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Chapter I 

L'\I! RODUCT ION 

Biting midges of the genus Culicoides are mainly pests of warm 

blooded mammalst including man and livestock. They have been implicated 

in the transmissioo of several diseases, Blue tongue virus ( BTV) t of 

livestock is the most important disease transmitted by Culicoides in 

North America (Kettle 196 5). 

The transmissicn of arbovirus (viruses trar..srnitted by arthropods) 

involves three major aspects of vector host interaction; ( 1} affinity 

of the v-ector for a verteb!'ate species that can circulate the pathogen 

in its blood in an infective dose for the vector, (2) numerical abun-

dance of the vector and (3) loogevi ty of the vector at temperatures that 

f'a'IOr" completion of extrinsic incubaticn of' a pathogen in the vector 

(R eeve:s 1971) • 

h is well known that cattle and sheep are capabl-e of carrying an 

infective dose of BTV in their blood for a vector (Metcalf 1976), but 

"'lery little is known about which Culicoides species have an af!"'inity for 

domestic li•1estock. Also, knowledge on the a bun dance and longevity of 

Culicoides .species is lacking. Therefore, it is important to examine 

the biologies of Culicoides with emphasis en the disease transmissicn 

variables listed above before i:npl icating tr.em as Yectors. 

Due t.~ the lack of a virus laboratory in V irgir.ia, vector-host 

interactions cannot be entirely examired. I will examine the potential 
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vector-host aft'ini ties as well .as the a bunda:..1ce and longevity of 

potential •1ectors. I have assumed that trie potential vectors are those 

species that are more abundant en cattle and sheep and have greater loo-

gevi ties than ot'.r...er species collected on the host animals. 

The purpose of this study is to examire the Culicoides of Virginia 

in relation to: 

1. The nWterical abundance of Culicoides and their affinity tor 

sheep and ·:Jattle. 

2. E..xam ine t he l en ge 'Ii t y Culicoides individuals collected in 

the field. 

3. Single out the most important potential vector{s) and exam ire 

the relation between dispersal; sex, female age and height of 

flight. 

4. Relate these results to potential BTV trar,smissicn. 

This study is divided into two secticns: ( 1) The seasooal distri-

bution and host preference or Culicoides in Virginia and (2) A detail.sd 

examination of the ecologr of Culicoides varHpennis ( Coquillett) in 

Saltville, Virginia. 



Chapter II 

LITERATURE REVIEW 

BLUETONGUE VIRUS 

Bluetongue (B'IV) is in the family Reoviridae; group oroovirus. 

There are 16 serotypes with four occurring in the United States. It is 

an infectious, non-conta.geous '1iral disease or rum in.ants and is charac-

terized by inflammaticn and congesticn of the muoous membrams leading 

to oyanoois, endema and ulceraticn (Metcalf 1976). Death usually results 

from secondary :;;;neumcnia. In the United States, it was :first continued 

in sheep in 1952 and in cattle in 1959 (Bowne 1973), &;cause of the 

presence of BTV in North America, Australia and New Zealand refuse to 

accept Li .s. cattle, semen or embryos, rept"esenting a 10-15 millicn dol-

lar loss to U.S. cattlemen alone. 

The disease is transmitted by midges of the genus Culico.ides. In 

the United States, _£. 'Ta!'iipennis is the only known vecto~ (Leudke et 

al. 1976). This vector !lll.Wt inge:st the virus from a reservoir because 

traru;iovar.ial transmissicn is not known to occur in thi.s species (.Jones & 

Foster 1971). BTV transmission to cattle and sheep reacms a peak 10-14 

days after virus lngestioo under laboratory conditims (Foster & Jones 

1973). Ccngenital infectioo CJf lambs and calves by BTV has been demcns-

t.rated and outbreaks of SW occur from mid to late summe.r (Metcalf 

1 976) • 

3 
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Since midges do not. overwinter as adults and no t.ransovarial 

transmission occurs, the vector cannot be a. r'eservoir of BTV. Wild ver-

tebrates have been shown to have BT'/ antibOdies, but a.re 1...inlikely reser-

voirs (Metcalf 1976}. The overwintering reservoir appears to be cattle 

{Luedke et al. 1977}. Also, it was shown by Luedke et al. ( 1977) that 

bites from ncninfected C. variipennis cawed the appearance of BTV in 

the blood3tream of a bull that previously had BTV, but after several 

year-s the bull was not serologically positive for BTV. This vector--med-

iated viral recovery mechanism caused ncninfected midges at the rext 

bi ting interval to become infected with BTV and t:rar.smi t BT"J to sheep. 

