
occurred between 20°C and 22.SoC. In 
Cal1fornia, Anderson et al. (1975) obsÈ!rved 
that dally host-seeKing t\ctivity was 
suppressed below 23.90C and above 32.2~C; 
normal host-seeKmg times for most species _ 
were marKedly altered on days with 
maxImum temperatures above 32.2 0C. In 
temperate regions of Quebec, the a.verage 
maximum air temperature was above 200C 
durmg tabamd actlvity (Baribeau and Maire 
19€C3c)j ThIbault and Harper (f 983) observed 
litUe activlty when maximum daily 
temperatures hiled to' reach 21 0 C. In 
subartlc Quebec, tabanids were collected 
when the daUy maximum temperature was 
above 130 e CBarlbeau and HaIre 1983c). 

Diurnal activity of female tabanids has 
been studled ln relation to several 
meteorological factors (temperature, solar 
radiation, relative humidity, barometric 
pressure, wmd velocity, cloud cover, etc.) 

D by multiv&rlate analysis ln Alabama <Daie 
and Axtelll97S; Burnett and Hays 1974) 
and in South Carolina (Al verson and Noblet 
1977). Factors of greatest influence varied 
between the 3 studles. Alverson and Noblet 
(1977) concluded that dlfferences presentetl 
in the 3 mode]s suggested that the effects 

[ may be dep'èndant upon trap type, location 
or the species sampled. 

4.8 PARASITI SM 

Several larval and pupal parasites have 
been recorded from Canadan tabanidsi a 
tachlnid CCarinosilius ta!anlvoru# (Ham) 
(TesKey 1969; James 1963), -a bombylild 
[Villa lateralis Say) (Tesl<ey 1969), a 
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nematode CBath'lJmerm[a sp.] (James 1963) 
and 2_grf~garious hymenopteran parasites: 
a pteromahd COig(ochis occidentalis 
(Ashmead) J and a diaprîid CTrichopria 
spp.J (Cameron 1926; Miller 1951; James 
1963; Te.key 1969), Parasitism of tabanid 

,immatures has bit en estimated to be 2% by 
Tesl<ty CS 969) a4ter rearing several hundred 
larvae to adults. 
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III AGGREGATION OF 
TABANID MALES ON A 
MO~TAIN SLt-1HI.T IN 
SOUTHWESTERN QU~BEio 

1 .O~RODUCTION 
An aggregatlon site of male tabanids 

was l:I1scovered on cl mountaln summlt ln 

southwestern Quebec. Studie<s were 
conducted ta observe the behavlor of male 
tabamds, 1.0 descrlbe their- seasonal 
dlstrlbutIon, 1.0 determine the eHed of 
chmatlc factors on thelr actlvlty, to 
estimate the r'ate of nectar feedmg, and to 
identHy the speCles of Howermg plants 
visited. 

2.0 MATER IAL,S AND • 
METHODS 

2.1 SAHPLING SITE AND 
COLLECTION OF 
SPECIMENS. 

Mount RIgaud (450 27'N, 740 1,8'VJ), loc
a ted near the community of Rigaud in 
southwestern Quebec', IS 220 m above sea 
level. Rigaud River, a suspected tabanid 
breedlng site, 1S approximately 800 m from 
the mountain. The 5ummit of the mountain 
conSlsts mainly of exposed ro;J55 mter
spersed wlth herbaceous and shrubby 
vegetatlon. The hlghest .pOint IS an oaK tree 
(Guercu$ rubra L.) 3-4 m high. The area 
was visited at least 1 day each weeK from 
early June 1.0 late A~ugust 19,81 between 
0700 and 1400 h, and occaslonally until 1700 
h (eastern standard Hme). e:very haH hour 
hbanids were collected with an insect net 
in the vicinity of -the oaK tree and along 

-a rocKy pa th <100 m long) leading 1.0 the 
summlt. Waitlng male~ were swept from the 
foliage, and hovering males were caught by 
plaClng the net under them at a hovering 
statIon and moving It qUlcKly upward. 
Occasionally females were eollected as they , 
lahded on the investlgator or ln tandem 
wlth males. 

Speclmtrs were placed in vials and 
frozen OrNce pacKs'ln the field; they were 
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, 
later stored at -200 e ln the laboratory. 
Observations on behaVlor and the tlme of 
collectlon were recorded, for uch specimen. 
A sÎl,"g psychrometer was used every hour 
1.0 m/easure aIr temperature and relative 
humldity (RH); measurements were rhade 1 
m above gpound near the oal< tree. 

SpeClmens have been deposited ln the 
Lyman 'e:ntomologicâl Museum of McGlll 
U,nlversity. 

2.2 DISSECTION 

Male tabanlds were dlssected withIn 3 
weeKs of collectIon. The tip and the side 
of the tabanid abdomen were cut with fine 
scissors, and internaI structures were 
pulled put with a pair of fIne forceps and 
placed in a drop of saline solution on a 
microscopie sllde for examinatlon. Fat body 
was quabtatively assessed, and eonsidered 
abund~nt when It was orle of the most 0 

prominent internaI structures. The presence' 
of endoparasites was recorded. 

2.3 NE,CTAR DETECT ION AND 
POLLEN ANALYSIS , 

F rudose and suerose were detected by 
an anthrone test, which was modified from 
tha t of Van Handel (1972). Dlverticula were 
placed into wells on a ceramic spot plate, 
and' 0.~5-ml aliquot of eold ânthrone 
reagent w'as added to each well. Results of 
reagent activity were recorded within 30 
minutes. 

Pollen analyses were performed on 22 
H:;bomitra $odalis males collected between 

,28 June and 30 August 1981. Due to the 
amount of worl< involved, only one species 
was seleded for pollen analysis. SpecImens 
retained for popen analysis were hrst 
sereened with a dlssectlng stereomH:,ro- ~ 
scope at 70X for various pollen types to 
obtaln a complete spectrum of the flowers 
vlsited. One CUblC millimetre of cold 
glycerin-gelatin 0.5 ml of alcoholic 
solution of baS1C fushin 0.1 ,. in 10 m~ of 
glycerlO-gelatln) was placed on the tir;; of 
a pin and pressed on the specimens 1.0 
collect pollen. The cube was then melted on " . ~ 
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il sllde, covered wlth a cover sllp, luted 
wlth paraffin, and suled wlth synthetlc 
reSln. Up to 500 pollen grains were 
Identlfled from each specimen by using a 
reference collection located ln the 
Laboratoir~ de Paléobiogéographie et de 
Palinologle, Université de Montréal. 

2.4 LONGEVITY STUDIES 

Twenty males each of H~bomitra 

affinis and H. sodalis (collected during the 
Is t weel< of their fhgh1 perlodl were 
mdlvldually placed ln 5.00-ml plastIc 
conta1ners with a mesh screen on top and 
ma1.ntamed .1t 240 C, 70% RH, and 12 h of 
llght per day ln an mcubator. 

SpeCImens were dIV1ded equally 
between control and treatment contalners. 
Each control container had 2" VIals 'of 
dlstllled wa ter, and each trea tment 
contaIner had a ~al of dlshlled watet' and 
a v1al of 10,.. sucrQse solution. The Ume 
of death of each specimen was recorôed. 

3.0 RESULTS 

3.1 SEASONAl, 
• DISTRIBUTION 

Males of 17 species of Chr~sop$, 
H~oomitra, and TaOanus were collected on 
the summlt of Mount Rigaud. The seasonal 
distribuhon of .111 adult tabanids collected 
on the sum mi t from 1978 to 1981 is 
preslmted in Fig. 1. 'l'he seasonal dIS
tribution of fe males was .1150 mcluded to 
give an overall Vlew of the species 
frequenhng the summiti males of sorne 
species were not cdl1eded. Male flight 
activlty extended from la te May to late . 
August, reachmg 1tS greatest d1verslty in 
mid-June. Males of C. cincticornisj H. 

. aJ'J'inis, H. lasiophthalma, H. 
microcephala, and T. reinwardtii were 
present, when conditions were sU11able, for 
more than 40 days. Males were mare 
abundant and usually had a longer seasonal 
distribution than females of the same 
species. Ma ted couples of C. mitis, N. 
aJ'.I'inis, H. [-aSioPh'thalmtt/. nuda, N. 

microcephala, and T. similis were collected~ 
at the beginning of their seas'onal fllght 
actlvi'ty. No males were collected on a 
nearby summit (tl<m from the Rigaud River) 
on days when cond1tions wère favDrable for 
male activity. 

3.2 MALE BEHAV10R 

Waiting spedes comprised aU 
Chr'$Sops, and H. microcephala males 
(Table il, WhlCh spent a conslderclble 
proportIon of time on vegetat1on. They were 
observed chasing {éther fIles (the more 
lndividuals, the more time spent c:hasing). 
Mast C. mitis and C. cincticornis males 
were collected on small shrubs Waccinium 
spp., Amelanchier sp., and Rhus t:Jphinal. 
The remaining specimens of Ch~p$ and 
haH of the H. microcephala males were 
usually collected as they wa1ted on foliage 
of the oak tree. The other haH' of the H. 
m{crocephala males were colleded as they 
landed on the outs1rekhed white net. TheSe 
were collec1ed only when the collector faced 
the sun and the oal< tree and qUIC!<ly moved 
the net bacl< and forth at the level of the 
upper DaI< foliage. Usually wh en the net 
s10pped, 1 H, microcephala male ne...., from 
the DaI< fol1age to land on the net. 
H:Joomitra microcephala males also were 
collected in the fore st welI below the 
summit, wa1ting on the ground in sunli1 
pa:tchesi these ma.1es did not 
morphologically differ from those colleded 
on the summit of the mountain. Tabanus 
catenatus and T. reinwardtii males were 
collected while resting on rocky surfaces or 
1ree bark exposed ta sunlight at the 
summit. It 'was uncertain whether they were 
warming up or exh1biting waiting behavior. 
Lavigne et al. U'96Sl repor1ed that male T. 
reinwardtii rested on a sunlit exposed 
drainage pipe and rocks to warm up before 
chasing each other in rapid flight. 

Hoverlng species inc1uded .111 
H~bomitra excep1 H. micf'()Cephala ('l'able 
il. Although clearly viewed while hovering, 
their pursuit flight speed was 100 great ta 
be observed by the human eye. Hovering 
males ""ere divided into 2 groups. depending 
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on thelr hOVE;'rlng sltei H. laSlophthalma 
hovered above the oal< tree, whIle K. 
al' j'inis, K. lurida, N. nuda, and H. sodalls 
hovered near the ground. Spec'ies hovermg 
near the ground were found along the rccKy 
path leading to the summlt, or ln 
depresslons such as those between clumps 
of shrubs. No hoverlng mar\<ers were 
detected on the summlt, even though 
dlHerent spec1mens and specles were 
collected at specIfie hovermg stations that 
share a "U" shape (0.5 to 3 m wlde). The 
or,lentahon of the fhes was parallel to tlfe 
path, faclng the wlnd on wlndy days; or\ 
elther downhill or uphlll on calm days. 
Males hovered parallel to tHe ground along 
the path, moved bac\< and forth 1 to 6,m 
deperichng on male density, and returned to 
theIr hoverlng stations. The hoverlng 
height was usually a few cm above the 
surroundmg vegetahon (0.5 ml. After bemg 
mlssed by the net, dlsturbed males would 
dlsappear and then shorUy return to the 
same hoverlng statlon. 

A~ many ~s males of H. nuda hovered 
along the same path cOlncidentally 
mamtalmng an interval of 1 m between each 
other. They moved as a group slowly bacK 
and forth dependll;g on the wmd. Whenever 
one began to chase another insect, others 

Jollowedi they chased each other for a few 
seconds, then resumed their stationary 
hovering. Contact be1:ween fIles was 
audIble. 

3.3 EFFECT OF CLIMATIC 
FACTORS ON MALE! 
BEHAVIOR 

A summary of male actlVlty as related 
to alr temperature, RH and hour of day lS 
presented in Table 2. Flll~s were present 
du rIng ,brlght and sunny perl0dsi none were 
seen during cloudy perlods. Male flight 
activlty ceased when clouds mterfered wlth 
sunhght or was delayed on cloudy mormngs 
unhl the s\<y cleared. On partly cloud Y days, 
the hovermg behavlor of tabamd males wu 
severa! 'hmes turned on and off by passing 
clouds. Except for N. nuda, WhlCh was still 
flying at 1700 h, most male fhght actlvlty 

l 
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termlnated around 1400 h. On sunny 
mormngs, most Chr-:ysops and Tabanus 
malf~s were collected before 1000 h. Fhght 
activlty did not appear to be mfluenced by 

\ 
RH, however, 1t was affected by wmd. 
WaIt1ng males preferred areas of tree 
foliage or other vegetahon that were 
protected from the wind, while hovermg 
males adJJsted thelr flight height inversely 
to wInd strength UO to 15 cm above ground 
dUrlng strong wlnds versus 1.5 m during 
calm periods at the same hovering slte). 

No lntraspeclfic competlt1on was 
observed at 'a hovermg station, but wlth an 
lncreasmg denslty of males there was a 
decreasmg area avallable ta each male 
whlCh restrlcted their horizontal move
ments. The potenhal for mterspeclflc 
competltlon among males of N, afj'iniG, H. 
nuda and H. sodalis could be expected 
smce the y share the same hovering station 
and peaK temperature achvlty (Table 2). 
Because H. nuda is an early suson 
tabamd, there IS httle competitlon with the 
other specles, but males of H. affinis and 
H. Godalis have slmllar seasonal 
dIstrIbutIons (FIg. 2)i males of the former 
speCles are larger th an those of the la'tter, 
are achve at lower temperatures CTable 2), 
and are not dlsplaced by H. sodaltG males. 

3.4 NECTAR FEEDING AND 
LONGEVITY 

The prevalence of anthrone positive 
tabamds was 73% (Table il, wlth 84% in 
hovering fIles and 43% in waitmg flies. The 
percentage of speCImens with abundant fat 
body was almost the same ln hovering and 
walting fhes (Table 1), indicatmg that 

, dlHerences ln anthrone posihvit}' could be 
related ta behavlOr. 