Not only does t~is point out the importance cf cattle as the reser•toir 

of the di.sea.set but it suggests that ct.her nminfected midge species, 

which may or- may not be able biologically to transmit BTV t could stimu-

late BTV to appear in the peripheral blood of cattle and ther>eby promote 

·1ecto~ transmisslcn • 

.!!£§.! PREFERENCE 

Three genera of Ceratopogonidae (Culicoides, Leptoconops ~ ~­

i;:omyia) bite warm-blooded vertebrates (Kettle 1962). Only Culicoides 

species are implicated in the transmi.ssicn of BTV to sheep and cattle. 

Bloodfeeding occurs only in females as is the case in all Nematocera. 

It appears that most species are opportunisti{'! feeders, though several 

are selective for specific lusts and feeding sites oo the host (Kettle 

i 977 • 
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Hl.miphreys ( 1969) and Tanner { 1971) have extensively r-eviewed the 

host preference of Culicoides and studied host preference and feeding 

activity of' CUlicoides in southwestern Virginia. These studies were not 

specifically designed for the study of midges attracted to livestock nor 

to examine host preference in other parts of the state. Most studies 

concerning the attracticn of midges to livestock in North America have 

been conducted following an epizootic or in endemic regions in the west-

ern states (Jones 1961a.. Jcnes et al. 1972 1 Jooes & Akey 1977, Jcnes et 

al. 1977). The most. abundant species ccll.ected was Culicoides variioen-

nis (Goq.). ln centr'al New York State Culico~ ';)?&uttatus (Coq.), 

Culicoides oosoletus (Meigen) and Cul:.coides stellif'er (Coq.) were the 

most abundant species attracted to pastured li,1estock (~hmidtmann et 

al. 198Ja). All four species occur in Virginia (Battle & Turner 1971). 

Generally it is assumed that if a bi ting fly is col.lected from a 

host or host trap tr.e ir.i5ect i.s seeking blood :'rem the host. It is 

necessary to either collect the insect in the act of feeding er examine 

bloodmeals serologically to be positive about the source er the blood-

:neal, but for pracr.ical rEa.sc:ns oai t traps indicate which species have a 

particular affinity for a host. 
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PAROts RA~ 

Potential disease transmissim has been described as the epidemio-

logical risk and is gererally assessed by the parous rates of the 

females (Detinova 1962). The reproductive stages are defired as nulli-

parous (females that have not yet OYiposi tad) 1 engorged, gravid (have 

eggs) and parous (females that have oviposted at lea.st co ce). Because 

females can be. engorged or gravid and still be nulliparous or parous, 

and determining parity in engorged or gravid females is difficult, it is 

necessary to redefioo nulliparous and parous excluding engorged and gra-

vid females. I consider engorged a'ld gravid females as separate stages 1 

because at the. time of collecticn nei t.her stage is actually part of the 

pop.llation seeking a host a.rid would n at be considered potential 'Teet ors 

at that time. Therefore, I define pa:rous rate (PR) as the number of 

empty females '!:.hat have layed e.ggs at least mce (parous !'em.ales (P)) 

divided by the sum o.f' paro1.i5 females ;:ilus the r.umbe!"' of empty females 

that have not oviposi ted (nullipa:rcus females (NP)) times 100. 

PR :: ( 100)( II P I I P .;. ii NP) 

The sequence or reproduoti ve events from n.ulliparous through 

engorgem.ent and egg maturaticn (gravid) to parous has been characterized 

as physiological aging. Recentlyr Klowden and Lea ( 19al) have argued 

that being physiologically old is not the same as being reproductively 

old. This means that a nullipa.rous female :nay be physicJlogically quite 
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oldt but may not be old with regard to ovarian development. They sug-

gest that gon atrophic aging be used to distinquish rema.le reproductive 

changes. I will use gon otro phic aging in this study to distinqui sh the 

above sequence o.f ovarian development. 