Under laboratory condihons, H. 
aj'finis and H. sodalis males mamtalned on 
a 10% suc rose diet li ved 12.1 :t. 3.41 (X:t. 
SOl and 8.5 + 4.3 days, respedivelYi those 
malntalned On water on!}: llVed 1.5 :t. 0.53 
and 1.2 ! 0.42 days, respecbvely. 
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3.5 POLLEN SP~CTRUM 
ON H", oS'L,d.a·Zr.".s-

The pollen spectrum on H. sodalis IS 
presented ln Table 3; some pollen could not 
be Identifled beyond famlly level. The most 
common and abundant pollen or pollima 
present on these fl1es were Asclepias 
s~riaca, Chr~santhellJulIJ leucanthemum 
type, Cirsium sp., Umbelhferae, Rhus 
t~phlna, Rumez type, Spiraea laU/olia 
and Tilia americana. AIl these 
nectarlferous plants have large 
mflorescences, WhlCh are probably used as 
landmg platforms by male tabamds. Nearly 
40% of aU H. sodalis males caught had 
pollima, speclmens had from 1-12 polhnia, 
wlth a mean of 4 per fly. The pollen 
spectrum of H. sodalis males ·changed 
during the season accordlng to the seasonal 
succeSSIon of flowers, and eaeh fly had its 
own pollen spectrum. 

3.6 INTERSPECIFIC MATING 
/' 

A male of C. niger was captured in 
copula with a female of C. mUis ln late 
June. They were placed in a vlal where they 
remamed in copula even after freezing. The 
female was nuIliparous; sperm were found 
ln her ge01tal chamber. 

3.7 PREDATION AND 
PARASITISM 

A Vespula macula ta (L.) 

<Hymenopterâ: Vespldae) fE'male capiured a 
male of C. callidus resting on the top 
foliage of the oal< tree at 0900 h in laie 
June when the temperature was 15.6 0 C. 
8:ven though they were Immedlately 
colleeted, half of the deer fly's head had 
already been consumed. An Asi/us 
(Hachimus) sp. CDlptera: Asibdae) female 
was coUected aHer it caught a C. 
cincUcornls femah.' in fl1ght at 0930 h in 
late July when the temperature was 17.70 C. 
The prey was punctured ln the thoràx. 

8:n~ysted parasites though1 to be 
hymenopteran were found in the abdomen of 
5 males of H. nuda, 3 H. lasiophthalma 
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and 1 H. a/finis. The number of endo
para SI tes varled from 1 to 6. They were 
usually coUed around 1 Malpighian tubule o~ 
thelr host, ln WhlCh a variable dElgree of 
degeneratlon was observed. No apparent 
damage was done to the reproductive 
system. Since a11 endoparasites were 
Kera.tmized and melanized, they were 
probably acqull"l~d before the aduIt stage. 

4.0 DISCUSSIC1'4 

The Ilroximitr of a breedlng sIte might 
be an Important factor in the determination 
of a hilltop male tabanid aggregation site 
sinee no males were coUected on a nearby 
summlt 2 Km from the Rigaud River. In the 
surch for an aggregation sl'te, preference 
should be given to bare or exposed hilltops 
sinee sunlight is an important factor in 
tabamd activlty. 

} 

"""-.According to Wellingion (1974), 
ov~ead polarizahon 15 strongest nul" 
sunrise and sunset and weaKest near noon; 
it may also be eliminated at Any time by 
a patch of thlcK clouds drHtmg aeross the 
zemth. 811eKle (1959) and Catts and 
OIKowsl<i (1972) found no correlation 
between the start of male activity and hght 
intensity and stated that temperature was 
the main factor influencing the beglnning 
of male flight activity. Sinee there was no 
flight ,activity on top of Mount R'igaud on 
eloudy da ys and slnce such behavlor wu 
delayed on doudy rnornings or stopped 
momentarily by a passing cloud when 
temperatur~ was suitable, polarized light 
may weIl influence male tabarud ac1ivity. 

'. 

The rate of anthrone posltlvity (73%, ~ 
Table 1> was similar to the ~lgure (69%) 
reported by Kniepert (1980) in West 
Germany. The presence of fructose and 
sucrose in the diverticula of tabanïds was 
first considered to be in relatIon with fat 
body depletion. The pereentage of 
specimens wlth abundant fat body was 
aImost the same in have ring (54%) and in 
waltlng (58%) speClmens (Table 1>. The high 
Incldence of anthrone positive flits in 
hovering s~ecimens probably re.flects a 
greater storage of fuel energy and perhaps 

f~~ 

~ .. ' , 

" 'i 

l 

" · 
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a gre a ter lncide nce of carbohydrate meal s 
ln order to fulfill the energy requirements 
of this behavior. The hlgh tncidence of 
nectar feeding and the short hfe span of 
tabanid males without sugar suggests that 
floral nectars or other sources of 
earbohydrates are used for survlval and 
fhght activi'ty. Magnarelli and Anderson 
<1981.> also reported a relatively high 
inclden~e of sugàr feeding by female 
tabanids and suggested that these 
carbohydrates are important dletary 
nutrlents. 

Host pollen ldentified are not carried 
by wind and can only be aCQulred by vlsits 
to the flowers. In their search for nectar, 
H. sodalia males are probably opportunistie 
in their visit ta the 'flowers. Most abundant 
pollen or polle nia, probably refleet that 
more 'Ume was spent by males H. sodalis 
on thelr respective flowers. It is unknown 
whether these flowers were more nectar 
rewarding or more abundant in the field. 
Further studlesOcomparing the pollen found 
ln diverticuIa (where the nectar mul is 
stored) with the pollen found on the fly 
would help to deftne the flowers visited 
versus the ones providing nectar. 

In Delaware, Catts and OlkowsKi (1972) 
explained the inter~peciflc matmg between 
a male of C • .fuliginosus and a female of 
C. atlanticus by a seasonal and micro
cllmate overlap ln the 2 populations, 
particularly a delayed male C.l'uliginosus 
migration inta the .C. atlanticus matmg 
aru. Since C. niger apparently transferred 
sperm to C. mitis, it seems that specifIe 
sexual recogmtlon fuled between these 
individuals. ') 

Hines (1906) reported that predation of 
Vespùla maeulata on bath sexes'of T. 
sulcifrons Macquart was common, and 
BIicKle (1959) suggested that Bemoix 
bell'ragei Cresson, a predatory wasp, may 
have contrihuted to the decrease of the 
male population of T. oü~hoppi. Based on 
hundreds of hours of observations, the low 
numbers of aSlhds and yellowjacl<et wasps 
on top of Mount Rlgaud and the>!r lacK of 
host specHlcHy, lt lS unhl<ely that these 

preda tors slgnHlcantly reduee male tabanid 
populations at the aggregation slte. 

The presence of eneysted endo
parasites indicates that some tabanids can 
harbor a small number of them and survive. 
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Figure 1. Seasonal succession of tabamds collected on the summit of MDUr'l~ Rigaud, 

Guebec,1978-1981 
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Table 1. IncIdence of nectar fE!1!!ding. as detected by the cold anthrone test, and 
, 6 

abundance of fat body jn male tabanids collected on Mount Rig.ud, Quebec,' 

1981 

BehaVIDr Spf.>cies At+ , Fb+ 

"" 
Waiting C. callidus 6 33 50 

C. cincticornis 12 42 33 

C. indus 9 44 • 33 

C. mitts 6 17 33 , 

C. '}iger, 10 80 0 

K. microaephala 64 38 80 

T. catenatus 100 too 

T. reinwardtii S aO ,40 
\. 

Subtotal 113 43 5.8 

Hove ring H. a/I'inis 35 91 51 

K. lasiophthalma 82 74 77 

K.lurida .2' tOO tOO 
,b~ 

K.nuda t'24 '. ' 85 44 

H. sodalis l ,.56 89 39 

~ Subtotal 299 84 54 

Total 412 73 55 

tt Humber of specimens analysed 
, , 

At+ percentage of anthrone positive specim,ns' • 
\ .,. 

~ ; 

Fb+ Percentage of speCImens Wlth abundant fat bC?dy. 

" 

( 
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Table 2. 

, 
Prevaihng atmospherlc conditions durmg male tabamd acbvity on the 

summit of Mount RIgaud, Quebec, 1981 

A 

SpeCles . ft h RH (%) Temperature (OC) 

Range PeaK 

C. call1duS' 6 0700-0900 58-74 15.6-17.2 

C. cinctic()rni..~ 12 0700-0830 46-74 13.9-19.4 

C. uzdus, 6 0630-1100 35-60 15.6-16.7 

C./mUs 7 0700-0900 55-84 12.7-16.1 

C. niger 9 0630-1100 35-58 15.6-20.0 

.H. a/l'mis 54 0700-1430 37-91 13.9-29.4 23.9-28.9 

(~ H, lasz'ophthalma ~2 0700-1130 35-74 13.9-21.7 15.0-20.0 

\ H.lurida 2 1000-1030 4S 21.1 

H. mtcrocephala 64 0800-1300 31-74 16.1-25.0 18.3-23.3 
.- 0 

H.nuda 123 0800-1600 33-57 16.7-28.3 23.9-28.3 

H. sodaliS' 76 0700-1300 33-91 18.3-28.9 23.9-28.9 . 

T. catenatuS' 0730-0800 63 15.0 

T. rein~ardtii 5 0700-0930 46-80 15.0-19.4 

,.' tt Number of sp~cimens collected 

h Eastern standard Ume 

RH Relative humi~ity 

1 

( 

, 0 
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Table 3. Pollen spec1:rum for 22 H~bomitra sodalis males collected from 28 June 

Asclepudaceae 
Anacardiaceae 
Butomaceae 
Caryophy llacea 
Compositae 

Corylacea 

CrucHerae 

Cyperaceae 
Graminaeae 
Guttiferae 
Leguininosae 

Labiatae 
Umbelliferae* 
Pintlceae 

Plantaginaceae 
Polygonaceae 

Ranunculacea.e 

Rosacea 

, 
Sa.licacea.e 
Tiliacea 
Typhaceae 

to 30 July 1981 from Mount Riga.ud, Guebec 

Asclepias ~riaca* 
Rhus t'9phina* 
Butomus ombellatus 

Ambrosia SPi 

ArtemiBia SPi 

Cirsium SPi * 
Chf"9Santhemf/mleucanthemum type' 
Solidago type 
Tararacum officinale type 
Betula SPi 

Co~us cornuta 
Brassü:;a !taller 
others 

H'9pericum perforatum 
Helilotus SPi 

TriJ'olium h~ridum 
Hent.ha type 

Pic/la lIJariana 
Pinus SPI 
Pinus divaricata 
Thuja occidentalis 
Plantago SPI 

Fagop:;rum &aggittatum 
Rumer acetosella 
Rumez type 
Caltha palulltris type 
Ranunculus aCM 
ThalictJ"um 
Potentilla SPi 

Spiraea latiJ'olia* 
others 
Salir SPi 

Tilia americana* 
T'9phatype 

most corn mon pollen or pollinia 

\ 



IV ASPECTS OF THE 
BIOLOGY OF FEMALE 
TABANIDS IN SOUTHWESTERN 
QUEBEC 

1.0 INTRODUCTION 

The purpose of thIS investlgatlon was 
to determlne the seasonai distribution and 
relative abundance of female horse flies 
(H~bomitra and Tabanus) in southwestern 
Quebec, :the InCldence of lnSemlnatlOn, and 
sugar meals (as. detected by the cold 
anthrone tesU, the mfluence of drY-lce 
balted and unbaited Canopy traps on parous 
females and the varlahon of climahc 
factors durIng female actrvlty. Assessment 
of potenhal fecundl ty, as determined by the 
number of ovarioles, was performed on 
Tabanu6' females. 

2.0 HATERIALS AND 
METHODS 

2.1 SAHPLING SITE AND 
COLLECT 1 ON OF 
SPEC 1 t"1ENS 

The study was conducted ln the Morgan 
Arboretum, adjacent to the hrm of the 
Macdonald Campus of MCGIll University, 
Salnte-Anne-de- Be llevue (45 0 25'N 1 

73 0 56'W), Quebec, from early June to early 
September in 1980 and 1981. Most 
specimens were collected in unbaited and 
drY-lce balted canopy traps (Catts 1970>; 
some were aiso coUeded wlth an msect net 
as they flew around the lnvestlgator. SIX 
samphng stations were used ln 1980 <Fig. 
2). In 1981, only stations 1 to 4 were 
sampled; s1aiions 5 and 6 were not used 
because of thelr low productlvlty in 1980. 
Hüf 1he stations were bal1ed wi'th 10 Kg 
of drY-lce placed at the base of the trap; 
1he release rate of carbon dloxlde varied 
between 4.0-8.0 l/mln. Car:bon dlOxide
bai1ed stations were selected at random 
every weel<. In 1980, 23 helfers were kept 
in pastures around Stoneycrof't Pond <FIg. 
2), and 21 in 1981. Herbaceous areas were 
~':1t tWlce in 1980 but only once ln 1981. 
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The area was sampled weeKly on sunny 
days conduClve to tabanid fllght actlvity. 
Traps were set from 0700 10 2100 h 
(eastern standard hme). SpeCImens were 
collected hourly 1 placed 10 il. vial and frozen 
on ice-pacKs ln the field. They were later 
stored at -20°C m the labora1ory. A sling 
psychrome1er was used every hour to 
measure air 1empera.ture and RH. Solar 
radiation measurements were obtalned from 
the meteorologlcal station Jean Brébeuf 
(Montréal> WhlCh lS apprOlomately 15 km 
from the f'esearch area.. Spedmens have 
been depos11ed ln the Lyman Entomologieal 
Museum of MCGlll Umverslty. 

2.2 DI SSECTI ON 

Dissections were performed w1thm 3 1:0' 

30 months aHer capture and physiological 
age was de1ermined by Polovodova's me'thod 
<Detinova 1962) on the baSlS of the number 
of dlla'tations of ovar101es e.g. when one 
yellow body or one dIlatatIon was pre$ent 
the fl y was recorded as umparous. The iip 
and the side of the abdomen were cut wi1:h 
fine scissors, internaI structures were 
pulled out wlth a pair of fine forceps and 
placed ln a drop of sahne solution on a 
sl1de. The stage of folhcular developmen1 
ln terminal folhcles was recorded for l'ach 
speClmen using the cla.ssifll:a.tion 
es1abhshed by Christopher (1911) and
modified by Hé!' (1936). The diver1iculum 
'Has rehined for sugar analysls. The

c 

3 
spermathecae were cut and examlned under 
a compound microscope (4QOX) for sperm. 
The presence bf endoparaSItes was 
recorded. 

2.3 INCIDENCE OF NECTAR 
FEEDING AND FLOWERS 
VISITED 

F ruc10se and suc rose were de1eded by 
an a·nthrone test which was modified from 
that of Van Handel (1972). Divediculae 
were placed mta wells on a ceramic spot 
plate, and 0.25-ml ahquo1 of cald anthrone 
reagent was added to each welle Resutts of 
reagent activlty were recorded withm 30 
minutes. On sampllng days, flowers were 

-[ 
, 
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observed regularly to record those visited 
by tabantds. 

2.4 FECUNDITY , 

Potential fecundity was determlned by 
doubllng the total number of ovarloles 
found ln one ovary of randomly selected 
Tabanus females. H:ach ovary was placed ln 
a 50% alcohol solution for a few seconds 
and then transferred to a sallne solution 
where ovarloles were gen'tly teased apart 
and counted. The number of ovanoles was 
correlated wlth lnsect body Slze (as 
measured by wlng length) by a simple llnear 
regresslon analysls. Wlngs were placed 
between 2 mIcroscope slides and measured 
from the base of the costa te the hp of 
the wmg. 

3.0 RESULTS 

3. 1 SEASONAL 
DI STRI BUT 1 ON AND 
RELATIVE ABUNDANCE 

l'emales of 14 speC1es of horse flle~ 
(9 HtJ~omitra and 5 TabanusJ were 
collecte CI ln the Morgan Arbèretum ln 
Sainte-Anne-de-Bellevue, Quebéc. Theil" 
seasonal distribution is presented ln F1g. 
3. and the1r susonal abundance 1S 
presented in Tables 5 to 13. M ale data have 
also been Included. Horse fly actlvity 
extended from late May to early September 
reaching i'ts greatest divers1ty from m1d~ 
June to mid-J41Y. In both years females of 
H. epistateG, H. frontaii..t:', T. linsola and 
T. quinquevittatus were ln fllght for more 
th an 40 days; H. lasiophthalma and T. 
similis had similar flight periods ln 1980 
and 1981 respectively. Accol"ding to the 
number of canopy traps used each year (6 

in .1980, 4 10 1981), more fe"l,ales of H. 
eplstates (Table 6), H. microcephala (Table 
9> and T. quinqueIJittatuG' (Table 12) wer"e 
collected in 1980 than 1981, but less 
4emales of T. lineola (Table 11> and T. 
siJJJilis (Table 13), and almost equai numbers 
of H. Ircmtcr[z's (Table 7) and T. sodalis 
(Table 10). Females of H. lasiophthalma 
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and H. nuda mlght have been more abundant 
in 19~ l, but sampling started later in 1980 
and a portion, of the populations may not 
have been collêcted. 

The relative abundance of horse flies 
lS presented in Table 4a and 4b. More 
speCImens belonged to H:Jbomitra (56%, n = 
3418) than Tabanus. Three specles 
accounted for more than 88% of the total 
catch: T. quinqueviUatus <39.2%), H. 
lasiophthalma (38.6%) and H. epistates 
<10.5%). Although some species werè 
abundant certain days, no horse Hies 
attempted to bite humans. On rare 
occasions, r. similis and T. quinque
viUatus landed on the collector. 

F'emales of H. epi.. ... tateswep~ia;t 
from early June te Ide July (Table 6) and 
represented 18.7% (n = 1912, Table 4a) of 
the H'?}oomitra commumty. Females of H. 
frontalis were most abundant from mid
June to early July but were never cdllected 
in great numbers. Females of H. lasioph
thalma were most abundant from early to 
late June and repre5ented 69% (n = 1912, 
Table 4a.) of {he H~bomitra specimens. 
F emales of H. nudà, one of the Hrst 
species to appear with H. lasiophthaiIDa 
(Fig. 3), were most abundant from late May 
ta early June (Table 9). Females of H. 
microcephala were present from late July 
to late August (Table 9); they were one of 
the late5t HtYbomitra to fly. fiemales of T. 
lineola were present from mId-June to late 
August (Fig. 3) but were most abundant in 
mld-July (Table I1J. "emales of T. 
qutnquevittatus, comprislng 89% (n'" 1506) 

, of the Tabanus commumty, appeared in 
early July, reached maximum abundance 
from mid to late July, and gra.dually 
decreased 'ln number durmg August and 
early September (Table 12). Females of r. 
similis, the ~econd most abundant Taoanus, 
were present for a long per10d in both 
sampling years (Table 13), but very few 
specimens were colleded on any given day. 
Females of H. a,ffinis and H. il/ota were 
present in June, (FIg. 3, Table 5). Females 
of H. pechumani, H. ~Qdalis, T. atratus \ 
and T. catenatus were collected in July or 
August (Fig. 3, Tables 10 and 11). 
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Males were rarely collected. One 
anthrone negatlVe male of 1'. catenatus 
Wi15 collected reshng on a sandy pàth 
exposed to sunhght in a fore st trallln mld
July <StatlOn 1, FIg. 2) at 1000 h, when the 
temperature WolS 23.9 oC and RH 62,. •• A 
ma.le of T. atratus was collected in late 
July whlle restlng on vegetahon. E;leven 
males of H. lasiophthalma were collected 
from eolrly to late June. Among 9 specImens 
dlssected, 8 were anthrone posltive and aIl 
contamed sperme Most of them were 
coUected 10 carbon dioxlde balted canopy 
tl'aps 111 and #2 (FIg. 2) between j 400-1900 
h, when temperatures were 21.1-27.2 Oc and 
RH 33-62%. Only 1 H. lasiophthalma WolS 

. collected whlle hovermg ln a forest tra.ll 
near station 1 (Fig. 2). Most males of H. 
laS'iophthalma were collected 10 Canopy 
traps probably while pursumg females. 
M ost molles of H. epistates (n =,16) were 
collected approximatively 1 m from a fore st 
margIn near an open f1eld in early July 
1931; no specimens were collected ln the 
field. Males were hoverlng\'Ja. few cm over 
th~ surrounding ve~tation (sorne were 
collected from 10 to 90 cm from the ground) 
0600-0900 h when te mpera. tures were 
19.4-23.9 oC and RH 63-67%. ' 

3.2 PARITY RATES 

A summary of pal'Hy rates, sperm 
presence and anthrone positivlty lS 

presented ln Table 4.1 and 4b. SpeClmens 
. d,issected represented 93% (n == 341 e> of the 
collection. Almost 88". (n:: 229) ai the non
disseded females were H. laqiophthal:roa 
Wh1Ch were c~llected on June 13, 1981 
during the peak of abundance. Almost 70,.. 
of the H~bo1lJitra and Tabanus speômens 
collected were nulliparous. Generally 
nullipolrous females appeared a weeK earber 
than parous females of the same specles. 
ln both years, the peak of abundance of 
parous females of H. epistates, H. laGioph
thalma and T. quinquevittatuS' occurred 
generally dur1ng the peaK of nulhparous 
females <Tables 6, Band 12). Dissection 

·revealed tha t Qnly parous females were 
collected ln the following speCles: H. 
Irontalis, H. pechumam~ H, microcephala, 

,.' ~. 
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and T. catenatus. The percentage of parous 
females 11980,1981,1980-81> ranged 
between 0 to 50r. and was quite variable 
from year to year: H. epi'states (38,15,32), 
H. il/ota (0,50,43), H, lasiophthalma 
<37,20,24), H. nuda (40,12,15), T. lineola 
<39,44,42), T. quinquevittatu$ (31,35,32) 
and T, similis (45,17,27) (Tables 4-6,8-13). 
Percentages of parity of H, lasiophthalma 
and H. nuda were probably overestlmated 
in 19$0 sinc:e sampling started late!' than 
1981. 

Folhcle development was ln stage I
Il or II for most specimens d1ssected, it 
was sometimes in stage 1 in parous females 
wi th sac-stage ovarioles. Stage N was not 

'. seen in dissected specimens. Sta.ge III or 
IV folhcles were found in 6 nulhparous 
females with fresh or partlally digested 
blood meals: 1 H, epistates, 3 H, lasioph
thalll1,a and 2 r. quinquevittatus. No more 
than one yellow body or one dilatatIon WolS 
found at the base of ovarloles of all parous 
females dissected. Yellow bodles werl! 
sometlmes of an uneven shape but only one 
dilatation was observed. In these cases the 
fly was, recorded as unipolrous and 
registered as parous. 

3 • 3 OV l POS l T l ON 

~he ovarioles of 50meparous females 
had a sac-like dilatahon (those w1th 
dIstended folhcular tubules), indlcating 
l'ecent Oviposltion. Apart from H, 
epistates, r. catenatus and T, lineola 
(Table 6 and 11>, percentages of parous 
females with.sac-stage ovarioles were well 
over 50'. each year in the remaining speci~s 

.-"(Tables 5, 7':'10 and 12-13). In both samphng 
years, Oviposltion usually occurred 1 or 2 
weel<s af~ér the appearance of nUlIiparous 
females of H. epiS'tates, T. lineola and r. 
similis (Tables 6, 11, 13), only in 1981 in 
H, lasiophthalma and H. nuda (Tables S 
and 9), and in 1~80 in T. quinquev'fttatus 
(Table 12). OVlposition oc:curred from ~he 
end of June to eal'ly August in H. epistates 
but mos1: egg laying activIty wu 
concentrated ln early to mid-July ln 1990 
and ln mid-June in 1981 (Table 6). Females .. 
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of H. ,fr..ontalis had one of the long est 
Oviposltlon periods ln both sampling yearsi 
It started in the flrst half of June and 
ended ln mid-August in 1980 and late July 
ln 1981 j a peal< was observed between the 
end o-f June and url y Jul y (Table 7). 
Females of H. illata Oviposlted ln m).d-June 
and H. nuda laid eggs durlng early to late 
June (Tables 5 and 9). OVlposihon extended 
from early June to mid-July ln H. [aGio ph
thalmat but was concentrated malnly ln 

June (Table 8). Females of H. microcephala 
layed eggs ln late July till mid-August in 
1980 but only ln late July ln 19$1 (Table 
9). Oviposition of H. pechumani and H. 
soda/(s occurred durlng mld to late July • 
(Taille 10). In 1981 T. catenatus oviposi ted 
ln late July (Table 11>; oviposi tion of T. 
lineola females lasted for 3 weel<s each 
yut, starting in mid-July in 1980 and ln 

early July in 1981 (Table 11>. Females of 
r. quinquevittatus laId eggs from mId-JuIy 
to early September in 1980 and from early 
to la te July ln 1981; most egg laying 
actlvity occurred during mid-July to early 
August (Table 12). The OVlposition perlod 
of r. similis extended from mid-July to late 
August ln 1980 and from mId-June to mld
July ln 1981 (Table 13). 

3.4 EGG R~TI ON 

Among the parouJ females dissected 
12% (n = 972) retained eggsj 14% (n = 487) 
were H':Jbomitra and 10'10 (n = 485') were 
rabanus (Table 14).]n 1980,14% (n = 566) 
of parous females retained eggs versus 9% 
(n = 404) ln 1981 (Table 14). Apart from 
H, iUota and H. nuda, percentages of 
parous -femc1les wlth retalned e9gs were 
generally higher or equal in 1980 than 1981 
(Table 14). Great variations were observed 
in 1980 (64%, n = 14) and 1981 (11 %t n :: 
9) for r. similis (Table 14l. Greater' 
incidence of egg retentien generally 
occurred after the peaK of abundance of 
parous -females. F ew eggs were retained pel" 
parous females, 74% (n :: 115) retained 2 
eggs or less and 54'. had on1y one. 

Apart from two ~emales of r. quinfiue
vittatus (one female contalnmg 19S eggs, 
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the othtr w~th 'one ovary tOntalm'ng 105 
eggs and the second ovary }\'ithout eggs>t 
the mean number of è99s retained pel" ovary 
(pooled data) was 0.50 !. 0.71 (n:: 1 femalet 
X + sm in H. iilota, 1.38 + 1.83 (ri = 17) 
in -H, epistates, 1.03 :!. 1.06 (n = 16) in H. 
frontall's, 1.17 - + 1.63 (n = 26) ln H. 
lasiophthalma, 0750 :!. 0.71 (n_= 1) in H, 
microcepl!alat 2.38 !. 3.50 (n :: 4) in H. 
nuda,O.30 + 0.71 (n:= 1) in H. sodaliG, 3.00 
+ 0 (n = 1) ïn r. catenatus, 0.67 + 0.82 
'in .; 3) ln T. lineola, 2.28 + 5.41 (n= 32) 
ln T. quinquevittatus\ and -1. 7S !. 2.40 (n 

... = 10) in r. similis. Thel mean length of T. 
quinqueuittatus eggs was 2.65 .! .08 mm 
(n = 23). 

3.5 SPERM PRESENCE 

Sperm were found in the spermathecae 
of 87% (n:: 3187) o-f the females dissected, 
94'10 (n = 972) in parous and 84% (n:: 2215) , , 
ln nulhparolJf> females (Table 4b). Among 
the different species,.variation in sperm 
presenc, ranQed from 71 to 90% in 
nulliparou5 femaies (Table 4a-bi when more 
than 5 individuals were dissected) and from 
90 to 100% in p'arous females. In both 
years, the percentage of sperm positive 
nullipareus females o~ H. epistates~ H. 
lasiophthalmu and T. quinqueuittatuS' was c' 

lower but related to the percentage found 
in parous femalu (Tables 6, 8, 12). Lower 
percentages o-f sperm presence were found 
before the peak of seasonal abundance, and 
from 'this point perël!ntages usually 
remalned higher for most of the suson CH. 
epistates in 1980, H. lasiophthalma in 
1981 and r. quinqueviUatus ln 1980 and 
1981> (Tables 6, 8 and 12). Some dramatic 
vara"tlons in the percentage of sperm , 
positive nulliparous and parous females 
were no'ticed 10 both sampling years. In 
1980, S3Y. (n = 159) of the nulliparous and 
96". (n:: 97) of 'the parous fema]es of H. -
epistates contained sperm, versus 60% (n 
:: 79) of the nuillparous and 64% (n~-f ) 
of the parous female9 in 1981 (Table 6). \ 

Al'though variabIe between sa ing 
years and among specleSt percentages of 
unmated parous females w"tre 6% (n = 972) 

J 

-
f 



~. 

\ 

.. 

, , 

ln 19,80-8 1, 8% (n = 485) in H~omilftI and 
3% (n = 485) Inr~banus (Table 4a-b) •. 

1 Almost 851" (n = 4211 of the parous a.nd 
nulhparous s~m negahve femàles were 
.collêcted in ~lrbon dl0xlde ba~ted Canopy 
traps (Table\15). Carbon dioxlde a'ttr-acted 
a simdar proborhon of mated nulhparous 
and ~~ous f~male5 (Table 16), A{lthrone 
poslt Vlty wa~ 73~ (n = 368) ln n~~~ous 
and 5% (0 = ~3) ln parous sperm negative 
femtles (Table 15). Percentages of anthrone 
posi tivity in sperm ,negahve nuillpars were 
generally lower (espec.ially ln the 
nulliparol:Js 7'. quinquevitttItus females, 
Table 15) 't,han the ones found In sperm 
posihve nulhparous ~emales <Table 4a-b). 