To examine the epidemiological risk (or vector potential) parous 

rates are ob.served. The parous coo di tim in Culicoides is usually dis-

cernable by: ( 1) E:xaminaticn of the ovaries and associated uncoiling of 

the trac~oles after ovipcsiticn (Detinova 1962), (2) Observatioo of 

the abdomiria.l tergi te color" cbange- f'rom clear (nulliparoi..l3) co burg'J.ndy 

colored (parou.s) (Dyce 1969). The latter method .is easier to use in the 

field and therefor-e is used h'!':re. For- variipennis, a. combinaticn of' 

color change an·j a cti,ange in trilobed abdominal tergi tes {nulliparous) 

(see Figures 8 & 9), to unlobed abdominal tel"gi tes (paro us} is ooed 

(Potter & Akey 1978). Other midges such as Culicoides venustus Hoffman 

do not show a color- change with aging and can aily be examined Deti-

nova's method. Therefore, specimera must either be collected live or in 

saline to prevent the drying of the ovarian trac!:eoles. 

Though more precise methods of' determining adult loogevi ty are used 

such as examination of ova.rial dilatatioos (m.mber of egg layings) or 

following a cohort through time, parou.s rates have been corneniently 

applied to the study of adult longevity. Parou.s rates provide an esti-

mate of the average lcrtgevi ty per average oviposi tii::n cycle, providing 

that recruitment rate Ls somewhat constant (Birley a"'.!d Rajagop'3.lan 

198·i). Estimatioos of longevity ':1.Sing parous rates are limited by sbort 
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trap times and rapidly f'luctuating environmental con di ti ens. Because of' 

these limitaticns paro us rates in this study will be assessed in a broad 

sense. For example, if a species has high parous rates and is multivol-

tine, it will be considered lcnglived compared to a multi vol tire or uni-

vol tine species which has low parou.s rates. 

A species which has a high parous rate does not recessarily reflect 

an epidemiological risk. Char'acter-istics such as host preference other 

than livestock, a sea:scnal cycle out of .rhythm with BTV transmission, or 

a low total nunber of parous females would tend to make a species epide-

miologically less impo ct.ant. 

D!SPS.IBAL 

Nunerical abundance is a dynamic characteristic of a populaticn and 

is not only affected by the emergence of adults and a:i ult loogevi ty, out 

also by the movement of indi vidus..ls. rte movement. of insect;;.i has been 

reviewed by Johnsen { 1969) and for Culicoides by Johns<n ( 1969) and Ket-

tle ( 1977). Maximum di.stance traveled va!"ie:s with spec.ies. Some spe-

cies travel only short distances (74 m) and others 50 Km aided by the 

wind. rt has been suggested that outbree.ks of BTV in Spain and Cypress 

are caused by the windbome movement of midges from ()ther countries 

(Sellers et al. 1978, Sellers et al. 1979). Also, Glick (1939} col-

lected Culicoides a.a high as 4,000 m above the ground. Therefore, ver-

tical movement must also be considered an !.mportant attribute of B7V 

cransmissi on. 
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The term migratim has been gererally defiood as 1tthe act of moving 

from cne spatial unit to another" {Barker 1978). This broad def"initicn 

has been used in an attempt to better understand the evolutioo of animal 

m!graticn and is not applicable to this study. The gereral defini ticn 

is dependent on a clear U."lders tanding of spatial unit which is net an 

objective of this study. Also, I make no distincticn between appeten-

tial flight (host-seeking) and undisturbed movement from place t;,o place 

in an adaptive or evoluticna:ry seree. Ba:rk<er ( i973) further defines 

dispersal as an increase in the mean distance between individuals. In 

this study, I use dispersal to describe the movement of midges, not 

because it fits the above defini ticn, but because it foll.ows the general 

trerrl in entomology t.o defir:e gereral movement away from a source a.s 

dispersal. 