3.6 ANTHRONE POSITIVITY 
AND FLOWERS VISITED 

. Results of the anthrone test performed 
on the dlverticula of horse fhes 'are 
presented in Table 4a and 4b. Anthrone 
posltïve fhes l'epresented 86% (n = 3187) , 1 
of the horse fly populati~ results bemg 
almost equalln the two generja (Table 4a,bl. 
T~e ln~dence of anthronyposltlvity was 
hlgher ln pars than nullipars of 7'. quinque
vittatus ln 1990 and 1981; slmllar ra~es 
were found between pars and nullipars of 
the other ~pecies (Tables 5-13). Apart from 
H. sodalis and T. lineola, percentages of 
anthrone posihve nulliparous a.nd parous 
flies were almos't equal or gri?ater 'ln 1980 
than 1981 (Tables 5-13); overall results 
be~ng 89% (n = 1610) ln 1980 and B3% (h = 
1577) in 1981. Ex ce pt for T. catenatus, 
anthrone posltlvity was weIl over 60% ln 

parous and null1parous flies. 

On July 24, 1981, one female 7'. 
quinquevittatus was observed feedlng for 
5 mlnutes (1000 h, 26.1 oC, 63% RH) on 
honeydew on an ~sclepias s~riaca leaf. 
The fly was later found covered with pollen, 
parous, sperm and anthrone positive. On 
July Il, 1ge 1, one female of 7'. quinque
vittatus was uught by a crab spider 
Ulisumena uatia (ClercK), Thomisidae) at 
1100 h, 280C and RH 43% on an Asclepias 
s~riaca inflorescence. The fly was visi~ing 
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AGclepias floor . prlor to captur..e. No 
other, tabamd w ré found feedmg on 
flowers altho h any were covered wlth 
pollen grains or poillma. Durlng July, 
AGcjlepias s:yriaca polhma were found o~ 2 
f~males H. epistates, 18 T. quinque
'iJi-'ttatus, 2 T. lineola and.l T . .5'lmills. All 
females were found to be anthrone positive, 
and 12 were parous. The number of pollimA 
ranged from 1 to 3 ln H. epistates, from 
1 1.0 2 in T. quinqueviUatus, from 2 to 
4 in T. lineola and 4 ln T. similis. The mean 
number of pol lima per specimen was 1.52 
:!. 0.75 (X :!. sm. Only 1 femtle of r-. 
quinqueviUatus had polle nia in 1980 (912 
females col~),· and 17 10 1981 (428 
females cOllected)~ . 

3.7 BLPOD MEAL PRESENCE 

F~esh, partially dlgested or old'blood 
wa.s found in 3.3". (n = 3187) of the horse 
flies dissected. Blood was found only ln 'the 
mldgut ~f the speclmens dlssected, not in 
the dlverticula. Among the 106 specimens 
collected, 88% Were ln carbon dioxide
balted traps, 56,.. were parous, 96% were, 
sperm positive and 7er. were anthrone 
po SI ti ve. In 1980 blood presence ln the 
horse fly populahon was 4.4,.. (n = 1610); 
ln 1981 it was 2.2% (n = 1577) • .Fresh blood 
was present in nulliparous <31%, n = 106) 
and parous (26%) femalesi oId or partially 
digested blood was found 10 nulhparous 
<12%) and parous <30%) females. Fresh blood 
was found in 1 nulhparous female of H. 
a.f.finia, 6 nulliparous and 2 parous females 
of H. epistates, 7 nulhparous and Il parous 
females of H. lasiophthalma, 1 nuillparous 
fetnale of H. nuda, le nulhparous and 14 
parous females of T. quinquevittatus and 
1 parous female of T. similis. Old or 
p.ar'tially dlges'ted blood w'as present in 1 
null,lparous and 3 parous females of H. 
epistates, 1 parous female of H. J'rontalis, 
5 nulliparous and Il parous females of H. 
lasiophthalma, 7 nulliparo'us and 17 parous 
females of T. quinqueviUatus. Compared 
to the number of specimens dissected, more 
parous females had fresh blood 10 H: 
lasiophthalma (4.0%, n = 21'2 versus 0.8'., 
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n '= 847 ln nulhparous femalesl and ln T. 
quinquevittatus 13.3%, n'" 427 versus 2.0,.., 
n = 906 in nulhparous females), than ln H. 
epistates (1.e,.., nu: 1 t 1 versus 2.5%, n '" 
~8 in nulhparous females). 

3.8 EFFECT OF CARBON 
DIOXIDE 

More than S5% (n: 3289) of the horse 
files collected were trapped with the carbon 
dl0xlde balted Canopy traps <Table 16a-b)j 
simllar propol'tions were found ln both 
genera. S:xcept for T. atratus, more 
speClmens were collected 10 carbon dioxlde 
buted Canopy traps than unbalted ones. 

Percentages of hbamds attracted to 
carbon dioxide balted Canopy traps were 
relatlvely constant from year to year and 
generally greater than 80% ln the most 
abundant specles: H. epistates (84,78,82) 
(1980,1981,1981-82; results derlved from 
Table '17>, H. nuda (80,82,82), T. !insola 
(92,97,95) and T, quinqueviUatus (85,90,87) 
but more variable in H. lasiophthalma 
(79,88,86) and T. Milis (59,81 ,73). 

Each sampl1ng year, a slmilar 
proportion of pars of H. lasiophthalma 
Wjlre collected in non-baited and carbon 
dioxide-baited Canopy traps, althoug/"l more 
pars of T. quinquevittatus but less of T. 
lin sola were colleC'ted in non-baited traps 
(Table 17). No defmite trend can be given 
for H, epistates, H, nuda and T. similis 
because there was considerable variation ln 

the proportion of pars f'rom yur to year 
ln non-baited traps. From pooled data 
<1980-81>, pars of H. epistates and H. nuda 
showed no preference between balted and 
unbalted-traps, whereas more pars of T. 
similis were present ln non-b41ted traps 
(Table 17>. 

3.9 ATMOSPHER 1 C 
CONDITIONS DURING 
FÊMALE ACTIVITY 

The climatlc faciors observed during 
female horse fly activity are presented ln 

Table 18. Horse fly females were actlve 
from 0600 ta 1900 h, when solar radiation , 
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varied from 0.25 to 3,39 H J/m2, 
temperature ranged from 15.6 to 31.7oC and 
relative humldlty was 33 to 91%. Few 
specimens were collected when 
temperatures were below 200 Cj no activlty 
was deteded under 160C <Table 18). 

Early season species lil<e H. epistatn, 
H. illota, H. lasiophthalma, H. nuda, 7'. 
similis (Fig. 3) were generally adive at 
lower temperatures than speCles which 
occurred later in the stason. 

3.10 FECUNDITY 

Mean wlng lel"1gth and number of 
ovarioles found in Tabanus specles are 
presented ln Table t 9. Wing length and 
number of ovarioles sigmficantly differ at 
the .01 level between T, lineola, T. 
quinquevittatus and T. similis. Highly 
sigmficant dlfferences (.01 leve}) were 
detected in wmg length and number of 
ovarlo1es of females of T. lineo/!:! :::ül1tcted 
ln 1980 and 1981; no statlstical differences 
(.05 levell wlre detected ln T, quinque
vittatus and T, similis (Table 20). 

The correlatlon between the number of 
ovarl01es and wing length as analysed by 
hnear regression is presented ln Flg. 4 for 
T, !ineola and T. similis, and in Fig. 5 for 
T. quinquevittatus. Number of ovariolts 
was found to vary proportionately with the 
size of specimens. 

3.11 ENDOPARASITES 

Encysted endoparasltes, probabJy 
Oiglochis occidenta/is, were found ln the 
abdomen of 2 males and 4 females of H. 
lasiophthalma, .and 1 female of H. nuda. 
They were general1y cOl1ed around 
Halplghian tubules of their hosto The 
number .of encysted endoparasl'tes was 25 in 
each male, and varled frQm 2 to 11 in 
females. No apparent damage was done to 
the reproductive system. They were found 
from early to late June in both sampling 
years. 
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4.0 DISCUSSION 

4. 1 SEASONAL 
DIS TRI BUT 1 ON 

Seasonal fl1ght perlods were generally 
slml1ar to those of compar~ble latItudes 
(Tesl<ey 1960; Pechuman and Burton 1969, 
Smlth et al. 1970, Matthysse et al. 1974, 
Magnarelh and Peffiuman 1975; Hagnarelll 
1976, Gohm and Wright 1978; Lewis and 
Leprince 1981; Leprince and LeWIS 1982; 
Barlbeau and Maire 1983b, 1983c, ThIbault 
and Harper 1983). VarIatlons could be 
aHrlbuted to speCles abundance, alhtude 
and chmatlc factors of dlfferent years. 
Only one generatlon a year was detected 
among the varlOUS S'peCles. Specles 
collected ln the present study have been 
repor1ed ln the temperate reglon of Guebec 
(Barlbeau and MaIre 1983a). 

4.2 PARITY AND 
PHYSIOLOGICAL AGE 

Most females dlssected had stage I
II or II termInal iolhcles charac1erlstlc of 
ovarlan dia pause and blood seeKmg 
behavior. ThiS ovarlan arrest 15 Known to 
be food-medla.ted ln anautogenous 
populatIons but al sa lri autogenous 
populations after thelr hrst OVlposltlon 
Œplelman 1971). One exception is known 
among autogenous tabamds, a pangonllne 
horse fly, Apatolestes actite...e;o Phihp and 
Steffan, whose Immatures mhablt coastaI 
sandy beac:hes in Cahforma, was found to 
be bl-autogenous (Lane and Anderson 1983; 
Lane et al. 1983). 

Conclusive proof of autogeny IS 
obiained only when eggs develop completely 
wlthout the female taklng a. blood mea.l. 
Autogeny may be lnferred Indirectly li 
there lS an absence of nulhparous hast 
seeKmg iemales ln the field at the 
beglnmng of the fllght season (Thomas 
1972; Troubridge and Dimes 1975). In 
south western Quebec, H. ,frontalis would 
be autogenous Slnce no nulhpars were 
collec1:ed ln both samphng years. Specles 
WhlCh showed nulhparous flIes in ovarlan 
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dlapause troughou1 most of thelr seasonal 
fhght period were consldered 
anautogenous. Anautogenous specles ln 

~ southwestern Guebec would mclude H. 
epistates, H. lasiophthalma, H. nuda, H. 
sodalis, T. iineola, T. quinquevittatus and 
T. similis. In most of these specles, fresh 
blood was found ln the mldgut of nulhpars 
supportlng the evidence ior anautogeny. 

~ 

Anautogeny has been reported for H. 
a,fflms, H. pechumani (Thomas 1972, the 
latter as H. t~phus, Thdmas personal 
communIcatIon 1980), H. eplstates, H. 
illota, T. lineoia1 T. S'ùmiie (Troubrldge and -
Davles 1975, Magnarelh 1976>, H.laSl.·oph
thalma, H. nuda (Thomas 1972, Magnarelh 
19f6), H. sodal4-~ (Magnarell1 1976), and T. 
quinquevittatus (Magnarelh and Pechuman 
1975; Magnarelli 1976). Autogeny oi H. 
,frontalis was r)oted by Thomas (1972). 

Based on the rapld rate of lncrease of 
the proporhon of parous females WhlCh 
remamed at high levels thereafter 
Troubrldge and Davles (1975) suggested 
that H. lasiophthalma and T. qUlnque
vittatus were capable of facultatIve 
autogeny <t.e., aHecbng only a part of the 
popula tion) ln southern OntarIo. 1 n 
southwestern Guebec, total percentages of 
parous females never exceeded 36% and the 
ra te of Incr~ase of Pirous females during 
each season VIas much lower ln both speCles 
and samphng years th an the ones reported 
by Troubrldge and Davles (1975). 
F acultatlve autogeny does not seem to 
occur ln these specles ln the area studied. 

Aurol <1ge2) stated that variatIons ln 

the total number of captures were not taKen 
lnto account ln the crltena set by 
Troubrldge and Davles (1975) for 
facultative autogeny. From Troubrldge and 
DaVles (1975) data, AurOl '(1982) noted that 
the number of nullipal'ous females captured 
durmg' 1 weeK was always greater than the 
number of umpars captured the nex-t weeK 
(the only exceptIon was in the flrst weeK) 
and concluded tha-t H. lasiophthalma was 
anautogenous. 

Several factors might m-fluence the 
rate of lncrease and the proporhon of 
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parous females ln anautogenous 
populatlons' pattern of adult emergence, 
blood feedlng success, species abundance, 
cl1mahc cond1tl0ns durlng ft>male host
seel<lng activlty, nectar or carbahydrate 
resources, samphng (effort, frequency and 
habitat), selectlvlty of trappmg methQds on 
specles, parous and nulhparous fe maln. 
Therefore, In absence of laboratory rearing, 
careful exammation of thè field data IS 
mandatory before 5uggesbon of facultatIve 
autogeny. 

filles were consldered umparous 
because only one dllatatlon of the wall of 
the ovarlole was present ln dlssected 
parou5 females. No blparous fbes were 
Idenhfied by ovarian dlssechon as ln 
earl1er studles (Thomas 1972, Troubrldge 
and Davles 1975; Magnar-elh and Pechuman 
1975; M agnarell1 1976); 1t.-1S perhaps 
rela1ed to the importance glven ta the 
number ot dIlatations of the wall of 
ovarlole durmg dls,section lnstead of the 
number af yellaw bodIes as in the studles 
mentloned above. Magnarelh and StoHolano 
(1980) reported that only 1 foIricula.r.rebc· 
(= dllatabonl pel' ovaNole was found aHer 
2 ovarian cycles in Tabanus nigrovittatus 
Macquart females. They hypothesized that 
dllatahons do not form .separately after 
each ovarlëtn cycle but thM't contractIon of 
tIssues results in the creat10n of a single, 
largely expanded unit l''esultmg in an 
inaccura te estIma'bon of phYSlological age 
af tht> specImens. Tht>y aIso mentioned that 
slmllar praEilems ln dIlata'hon formation in 
Known multiparous indlvlduals were 
reported for T. qufnquevittatus and 
Chr:;sopS' atlanticus Pechumai'\. Perhaps 
the specles studied in south western Guebec 
do not develop more than one dilatatlon 
after 2 avarun cycles, th us explaming the 
absence of biparous mdivlduals among 
nearly a thousand parous Temales dissected 
ln two samphng years. The presence of 
fresh blood ln pars of H, epistates, /1, 
lasiophthalma, r. quinquevittatus and T. 

, similis lS a further Ind1ca.tIon that females 
were try'ing ta start a second gonotrophic 
cycle. 

, , 
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Lane and Anderson (t 982) found 1 to 
3 ovarlole dllatlons m females of Chr31Sops 
hirsuttcalluS' Phlhp durlng a two year study 

- -ID-... Cahformi. They concluded that 
Polovodova's method of countmg the number 
of avarlOle dllata'hons (each of., WhlCh 
corresponds to a prevlous OVlposltion) was 
rehable for thlS specles to determme the 
number of ovarlan cycles. 

Although the number of helfers in the 
study area remamed approXlmately the 
same dunng the twa sampl1ng years, the 
percenta'ge 04 parous females ln 
anautogenous speCle s was varable fram 
year to year', A comparlson of parity rates 
of the most abundant specles (year, total 
number\of specImens collected, percentage 
of parous females, anthrone positivity of 
nuillparous females) IS present-e~. 
epistates <1980,262,38,95), (1981,96,15,82), 
H. lasiophthalma (1980,317,37 ,83), 
<1981,622,31,82 comparlson shrted June 
13), T. lineola (1980,27,38,100), 
<1981,43,44,75), T. quinquevittatus 
(1980,912,31,~m, <1981,428,35,85), T. similis 
(1980,34,45,76), (1981,55,17,60). Par-ity 
rates were more variable in specles at low 
dens1tIes. High density and hlgh or constant 
anthrone posltivl'ty J'ftes (as 10 H. 
épistates ln 1980, K. làS'iophthalma a(ld r. 
quinquevittatus ln 1980 and 198j) were 
accompanied by hlgh pa rit y rates. Low 
denslty and anthrone pOSl'tivlty rates (as ln 

H. epistates and T. similis in 1981 but not 
in T. lineola ln 1991> were accompamed by 
lower panty rates. It IS unl<nown to what 
extent lower parity ratu were relawd to 
a lower incidence of a carbohydrate diet ln 

null1parous Hies or more ~ely unfavorable 
cl1matic condit10ns WhlCh cotJld both affect 
blood and nectar feeding actlvlty. 

4.3 OVI POSITION 

Immltdiately aHer oVlposition, the 
posterlor part of the .folllcular tube of a 
tabanid female lS sac-hKe and about the 
size of a recently shed egg, it wIll contract 
further and -debns inSlde WIll form a 
distinct "yellow body" ln about 2 days 
(Thomas 1972). It then follows thÙ 

" 

" 
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evaluatlon of egg laylng perlod based on 
the presence of dlstended folhcular tubes 
ln tabamd females could be at the most 2 
days earher than recorded by dissectIon. 
Apart from H. epistates, T. catenatus and 
T. lineola, percent.lges of parous females 
wHh sac-stage ovarlOles were WE'll over 
50'" each yeu ln remcllmng specles WhlCh 
me ans that hast-seeKlng behaVlOr started 
le 55 than 2 days aHer OVlposltlon for most 
parous females ln soufhwestern Guebec. A 
systemat1c record of pars w1th sac-hl<e 
dllahtlons has only been mentioned by 
Magnarelh and Pechuman (1975) for 7'. 
quinqueuittatus ln New YorK State. They 
reported an Incldence of 71'" (rt = 96) and 
44,.. (n = l8D pars w1th sac-hKe dll~tatlons 
for two dlfferent locahtles (a mean of 54%) 
and Oc_cu,cr1ng from early July to early 
September w1th a peaK ln m1d to late July. 
Slmllar occurrence and InCldence (pooled 
data) were found ln southwestern Guebeç 
(Table 12) lnd1catlng that peaK and perlO~ 
of OV1poslt10n were simllar. 

4.4 EGG RETENTION 

E:gg retention could not be used solely 
ta determIne parlty ln female horse fIles 
SInce 1t only occurred ln 12% (Table 14) of 
the pareus females d1ssected and was qUlte 
varIable among spec1es and between 
sampllng yea.rs. H orrlS and De l' oh art <1970 
reported thai 30% of parous females of H. 
lasiophthalma retamed eggs. Accordmg to 
the present stud)', mCldence of egg 
retentIen generally lncreased a Her the 
peaK of parous females. Thelr results are 
perhaps averes'hmated because a greater 
proport1on of specimens were dissected a"t 
the end of the fhght perlod. SlmIlar rates 
of egg re"tentlon were reported ln Alberta 
by Thomas (i 972) ln N. frontalis (20'.), N. 
laGIOphthalma <10%), H. nuda (ZE=%) and H. 
pechumani (6%. as H. t~phus) and ln New 
YorK Sta te by H agnare III and Pechuman 
(1976) for T. quinquevittatuG (7.6%). 

4.5 SPERM PRESENCE 

Sperm were not present ln the 
spermathecae of 16% of the nullipars and 
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6r. of the pars d1ssected (Table 15). The 
hlgher proportlon of sperm 'posltive parous 
females as compared to nulhpars 1S pel"haps 
related to the oidel" age of parous females 
and greater chances to be lntercepted by 
a male. It IS further substantlated by the 
~Hgh perc:entage of unmated nuillparous 
females at the beglnnlng of the fhght 
season Wh1Ch decreased thereafter. :> 

Popula hon peaKs were rela ted Wl th 
peal< of pal"s and hlgh rates of sperm 
presence (H. eplstates ln 1980, N. lasioph
thalma ln 1981 and T. qwnqueulttatus ln 

1980 and 1981). Smce males usually emerged 
1 to 3 days before females, theIr peaK of 
abundance would have cOlnClded with female 
populat10n peaK5. The abundance of males 
would then benefit the unmated fe.!11ale 
populatlon (blood-fed and non blood-fed 
nuillpars and pars), 

The proportion of sperm negahve pars 
and nullipars attracted to carbon dlOl<1de 
baited traps was simllar io sperm pOSitIve 
females, and -thelr stage of follicular 
development was-I-ll or Il WhlCh means that.,y 
these females were seeKmg a host without 
having mated. In southwestern Quebec, 
ma tlng generally occurred prior to blood 
feedlng but dld not seem prerequlslte to 
host-seeKmQ behavlor. FUl"thermore host
seeKmg behayior, mtaKe of blood', sugar 
feedlng, egg maturatIon and OV1posltlon 
would normally occur ln unrnated females as 
cenf1rmed by the presence of sperm 

, negatlve pars. 

Lane a.nd Anderson (1982) reported that 
mating preceded blood feeding in C. 
hirsutièallus based on sperm presence in 
17 host-seeKmg nulhpars. From the 
dlssectlon of 293 speClmenS,. Lutta (1970 ln 

Chvala et al. 1972) observed that 99.9,.. 04 
females contalned sperm and concluded that 
females only seel< blood aHer ma.tlng. 
L~rince and Lew1s (1983) observed that 
96'Yo. of 'the pars and nulhpars were mated 
and suggested that matmg occurs pnor to 
host-seeKlog ln nulliparous females and 
that enough sperm is contamed ln parous 
females for a second gonotrophlc cycle. 
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The presenc~ of sperm negà. tlve pars 
could al'so be explinned by sperm exhaustion 
durIng OVlposlhon. Then matlng would 
l''efre;sh or replemsh the sperm restorve of} 
parous females. It wouid aiso be hlghly 
detr1men'tal to egg fertlhty and to 
sulfsequent ovarlan cycles becausto matlng 
would be requ1red aHer èvery OVlpos1tion 
wh lIe male denslty is contlnuously 
decreaslng. It would be of cl def1.(\1te 

J 
advantage that the amount of sperm 
transferred to a female remam v1able and 
last for several ovar1an cycles. 

The absence of sperm ln parous 
females could be used as a relatlve 
estlmate of the number of unfertllized egg 
masses laId by females under fIeld 
condltlons. Although varlël.ble be1ween 
samphng years and species, percentages of 
unfertllized égg masses would have been 6% 
(n = 972) ln horse files in 1980-81, 8% (n 
= 485) in H:rbomitra and 3% (n = 485) ln 

Tabanus (Table 4a-b). A portlon of the 
populatIon of parous females mlght mate 
a Her OVlpOSI hon, or ex h aust thl!!r sperm 
~serve before completlon of Oviposltion; 
b-t./th events mlght coun1erbalance each 
other. 

Compared to 1980, the ,population of H. 
epistates ln 1981 decreased by almost half 
(conslderlng the trappmg effort; Table 4a), 
the Inndence of parous females decreased 
by more 1han half (38 to 15%; Table 6), and 
only 64"0 of the parou5 females were mated 
(93'0 ln 1980; Table 6) •. 4. signH1cant drop 
ln the number of fertihzed eggs occurred 
in 1981 as compared to 1980. DIfferent 
productIvlty of fertlle eggs between years 
mlght help to explam yearly fluctuations-ln 
populatIon density in a. given habitat. 
PopulatIon fluctua.tlons could then perhaps 
be predicted from sperm presence, 
proportion of pars and populatIon denslty. 

4 .6 SUGAR PRESENCE 

The incldence of sugar feeding (as 
detected by the presence of fructose by 
anthrone test) was slmlar to the one 
reported by Lewls and Leprince (19.81> in 
'their study of tabamds feeding on caftI'e at 
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the sa me locality.,lt IS Important to note 
that negahve tests do not 'ife.rqonstrate that 
females have never sugar fed (Bidlingmayer 
and Hem 1973). Magnarelh and Anderson 
(f 981) reported lower Incidence of sugar 
feeding among tab-anids collected ln 

Connecticut by the anthrone test: H. 
epistates 81 %, H. lasiophthalma 81 %, H. 
sodalis Sey. and T. qwnquevittatus'71'1.. 
Discrepancles between the two studus 
mlght be related to a greater incidence and 
concentration of fructose in sugar sources 
(floral nèctArs, plant .iJices and honeydew) , 
ln southwestern Quebec or a greater 
incidence of glucose in suga.r sources ln 

ConnectIcut WhlCh mlght have been 
unde1ected by the an1hf\pne 1est. But It 
couid aiso be related to the methodology 
employed. M agnarelli and Anderson <1981> 
crushed the body par'ts of the speCImens 
Wl th a glass rod and recorded 1he results 
wlthin 30 mln of...-- reagent actlvi'ty. 
Speclmens wlth a small amount of fruc'tose 
might have been overlool<ed due to reaction 
of SUlfUrlC. aCld with the crushed body parts 
of the insec't. In the present study, only 
the dlvedicula were tested ins'tead of the 
whole insect body. LaU <1969; 1970a) with 
Chr~Gops -vittatus Wiedemann, and 
Stoffolano (1983) wi th i. nigrovittatus 
demonstrated that sugars were directltd to 
the crop (d"ertlcula) and blood to 'the 
mldgut. 

Glucose has been detected by thin
layer chromatography from the crushed 
bodies of tabarnds (Magnarelli et al, 1979; 
Magnarelfi and Andérson 1981> but its 
or1g1O was qUl'stionable since glucose is a 
component of vertebrate blood and may also 
result from enzymatic hydrolysis of stored 
energy reserves, (glycogen) carried over 
from lmmature stages (Ma~arelli and 
Anderson 1981). Lall ct 970b) demonstrated 
the presence of glucose and fructose by 
paper-partition chromatography of the cr op 

_ flUld of C, vittatus. The anthrone te5t 
should b.e conducted on the diverticula of 
tabanids lnstead of the whole body 'fo 
provide more accurate and comparative 
r~sults and prevent,conta,!,ina'tion from 
crushed body of 1nsects. It would then allow 
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th~ detec'hon of glucose and other sugars 
fr·om the carbohydrate meal by proper 
de techon methodology. 

Sugar muls appeared to be 
lnsufflClent to promote ovarlan 
dev'elopment slnce host-seekmg females 
had oocytes ln stage I-II and II. SlmIlar 
results were repor'ted by Ma.gnarelh and 
Anderson (1 9 e 1) • 

HIgher rates of sugar presence ln both 
samphng years of pars of T. qUlnque
uittatus mlght reflect a depietlon of the 
fa t body reservés aHer OVlposltl0n. Parous 
fe males of other speCles mlght have sugar 
requlrements slm,llar to nuillparous 
females. 

Most sperm negatlve nulbpars acqulred 
a sugar me al before matmg <Table 15). 
M agnarelh and Anderson (1979) reported 
that some females of C • .fuliginosus 
acqulred nectar sugars prlor to matlng and 
OVlposlhoni and that they oViposited more 
readily if fed on 1 0% sucro~e solution. 
M agnarelll a.nd Stoffolano (1990) noted that 
vertebrate blood a.ppeared insufflClent to 
mamtaIn aIl T, nigrovittatus through the' 
mimmum perlod r'equlred for oocyte 
ma turatlon and OVlposltl0n without sucrase 
·supplement. Hocl<lng (1953) r'eparted that 
survlval and fhght of blood seeKmg females 
were dependant upon carbohydratês and 
other nu1:r1ents ln nectar'. Stoffolano (1983) 
confirmed that a preVI0US meal of sugar' or 
blood did not preclude lm medIa te feedlng on 
the other sustance m T, nigrovittatus. In 
Germany, Kmepert C19S0) mentloned that 
53% of the females and 69Yo of the males 
were anthrone pOSItIve. Magnarelh and 
Anderson (1981) noted tha~ the maJOrity Di 
fe males (nulhpars and pars) contalned 
nectar sugars, and suggested tha1 
carbohydrates were essenhal dletary 
nutnents. Acc:ordlng to the high tncldenc:e 
of fructose in host-seel<tng tabamds ln the 
present study and the precedmg hter'ature 
lt IS 5uggested that carbohydrates are 
essentlal dletary nutrlents durlng the 
enbre adult hfe of tabamds by provldlng 
the energy for baSIC: metabohc: achvlhes. 

,:" , '.~' f ~ \_, ',l 
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Palred pollema of Ascleplas ~rlaca 
have already been reported on females of 
T. atratuG, T. quinqueuittatus and T. 
similIS {LeWIS and Leprmce 1981> and males 
of H, $odalis (Leprince et al, j 983) ln 

southwestern Guebec. Their presence on 
females of H, eplstatt~G and T. similIS IS 
reported hereln for the f1rst t).")e ln 

Guebec. Only 1 female of T. qÙltlque
vittatus had poll~ma m 1980 (912 females 
collec:ted) as compar-ed to 17 ln 1981 (428 
females collected). The lnCldence of 
pollema was nct related to the denslty of 
the "tabamd populahon bu1: to the 
avallablhty of flowers smCJ? ln 1980 forest 
margms where most A. sS'J"laca plants were 
growlng was cu1 1wlce 1hus preventlng 
flowel'1ng. Slnce InCidence of anthrone 
POSItlVity was approXlmately the same for 
r. quinquelJittatu.9 durlng the 2 samphng 
years. it 15 ImphClt that females were 
opportunishc and relied on other 
carbohydrate sources ln 1980. 

4.7 8LOOD PRESENCE 

Blood meals were found ln the mldgut 
of ar. of the females horse fhes collected 
ln southwestern Quebec. The mldgut ha.s 
already beeh reported as th~ destinahon of 
blood meal ln tabamds; La~ (1969), Bosler 
and Hansens (1974), Magrfarelh (1976), 
Magnarelli and And!rson <1990a), J{niepert 
(1980), Frlend and StoHolano (1983, 1984>, 
and Stoffolano (1983). InCIdence of partial 
blood meals reported ln hbamds from 
prevlous studles varled from 2 to 10 ,..; 
5.9". b~ Bosler and Hansens (1974),'2,.. by 
Magnarelh (1976), 10% by Magnarelli and 
Anderson (1980a), 9% by Kmepert (1980), J" 

and 10'. by Lane and Anderson (j 982). ' - 1 

Anthrone p~'~t~lvl ty was 78% In( __ 

specImens wlth_blood; in the mldgut. Bosler 
and Hanse nsi ( 1 974) teported tha t the crop 
of 77'. of the blooded females of r. 
mgrolJittatus we~e dlstendedi it lS 

assumed that crop l:ontamed carbohydra~e 
meal a.s shown ln prevlDus studles (see 
sugar feedlng). Fl"om laboratory 
expenments, Stoffolano (1983) 
demon\ptrated that a prevlous me al of sugar 

j ., 
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or blood does not preclude unmedu te 
4eedlng on the other substance. 

Desplte th.e presence of fresh blood in 
the midgut of host seeKlng pars and 
nullipars, females with a full blood mea1 
\\Iere rarely collected. It seemed that unIes! 
a sufflcient amount of blood 1S taKen ta 
allow the development of a maximum number 
of oocytes, the fly shll remams ln the host 
sU'king behavlor thus enhancmg its vector 
potentlal. l'ully blood fed females would 
exhlb1t a cessation 04 host seeKing behaV10r 
and wouid not be collected by the Canopy 
trap deslgned to aHract hast seeKlng 
females. As the cessation of blood feedIng 
behav10r of RhodmuoS" prol!xuoS" ShI has 
been' shown ta be under the control of an 
abdomlnal :>tretch receptor <Maddrel 1963; 
Anwy 1 1972), 1t 15 5uggested tha t a slmilar 
mechamsm eXlsts in tabamd females. 

" The presence of fre5h blood ln hOSl 
seelUng pars and nuillpa.rs lS lnter-preted as 
an IndlCahon of multlple feeding resulting 
from feedlng interruption. Based on visual 
examinahon of tabamds on cattle, 
Magnarelli and Anderson <1980a1 estimated 
the frequency of mterrupted feedmg of H. 
epistates to 54%, 32% in H. lasiophthalma 
and H. sOdalis, 84% ln T. atratus, 25% In 

T. lineola and 26,.. ln T. quinquevittatuoS". 
They stated that the posslbllity of 
mechamcal transm1ssion of pathogens by 
hbanids increases wlth the frequency of 
interrupted feedlng. 

4.8 CARBON DIOXIDE 

Ca.rbon dioxldl' mCl'l'ased by almos<t 
6-~old the number of horse flies collected 
in Canopy traps. It therefore represents an 
advantage In studles where large numbl'rs 
of speCImens are required for biologlcal 
studles or pathogen screemng. Roberts 
(1976) reported an increase ln the tabanid 
catch from 2 to 4-fold in dlfferent Canopy 
traps wh en carbon dloxlde was released at 
a rate of 100 mIl min. The release of 4.0 
lImm Di carbon dloxide was shown ,to. 
Increase the catch of tabamds by 13-fold 
ln MalaIse traps <Roberts 1975). Roberts 
(1972) estima ted the re lease of carbon 
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dloxide of lactating dairy cows to 3.5 l!mm. 

P arous fliss of T. quinquevittatus but 
not of T. lineola were more ab~ant in non 
balted Canopy traps th an baited traps but 
no preference was shown by pars of H. 
lasiophthalma. Trends observed in pars of 
the two domi"nant horse Hies, H. lasioph
thalma and T. quinquevittatus, were 
conSIstent each· samphng yeu and are 
believed to be rehable. Mixed attraction to 
non baited traps occurred from year to yur 
in pars of H. epistates, H. nuda and T. 
$fmilis. Varlabl1ity in the response of pars 
of these specles IS perhaps related ta low 
population levels of pars ln one of the 
sampllng year. At low densitles, the 
response of pal'S to carbon d10xlde is more 
liKely to be sl<ewed from the general trend 
of high populatIons densities. The 
InterpretatIon of the attractivene!s of 
carbon dI0xlde to nulhpars and pars of 
horse flies should be made with caution 
especially if it is based on a secondary 
species and cne sampling season. 

4.9 ATHOSPHERI C 
CONDITIONS 

The 10wes1 temperature threshold of 
hast 9'eeKing adivity for 10 of 13 tabanid 
species ranged from 15.6 to 22.20c. 
SpeCImens col~ected between 15 to 200C 
probably warmed up in sunlit exposed 
places before flight. This range is close ta 
th e one reported by Anderson et al. (1974), 
20 to 21.7oC, in northern Califormcl. In New 
Yorl< Sta.te, Tashiro and Schwardt <t949> 
found Uttle bitmg ac'bVlty below 22.20C. In 
Quebec, Iittle flying adivity wa5 recarded 
in the' temperate climatic zone when 
temperatures were below 21 0C in the 
Laurentians (Thibault a.nd Harper 1983), or 
below z.o0C in the Trois-Rivières area 
(Saribeau and Maire 1983). 

Climabc factors surveyed in the 
present study are more or less linked ta 
each other. A muitivariate analysis should 
be carrled on the data before one can 
assess the l'elative impPf'tan'ce of euh 
factor on the host seeking activity of horse 
fhes ln southern Quebec. 
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4.1 Q. FECUNDITY 

The number of ovarloles of dlHerent 
TçbdnUG spedes collec1ed in sou1hwes1ern 
Quebec showed considerable variation 
(Table 19). Although conclusive proof 'tould 
only be derlved from a greater sample ghe, 
females of T. line-ola were slgnificantly 
larger and had greater number of ovarioles 
ln 1980 than 1981. No dl Herences were 
observed between the number of ovarioles 
of T. quinque-vittatus and T. similis ln both 
samphng yurs. Similar resul1:s were 
obtuned ln both sampling years for 
Chrijsops univittatus Macquart (Leprince 
and Lewis 1983). In mosquitoes, Coll us and 
Chellapah (1960) found that number of 

, oocytes varied with body welght of Aedes 
\, ~èg ". L' 'v' fI, '9P"l ( mnaeus). 

\ , ' 

1 Ratio of wing length (mm) divided by 
t",ean number of ovarioles could be used to 
Icompare diHerent specll~s. A lower ratio 
~as faund ln T. atratus (28.9), T. 

.Jatenatus <32.3) and T. quinquevittatllS' 
<2.6.5), as compared to those found in T. 
lineola (49.5) and r. similis (53.6). The rate 
of increment varied dHferently""'between ,{ 
specin of the same genus. The ratic>- o! C. } 
unlvittatus would be (50.9) from Leprlnœ-' é 

and Lewis (1983) data. 1 5uggest that the 
ratio lS species speclfic. Variations in the 
number of ovarioles o~ speCImens belonging 
to the samè or differel'lt geographlcal areas 
wauld vary along a specles specific 
r!"gression line. Leprmce and Lewis (1983) 
suggested that the number of oval'ioles In 

tabanids is probably related to the amount 
of store-d nutnent carried over from the 
ll1)ma1:ure stage, its considerable variation 
may reflect a variety of larval habitats. 
They aIso suggested tha1: the number of 
ovarioles could be used as an ind&x of 
species conditIon and perhaps used to 
assess the quality of larval habitat of one 
specits over its geographical range. 

The number of ovarlales and the ratio 
couid be used by taxonomists as a tool ta 
explain taxonomic relatlons between 
species or group of specles. It could also 
be used by ecol09iSt5 ta understand the 
dynamics and the reproductive strategy of 
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populations of tabamds. I{nowledge of the 
number of avarioles of dif.ferent speCles 
>~ith the number of eggs after an 
anautogenous or autogenous oviposition 
woulèf help 1:0 assess the validity of the 
evaluation of physiological age by 
Polovadova's method (e.g. if only half of, t~e 
oocytes develop dter a full blood meal and 
the remaining part aHer a second, thlS 
could lead to an underestimation of the 
number of ovarian cycles and vector 
potentlal of a biting +1y). 

Bl-autogeny Implies that the fat body 
l'l'serve exceeds the potential egg 
production of one ovarian cycle. Then, in 
the absence of ovarian dlapause and 'egg 
retention, foIlicIe developmen1: would occur 
withou1: a bload mul ln prevIously used 
ovarioles. Otherwise bl-autogeny could 
refer ta 2 batches of eggs laId at different 
periods by thè same female but by dlfferent 
set of ovariolesi bl-autogeny would then 
l'l'fer to asynchrony of follicle deve"lopment • 

Bngelman (~970) s1:ated that number of 
eggs possible per ba tch is determined by 
number of oocytes present in avarIes, 
Suboptlmal food quantity lower egg 
production by allowing maturation of only 
a fraction of the prlmary oocytes. The 
evaluatlon of the number of ovarioles could 
also help to determine the proportion of 
active avarioles based on the number of 
eggs lald after each gonotrophic cycle. 

4.11 ENDOPARASITES 

Gregarlous endoparasites of tabanid 
larvae and pupae are Known fram 2 famllies 
of Hymenoptera: Diaprildae (Trichopria 
spp.) and Pteromalldae (Olgloc:his 
occi~e-.ntctliG Ashmead) (James 1963i Tesl<ey 
1969i Magnarelh and Anderson 1980b). The 
number of encysted endoparasites varied 
from 2 ta 25 in horse fbes ln southwestern 
Quebeci the se paraSItes could belong to one 
or both of these hymenopteran parasitic 
groups. This suggests that immature 
ta.bamds can survive a parasrlic mfection 
and still becorne funC"tional adults. 
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Flgure 2. Loc:ahon of Canopy traps near the entrance of the Morgan Arboretum 

(Samte-Anne-de-Bellevue), Guebec, 19aO-S 1 
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Figure 3. Susonal succession of horse fhes <H'$boœitra a.nd Tubanus) collected 

~fI Canopy traps ln SAinte-Anne-de-Bellevue, Quebec, 1980-81 
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Figure 4. Potential fecundity of 'l'ab anuS' lineola and TabanuS' similis in 

southwestern Guebec 
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Figure 5. Potentlal fecundity of Tabanus quinquevittatus in southwestern Quebec 
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'7' ABlE 4a. Summ.arw of parity rates, sperm presence, and anthrone pOS11:iVlty of horse 

flies (//~ollJitra and Tabanus) in south western Guebec 1980-1981 

Nulliparous Parous 

SpeCll!S . tt An. Sp+ At+ An. Sp+ At+ 

,,-

H. a.F /inlS 5 5 40 80 0 

H. epistates , 358 238 7.5 91 111 92 91 

H • .Frontalis 63 0 61 93 74 } 
H. illota 7 4 75 100 3 100 100 

H. lasiophtl!alma 1320 847 82 85 272 90 83 

.~, 

~ H.nuda 106 85 87 85 15 100 87 

H. microcephala 14 0 14 100 71 
<" 

H. pechumani 2 0 2 100 100 

H. sodalis 37 27 89 78 9 100 89 

Sub-total 1912 1206 81 86 487 92 84 ~ 
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TABLE 4b. Summary of parity rates, sperm presence, and anthrone Pf?sitivity of haru 

Hies (H:Jbol/Jitra and Tabanu,f) in southwes't'I'n Guebec t980-t981 

[continuedJ --' . . 
J, 

/ 

.. 
Nulliparous p'arous 

r ) 
An. Sp+ AH An. Sp+ At+ Species , 

T, atratus 1 100 -tOO 0 

T, catenatus 6 ~ 6 tOo- 33 

sr 
'-' T.lineola '~"["U 70 40 90 . 85 29 • 93 83 ; -.l....J 

.! <./' 

T. quinquevittatl,ls' 1340 ., 906 ' ,89 85 427 98 95 
", 

T. similis 89 62 71- 65 23 96 61 

d 

Sub-total 1506 .1009 88 84 485 97 921 

.. .... 
TOTAL 3418 ~ 84 85 ,; 972 94 88 

" . , . 

.. Humber of specimens coUected 

An. Humber ~f specimen$"'&fI&1ysed 
/ 

" Sp+ Percentol-ge of -",'ci mens containing sperm 

At+ Percentage of. anthrone positive specimens 
,II 

-:\ 

• 

:.. 
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TABLE 5. Parlty rates. sperm presence. and anthrone posltivlty of H~()mitra al'/iniS' 

and H~omitra illota ln south western Guebec in 1980 and 1981-

NulliparOl.JS Parous 

" DATE tt An. ' Sp+ At+ An. Sp+ At+ SSO 

R:ybomitra a/finis 

800624 3 3 33 100 0 
l' 

810613- 100 0 0 
810618 0 100 0 

TOTAL 5 5 40 80 0 
.. 

(. \ 

H:ybomitra il/ota 
,. 

. 800613 100 100 0 

810605 5 3 67 100 2 100 100 50 
810618 1 0 - 1 100 100 100 

TOTAL 7 4 75 100 3 100 100 67 

</;> .. / 
1 

1 
1 
1 

tt Number of specimens collected 

An. Number of specimens analyse~' 

Sp+ Percentage of specimens contaming sperm 

At+ Percentage of anthrane positive specImens 

r- SSD Percentage of specimens wi1:h sac-stage avarlole 
. 

4l 

( 
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TABLE 6. Parity rates, sperm presence, and anthrone po!htivl'ty of H:}bomitra 

ç, 

epistates in south western Quebec in 1980 and l'lei 
-' 

) 
,1 

"!J 

~ 
~ 

J \' 
Nulliparous Parous 

,p 

_f 

DATE .. ySP+ At+ An. Sp+ AH sso 

800613 4 50 0 1~ 4 7S , 
800621 4 4 50 100 0 !~ 
800424 52 40 ,73 95 11 100 91 18 ~ 

800703 62 43 88 1 100 , 18 94 89 67 
800711 29 15 93 93 12 , 100 100 50 
800718 51 21 96 100 30 93 90 47 
800725 43 23 87 91 18 -94 100 33 
800731 14 8 88 88 6 100 67 17 

,-

800807 ." :3 1 100 100 2 100 100 100 

1 Subtotal 262 159 83 95 97 96 92 44 

810605 11 11 5S 100 0 
810613 30 19 63 79 8 63 88 13 
810618 28 23 48 74 5 60~ 80 20 
810624 ,3 3 100 100 0 
810702 9 8 63 88 1 100 100 0 
810711 4 4 75 75 0 
810716 2 2 (} 0 0 
910724 9 9 79 100 0 

Subtotal 96 79 59 82 14 64 86 14 

TOTAL 358 238 75 91 Hl 9.2 91 41 

.. Number 0-1 s,pecimens collected l . ~ ... ~ ,'" 
An. Number of specimens analysed 

Sp+ Perc:entage 0-1 specimens containing sperm 

l' "'\t ' At+ Percentage of anthrone positive specimens -• sso Percentage of specimens with sac-stage avariole 

l 

" 'J 
:;-:-:t" 

o '<:> ~ 

~ 
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Table 7. Parlty rates, sperm presence, and anthrC!ne pos1t~vity\ of H~ol11itra 

Frontali6 in southwestern Quebec in 1980 and 1981 

Nulliparous Parous 

DATI!: tt An. 5p+ At+ An. Sp+ At+ ' SSO 

800613 2 0 2 100 100 50 
800624 10 0 10 90 90 60 
800703 15 0 13 100 69 54 
800711 1 0 1 100 100 100 
800718 4 " 0 4 100 100 100 
800807 1 0 1 100 100 100 
800818 1 0 1 100 100 100 

Subtotal 34 O' 32 '~ 84 r\ 66 

810605 1 0 .1'.. 0 100 100 
S106p 

~ 

B , 1-00 63 38 8 0 
8J061S 6 0 6, 83. 67 83 
8t0702 9 ~O 9 89 44 78 
810711 2 0 2 100 50 50 
810716 2 0 2 100 100 50 
810724, 1 O· " 

1 100 100 100 

Subtotal 29 0 29 90 62 66 

TOTAL 63 0 \ - 61 93 74 66 

tt Nymber of specimens' collected 

An. 'Nymber of speclmens analysed 

Sp+ Percenta.ge of specimens containing sperm 

A t+ Percentage oi anthrone positive specimens 

1550 Percentage of specimens with sac-stage ovariole 
o • 

.. 
, ; 
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, TABLE 8. - Parity rates, sperm pre~encef and anthrone positivity Of" H:lbomitrtjl' 
~. 

la8iophthalma in southwestern Gutbec in 1'980 And 1981 

) 
Nulliparc,..Js Parous 

! 

, 1 , 
DATE .. An. Sp+ At+ An. Sp+ At+ SSO 

800613 84 58 71 86 14 c<~~ ~: 100 
800621 47 30 87 83 17 .- Y/-S8 71 
800624 145 90 ~3 81 S3 83 91 53 
800203 33 12 67 7S 21 '90 95 67 
800711 5 0 5 ~O 60 20 
8007-18 3 2 50 100 1 0 100 100 

Subtètal 317 

m~ 
83 Ul 86 91 63 ' 

8 Hl523 1 1 00'''''' 100 0 
810531 4(_ ~ ~8~ 97 0,' 
810605 333·\ S11 75 87 19 84 ~ 89 68 
810613 472 220 91 84 82 96 83 60 
810618 139 85 85 79 54 89 67 61 ' 
810624 9 4' 100 75 5 100 80 80 
810702 2 1 0 0 1 100 100 0 

Subtotal 1003 655 82 95 -, ~t------" 

----------- \ 

93 78 61 

) TOTAL 1320 ~~ ---------- 272 90 84 61 

-------------

ft Number of specimens collected 

An. Number of specimens analysed 

sp+ Perc:entage of specimens containing sperm 

At+ Perc:entage of anthrone positIve specimens 
1 \ 

sso Percentage of specimens with sac-stage ovariole 

o 

- ./ 
~ ... ~_>.b .. ~-:!'f"':~.ç.w 
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TABLE 9. Parlty rates, sperm presence, and anthrone positivity of H:lbomitra nuda 

~ and H:;bOll1itra microcephala in southwestern Guebec ln 1980 and 1981 
#111 

/ 

Nulbparous Parous 

DATE ft An. Sp+ At+ An. Sp+ At+ SSO 

H~omitra nuda 

800613 . 7 5 100 100 2 100 100 100 
800624 4 1 100 0 Z 100 100 100 

) 

810523 2 2 100 tOO 0 
810531 33 28 75 79 1 100 100 0 
810605 49 45 91 87 4 100 75 15 
810613 11 4 100 100 6 100 83 50 

;> 

TOTAL 106 85 87 85 15 100 87 67 

(: 

litpOl1Jitra mit:rocephala 

800731 2 0 2 100 100 100 
800807 8 0 8 100 63 88 
800813 1 0 1 100 100 100 
800824 

0
2 0 2 100 100. 0 

810724 1 0 1 100 0 100 

TOTAL 14 0 14 100 1 71 79 

., 

tt Number of 'specimens collected 

An. Humber of specimens analysed iii 

Sp+ P,rcentage of specimens containing sperm 

At+ Percentage of anthrone posiUve specimens 
, 

SSO Percentage of specimens wi'th aac-s'tage oV,aria!e 

(. .' 

\ 
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TABLIt lO. Parity rates, sperm p~esencet and anthrone positivity of H:Jbomitl'Q 

pechumani and H:;bomitl'Q Boda(i8 in southWRstern Guebec in 19.80 and . 

•• 1981 

t> 

~ 
~, \ Nulliparous Parous • r 
~, 

DATE ft An: • Spt At+ An. Sp+ At+ SSO t 
1; 

! 
, , 

~. lI,:;bomitra pechumani 6-
~ 

i .-
800718 1 0 1 100 100 100 

~' 800725 1 0 1 - 100 
"" 

100 100 
.' :, 
- TOTAL 2 0 2 100 100 100 

~' 

r-~ 

E t>-
~ H:;bomitra sodalia f' 
r: 
t: 800711 2 2 100 100 0 - .~\ - ---- -
,', 800718 15 12 ' 92 83 2 106. " 50 100 

'" f,' 800725 5 4 75 50 1 100 100 100 
800731 :3 1 100 tOor- 2 , 100 

ra 
50 

, ' 

810711 - 5 4, 100 75 .1, 100 00 100 -. 
~1 810716 5 3 100 100 2' 100 100 100 

810724 ,2 -1 0 0 1 100 100 0 
i,-, 

\ .-' 

i TOTAL 37 ,~ 27 89 78 9 100 89 78 
1 

-- #; 

t 
li( 

.-
ft Number of specimens collec'ted ~~.' , 

" .. 
% , An. Number of specimens analysed 1 

1-

t 
Sp+ Percentage of specimens containing sperm 

At+ Percentage of anthrone positive specimens , 
S~O Percentage 0-1 specimens'with sac ... stage Dvariole 

r- (. r-
~ 

~ 
'l • .. 
~-

~,,~ 

/ (.-

• 
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TABLE 11. Pa.rity ra.tes, -sperm presencte, and a.nthrone pOSltivlty of iabanus 

catenatus and T abanU6' lineola in 50uthwestern Guebec in 1980 and 1981. 

Nulliparous Parous 

DATE .. An. Sp+ At+ An. Sp+ At+ SSO 

Tabanu6' catenatus 

B00807 1 0 100 100 0 

810724 '3 0 3 100 33 33 
810731 1 0 .: 1 100 0 100 
810807 1 0 - 1 100 0 0 

Î' 

TOTAL 6 0 6 100 33 33 

Tabanu6' lineola t· ~ 

t. 800711 1 1 100 100 0-
800718 11 8 100 100 3. 100 67 33 
800725 . El 5 100 100 3 100 67 33 
800731 4 1 tOO 100 2 100 100 0 
800807 2 1 -100 100 1 100 -100 ... 100 
900921 1 0 1 100 100 0 

Subtotal 27 16 100 100 10 100 8Q 30 

810613 3 3 33 67 0 
810681 3 2, 50 ' 100 1 100 100 0 
810702 9 4 100 100 5 60 100 80 
810711 7 ' 5 80 60 2 100 100 50 
810716 15 7 100 57 8 100 88 25 
810724 5 :3 100 100 2 . 100 100 50 
810731 1 0 1 100 _100 0 

Subtotal 43 24 83 75 19 89 95 42 

TOTAL 70 40 90 85 29 93 90 38 

.. Number of specimens colll!cted 
/ 

An. Number !lf specimens analysed 

Sp+ Percentage of specimens conta.lOing sperm 

l At+ Percentage of anthrone positive specimens 

SSD Percentage of speCImens with sac-sta.ge ovariole Ô. 





.' 

~ 
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TABLE 13. Parity'ra.tes, sperm presence, and anthrone posltivity o~ TabanusGimilis 

DATE 

800613 
800624 
800103 
800711 
800718 
800725 
800731 
800814 
800821 

, 800903 

Subtotal 

810605 
810613 
810618 
810624' 
810702 
810711 
810716 

Subtotal 

• TOTAL 

in southwestern Guebec in 1980 and 1981 
.4 

Nulliparous 

.. An. Sp+ ' At+ 

2 2 100 100 
2 1 100 100 
4 1 0 0 
1 0 
8 5 80 60 
5 4 75 100 
7 1 100 100 
1 0 
3 2 100 50 
1 1 100 100 

34 17 82 76 

1 1 100 100 
17 17 53 S9 
15 10 90 60 
3 2 50 50 

13 11 55 55 
5 4 100 75 
1 0 

55 45 67 60 

89 62 71 '65 

ft . Number of specimens collected 

An. Humber of specimens analysed 

Sp+ Pe,rcentage of specImens containing sperm 

+ 

Parous 

An. 

0 
0 
2 
1 
2 
1 
6 
1 
1 
0 

14 

0 
0 
4 
1 
2 
1 
1 

9 

23 

At+ Percentage of anthrone positive specimens 

SSO Percentage of specimens with sac-stage ovariolt 

--, 

Sp+ At+ 550 

50 0 0 
100 100 100 
100 0 50 
100 100 0 
100 83 83 
100 100 100 
100 100 100 

93 64 64 

100 25 75 
100 100 100" 
100 50 100 
100 100 100 
100 100 0 

100 56 78 

96 61 70 ' 

• 

b 
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Table 14. Percentage o-f parous females which retaîned eggs in 1980 and 1981 

• SpÎcies 1980 1981 1980-1981 

H. epistates 16197 = 16.5 1/14 :: 7.1 n/l11 :: 15.S 

R. lrontalis 10/32 :: 31.3 6/29:: 20.7 16/61:: 26.2 

H, illota 0/0 :: 1/3:: 33.3 1/3:: 33,3 

H, laSf.ophthalma 1~/1H = 11.7 131161 = 8.1 26127~ = 9.6 

H. microcephala 1/13 = 7.7 0/1 = 0 1/14 7.1 

H.nuda 1/4:: 25.0 4/11 =36.4 5/15 = 33;3 

H. pechu1I1ani 0/2 :0 0 0/0 :: 012 :: 0 

H,sodallB 1/5 = 20.0 0/4 =, 0 1/9 = 11.1 

Sub-total 42/264 = 15.9 25/223 = 1 \,2 671487 = 13.8 

T. catenatus 1/1 = 100 OIS = 0 1/6:: 16.7 

T.lineola 1110 = 10.0 2119 = 10.5 3/29 -10.3 

T. quinquevittatus 25/279 = 9.0 9/148 = 6.1 34/427 = 8.0 

T,6ÙlJilil 9/14 = 64.3 1/9=11.1 10/23:: 43.5 
& 

... 
Sub-total 36/304:: 11.8 12/181 = 6.6 ~485= 9.9 

TOTAL 78/568 = 13.1 371404:1 9.2 115/971 -U.8 

50 

. 
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Table 15. Parity rates, anthrone poslhvity and attraction to carbon dioxide of 

unmated horse flles (H~omr·tra and Tabttnus) in southwestern Quebec in 

1980-81 

Nulliparou5 Parous 

'. 
Species Sp- COZ At+ Sp- C02 AH 

H. a.!,finis 3 3 100 100 0 

H. epistates 68 60 78 80 8 88 88 

~ H. Frontails 4 0 4 100 75 

. 

H. illota 1 1 100 100 0 

H. iasiophthalma 192 164 84 79 28 79 89 
• 

H.nuda 11' 11 91 82 0 

H.8odaiis 3 3 100 33 0 

/s:totil 282 242 83 79 40 83 88 

1 

T. imeoia 7 5 loo 80 2 100 100 

T. quinquevittatus 115 

, >: 
89 62, 10 80 80 

T. simais 17 75 56 0 0 
.. -

Sub-total 139 126 87 62 13 77 77 

""-
TOTAL 421 368 85 73 53 81 85 

ft Total number of sperm negative fema.les 

Sp- Number of sperm negative females 

C02 Percentage ~f specimens collected in ca.rbon dioxide baited canopy traps 

At+ Percentage of'anthrone positive specimens 

, "\;': 
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TABLE 16a. Attractiveness of ~arbon dioxide ta nullipars and pars of horse flies 

(J/~omitra and Tabanum collected in Canopy trIps in southwllt.rn Gueb.c . , 

in f 980-1981 

Non COZ baited traps C02 bai ted traps 

Species ND Nu. Pa. Sto ND Nu. Pa. Sto 

H. a';./'inis 0 20 0 20 o 80 o 80 

H. epiatatu 0.6 11.3 6.2 18.1 0.8 56.8 24.3 81.9 

H • .frontal~ 0 0 27.9 27.9 1.6 0 10.5 12.1 

H. illota 0 0 0 0 o 57 43 100 
~ 

H.laGiophthall1la 2.0 S.7 3.0 13.7 12.~ 55.5 18.0 86.3 ' 

H.nuda 1.0 14.1 3 6.1 65.1 10.1, 81.8 

H. microcephala 0 0 o 0 78.6 78.4 
, 

H. pechu111ani 0 0 o 0 100 100 
::\il 

H. sodalis 0 8.1 2.7 64.9 24.3 91.9 

Sub-tetal 1.5 9.1 4.6 15.2 9.3 54.0 21.5 84.8' 

ND Percentage of specimens not dissected 

Nu. .percentage of nulliparous specimens 

Pa. Percentage en parous ~pecimens: 

Ste Sub-tetal percentage of one' treatmenJ. 

TOT Total number of spécimens colhtct.d . 

TOT 

5 

354 

61 

1 

1227 

99 
" 

14 

2 

37 

1806 

\. 

,-
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TABLE 16b. A ttrachvene~s of carbon dioxide to nullipars and pars of horse flies 

----
UI~ornitra and Tabllnus) coU.cted in Canopy 'traps in southwestern Quebec 

in 1980-1981 [continuedJ 

, 

Non C02 baited traps C~ baited traps 

Species ND Nu. Pa. Sto ND Nu. Pa. Sto TOT 

T. atratus 1 0 100 0 100 0 0 0 0 

T. catenatu8' 0 0 0 0 0 0 100 100 5 

T.lineola 0 4.3 0 4.3 1.4 52.9 41.4 9:>.7 70 ., 

t 
T. quinquevittatu8' 0 7.8 5.4 13.2 0.1 60.4 26.3 86.8 1320 

T. similis 3.5 14.9 10.4 28.7 2.3 44.8 24.1 71.3 87 

Sub-total 0.2 8.1 5.4 13.7 0.3 58.9 27.1 86.3 1483 

" TOTAL 0.9 B.7 4.9 14.5 (~.3 56.2 24.0 B5.5 3289 

-----
ND Percentage of specimens not dissected 

Nu. Percentage of nulliparous specimens 
( 

Î '<:0 
". 

'A 

Pa. Percentage of parous specimens 

Sto Sub-1:otal percentage of one treatment 

TOT Total number of specimens collected 
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Table 17. Percentage of par~_us specimens· colleded in nbn-baited and carbon dioxide 

balted Canopy traps in 1980 aryd 1981 ' 

~' /1 

l: 
.' 

Species Year Non C02 baited trApS C~ balted trips 

" J' 
1:' 

.. =1 

~~ 
H. epistates 1980 20/42 = 47.6 751215 = 34.9 , 1981 2/20:: 10.0 11172 = 15.3 , 

~ " 1980-81 22/62 = 35.5 861287 = 30.0 

~: 
H. lasiophthalma 1980 19/47:: 40.4 77/177:: 43.5 

1981 18/97 = 18.6 144/725 = 19.9 
1980-81 371144::. 25.7 221/902 :: 24.5 

H.nuda 1980 0/1 = 0 3/4:: 75.0 
1981 3/16:: 18.8 7171 = 9.9 

1980-81. 3/17 = 17.6 10175 = 13.3 

T.lineola 1980 0/2 :: 0 11/25 =44.0 

1 
~ 1981 +011,.= 0 18/41 = 43.9 
1980-81 • 0/3 = 0 29/66. 43.9 

r' T. quinquflvittatus- 1980 50/130 = 38.5 221 r.f6à = 29.0 

.' 1981 21/44=47.7 126/381 :: 33.1 
1980-81 7tJ174 :;: 40.8 347/1144:: 30.3 

T. SÎI/Iilis 1980 8/12:: 66.7 \ 6/17- =;35.3 
1981 1/10-= 10.0 8/44<= 18.2 

1980-81 9122:: 40.9 1 14/61 = 23.0 

* Most a.bunda.nt speties 

t -

, .' 

, ' 
• 
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. Table 18 • VariatIon of climatic factors during female tabanid activity in 1980-81 

Specits h 

H. a/finis 1100-1700 
H. epistates 0800-:1900 
N • .frqntalil 0900-1800 
H, illota 0900-1800 
H. la6iophthalTJJa 0700-1900 

t'$.. nuda 0900-1800 
• 1/Jicrocephala~ 1400-1500 

H. peohulIJant 1100 
H.80dalis 0800-1100 

Sub-total 0700-190G 
l" 

T.otratUS' 
T, catenatus 1000-1600 
T, [insola 0800-1800 
T. quinquevittatu, 0700-rOO 
T. Milis 0600~ 900 0 

Sub'total 0600-1900 
#< 

TOTAL 0600-1900 

, , 

h EAstern standard Ume 

* Solar radiation <M J 1m2) 

oc Temperature OC 

RH Rela~*vé humidity '1. 

." 

, 

* oC RH 

1.65-2.91 26.1-31.7 39-61 
0.39-3.39 18.9-31.7 38-75 
1.00-3.39 2Q.6-31.7 34-72 
1.11-3.34 18.9-27.2 33-61 
0.39-3.36 15.6-31.7 33-89 
1.06-3.34 20.6-30.6 33-68 
2.48-2.72 26.1-30.0 44-53 
3.05 27.2 58 
1.42-3.29 20.0-28.9 43-73 

0.39-3.39 15.6-31.7 33-89 

2.23-3.26 22.2-28.3 43-62 
' 0.87-3.29 ~.6-30.0 39-76 

0.25-3.39 • O.0";30~O 38-91 
0.:U-3.36 11.2-31.7 39-84 

0.25-3.38 17.2-31.7 38-91 

0.25-3.39 15.6-21.7 33-91 

" 
f . , ,-- ~ .. -" ,-~ , 
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. Table 19. Wing length and number of ovarioles of Tabanu6 female,s from 

south western Quebec 1980-81 

~ 
l , il 

, ~ 

Speci's. Wing l.ngth (mm) . Ovario}" ,1 
[' 

X+ SD y:!: sb 
. ~ 

"'77' ~ 
- .. ~ 

" 

T. atratus 1 20.5 592 
.0;,' 

T. aatenaws 1 t8.9 610 

T.lineola 17 10.41 :!: 0.61 515.65 ! 71J~7 

T. 'lUÏN/uevittatus 126 
, 

9.44 + 0.50 250.91 ! 37.56 

,.. 
T.8uJilia , 32 11.24 + 0.47 602.~4 ! 60.92 -

" 
.' 

, , 

, . 
./1 • 

... . 
. ' 

" " 
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Table 20. Cqmparlson of wlng len(jth and potentlal fecondlty of Tabanus females 

collected ln 1980 and 1981 

\. 
Species- Years Wing (mm) Ovarloles 

x + SD y +SD 

T. lineola 1980 9 10.06! 0.54 47-4.67 ! 78.67 

'1981 8 10.81 !. 0.42 ** 561.75 !. 39.55 ** 
'" ? 

, \uinqueuittatus 
~ 

1980 62 9.45 !. 0.51 246.81 !. 36.65 

1" 
1981 64 9.43 ! 0.48 n.5. 254.88 ! 38.28 n.s. 

T. similis 19130 8 11.36!0.51 584.25 !. 62.34 

r> 
1981 24 

~ 
11.20 ! 0.45 n.s. 609.17 ! 60.47 n.s. 

ft ~ Number of speclmens dissected ' 

n.s. not slgnificant' , 

** slQl11flcant at .011evel 

.. 

.~ 
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V GENERAL DISCUSSION AND 
FUTURE AREA.S OF 
~ESEARCH 

:"C\1'Iale aggregahon sites are umque ln 

that'lhey permIt observatIons on several 
species,jn hmlted hme and space. A!-!Jl&-~' 
top of Mount Rigaud, males 'were more 
abundant and usually had a longer seasonal 
ilhstrlbutlon than females of the same 
species. Males of tabanid specles avolded 
competition by havlng diHerent seasonal 
distrlbuhons and peaKs of abundance, 
different diurnal patter-ns of activlty and 
behavlors (hoverlng, wai'hngl. Hovermg is 
not necessarlly characterlstlc, of aU 
members of the genus H:ybomitra since H. 
microcephala males Walted lnstead of 
hovered. InCIdence of, nectar me al was 
related ta male behavior; in hovermg males 
It was tWlce that of waltlng males. 

Pollen analysls was use fuI in 
determimng the specles of flowers vislted 
by male tabamds. Most common or abundant 
pollen or poIlema found on H. $'odalis males 
came from nectarlferous plants wlth large 
Inflorescences. These flowers probably 
facillta te the collection of nectar wh1le 
provldin~ a landlng pla Horm for male 
tabamds. Further studies should compare 
the pollen found ln the diverticula (where 
the nectar meal 15 stored)-wlth the pollen 
found on the fly ta further define the 
flowers V151ted versus the oneS' pr-ovldmg 
nectar. 

Future research projects should take 
advant~ge of the fact that hovering males 
are large, easy ta cqllect, and actIve during 

• \~ a much longer perlod than waiti.ng males. 
_ A preClse topography of Mount Rigaud 

. summit coupled wlth marlUng and capture
recapture methodology mlght help 'to 
characterlZe preferred hovering sites of 
dlfferent speCles. An hourly record of 
males coUected and chmatic factors would 
help to define (f) the diurnal pattern of 
male adivlty ln relation to chmahc factors, 
(2) the tlme spent by males on the summlt 
and (3) the frequency of thelr VISlts to the 
summit. An understandmg of 'the eHec't of 
chmatlc factors on male diurnal activlty and 
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detalled description of hovering sites mlght 
help to locate male aggregation sites ln 
fla"tland areas. 

The dIurnal pattern of male activity of 
C • .Îuligino$us has bun correlated with 
temperature and male attitude (head up and 
head down positIon; Catts and Oll<owski 
1972). Addltlonal studles Ctn Mount Rigaud 
could verlfy if 'a slmllar attitude is taKen 
by males of o"ther Ch!7J)S'op.5' species. 

Anautogeny prevalled in horu fly 
females collectéd ln the present study., 
Most H:;bomitra and Tabanus specles are 
obllgatory blood feeders. They should be 
considered as pests of humans and 
llvestocK. No more "than ope gonotrophic 
cycle wu detected by ovarlan dissectIon 
although "there was eV1dence of the st art of 
a second based on the presence of fresl'f 
blood in parQus females of anautogenous 

·specles. Laboratory rearmgs are required 
to determine if th~re 15 a correlation 
be"tween the number of ovariole sheath 
dilatatIons and the number of gonotrophic 

, cycles completed. If only one dilatatIon 
develops after more than one gonotrophic 
cycle, it would mean that avarlan dissectIon 
is not reliable for evaluahng the number 
of completed gonotrophlc cycles. 
Determining the mean number of' 
gonotrophlc cycles completed by females of 
dlfferent specles would help to define the 
mean, number of blood meals taken by 
females and consequently their Importance 
as pests. It could also determme the mean 
egg production by females of different 
spec1es by adding the number of eggs laid 
after each gonotrephlc cycle. 

ggg-sac dilatations of the ovarIoIe 
sheath 9f tabanids 15 an indIcation of 
recent OVlposltlon (Thomas 1972). 
InformatIon on egg-sac dllatatIons has not 
been systematil:ally recorded ln most 
tabamd' ovarlan studles and there 15 a need 
for this informatIon. Further laboratory 
5tudles should conslder the Ume reqUlred 
by the ovariole sheath to I:ontract and form 
a distinct yellow body. Confirmation of the 
worK of Thomas (1972) mlght provide more 
crediblhty for estimations of oVlpositlon 
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perlods based on ovarloie sheath 
d1latitlons. 

Jëurther ov~rlan s1udl.eS mlght conslder 
'the recordlng of sperm presence, a factor 
larg'ely' overlooked in preceding studles. 
InseminatIon generally occurs prIor to blood 
feedjng but dld not seem to be a 
prerequisité to host-seel·(lng behavior ln 

this study. The hlgher incidence of sperm 
in pars compared ta nuIhpars is perhaps 
rela1ed to thelr belng older and having 
greater chances of bemg mtercepted by a 
male. The proportion of unma.1ed parous 
females could give an Ind1C:atlon of the 
proportion of unfertllized E'99 masses ln the 
field. The èVldence presented m secbon 4.5 
(H. epistates) may Indicate that sperm 

• presence could be useful ln predlcting 
population fluctuations. Sperm presence 
could become an important varIable ln 

• studies of tabamd populatlon dyna.mlcs. 

Based on the hlgh incidence of sugar 
in the divertlcula of horse Hies, it IS 
5uggested that sugars are es'sentlal dietary 
nutrients durmg thelr enllrE' adult 11fe. The 
high incidence of sugar meals in tabanids 
suggests that lt provldes the energy to fuel 
their basic metabohc actlvltles. E:valuation 
of the inCIdence of sugar feedmg using the 
anthrone test should be performed on the 
divertlCl,lla of tabamds mstead from whole 
"nsects to prevent contamIna hon from 
crushed insect body parts. 

_ The proportion of blood fed horse flles 
. was very low (3%) ln southwestern Guebec. 0 

This might mdlcate that a very hlgh number 
. of specimens woul'd b~ required to obtain 

signiflcanf results In a study of the ho st 
range of dIHerent speCles by serologicëd 
analysis. 

Carbon dloxlde lncreased by almost 
6-fold the number of horse flies collected 
m Canopy traps. Carbon dloxide would be 
an adva.ntage ln studles where large number 
of specimens are required for bI010giçal 
studle5 or pathogen screening. The 
attractiveness of carbon dI0xIde to 
nullipars and pars was shown ta vary from 
year to year ln most speCIeSi 50metimes the 
pattern of attractIOn of pars and nullipars 
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dlff.ered from_ year 10 year for the same 
speclés. Trends were more stable for the 
two most abundant specles H. lasioph
thalma and T. quinquevittatus. It is 
suggested that the mterpretation of the 
attractiveness of carbon dIoxlde to parous 
and nulllparous tabamd females shOl/ld be 
made with caution, especially If It lS based 
'on le55 abundant spec-les and one samphng 
season. 

The numb~r of civarioles was found 10 
dIffer drastlcally between Tabanus 
specles, suggestmg that dIfferent 
reproductive strategies mlght be used by 
dlHerent speeles. Number of ovarI0Ies and 
Wlng length '.tiere use fuI charilcters for 
mtra, lnterspecificl f},nd seasond 
comparlsons. It 15 beheved that populations 
in different geographlcal area5 could also 
bé compared using these parameters. In 
future studies, comparlson of the number of 
ovariaies and the number of eggs prpduced 
would help to d~flne the proportion of 
active ovarloles and assess the validity~f 
phYSlologieal age determination based ô'h 
ovariole elCarnmatlon. • 
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