The relationship between the age of' an insect and when it disperses 

is important when studying 1.ieotor dynamics. Extensive literature exists 

on ovarian development in biting Nematocera, especially mosquitoes, but 

very little informa.ticn is avalia.ble en the movement of different gono-

trophic ages. N!Jlliparous Aedes taeniof'hynchus (Wiedemann) mig."ate as 

soon as they emerge (?ro·1ost 1952). Crans et al. ( 1976) found~ 

sollicitan.s (Walker) to have a r-edu~d tendency to migrate after ovipo-

sitiai. Paro us Culiseta melanu:ra ( Coq.) were found to be farther away 

from the breeding site than !1Ulliparous females in the latter part ot 

tk".e seasoo when .:astern Equine Encephalcmyelitis v'irua was transmitted 

(Morris et al. 19€o). ~lulliparcus Prosimli:Jm mi.xtum 3yme & Davies '..Jere 



found farther away from the breeding site than wer.e parous females 

(Johnsen 1969). 

Studies on the movement of Culicoides at different gonotrophic ages 

are limited. Micoolas ( 1953) studied the dispersal of nulliparous Culi-

coides grahamii (Austen) and Culicoides austeri C~, I. &M. from a breed-

ing site and collected both species at the greatest distance trapped 

(368m). No other informatioo m the movement of midges of different 

gonotrophic ages is knciw-n. Trough, it has been suggested that parous 

Culicoides i!J?UOOtatu~ Goet. move .relatively little (,Johnsen 1969). 

Since we base the epidemiological risk of a disease en the number 

of parous. individuals it is important that we subdivide the total 

females into gonotrophic ages. Using this approach the movement of all 

gon ctrophic ages can be exam ired separately to get. a better understand-

ing of the epidemiology, dispersal and evoluticn of life histo:r-1 tactics 

for a given species. 



Chapter III 

SEASG'.lAL DISTR!Blrl'!Q.'i, ABUNDANCE AND HOST PREFERENCS CF CUT ... ICOIJES 

INTRODUCTION 

The Culicoides of' Virginia and their geographical distributioo has 

been summarized by Sa.ttle & Turner ( 1971) J but studies en their seascnal 

occurrence, abundance and host preference has been limited primarily to 

those species inhabiting the forested. regicn3 of western Vir-ginia (MUI"-

ray 1 t:/37 , Hunphreys & Turner- 1973, Tanner & Turner 1974 1 1975) • Other 

studies on species known to be present in Virg.inia have been sunmarized 

by Blantcn and fl irth ( 1979) • 

Because there is a lack of knowledge of t.he .species present in 

other- areas of' the state and because Culiccides are important vectors of 

livestock diseases (Kettle 1965), a study of these midges was conducted 

in three of the ti ve major physiographic provinces cf 'I irginia. The 

purpose of this study was also to e:~:n.L~ the attra.ctiverass of~-

coides to cattle and sheep and to associate those s:;:;ecies attracted to 

these animals wi t.h the total number of species collected in hlacl<light 

traps. Then to relate sea.scnal abundance t host preference and age to 

vector potential. 
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MATERIALS AND METHODS 

One site was selected in three of the f1. ve physiogra.phic provinces 

of Virginia (Ridge & I/alley Province (RVP), Piedmoot Plateau (PP) and 

Coastal Plain (CP) (excluding the tidewater area.) (Hof!'inan 1969). For-

est types for each province were oak-hickory, oak-hickory with secondary 

pine and. southeastern evergreen, respectively. In this study, I assume 

that the RVP trap site is typical of the livestock raising areas of the 

other two provinces in western Virginia (3lue Ridge and Ap;:ialacr.ian Pla-

teaus). 

Tr.e RVP site was located on the VP! ! SU farm .:.n Blacksbtn·g, VA 

(41° 12t N ao0 26' W) at an elevaticn of 677 :n. The trap site was 

located between the vPI .&i SU Beef and Sheep Centers en Co. Rte. 314 in 

a pasture with ';;..;O small oa~-hickory woodlots approximately 20 m2 each. 

The nearest wuodlot was 60 m from the trap site. Two srria.11 first order 

streams a$ well as one impounded a.."ld polluted first order stream were 

located 500 m from the trap site. One six acre pond was located 750 m 

from the trap site and the entire are was well drained. 

On the Piedmwt, in Campbell Co., two sites wera 1..1Sed in 1978 and 

one in 1979. The Bennett farm { 1n° 12' N 7'3° 51 1 W}, (used both years) 

and the Farris farm (37° 16 1 N 79° 1 1 \ti) were at an elevatioo of 244 m. 

Both trap sites were off Co. Rte 663. Tre Bennett site was located 
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? in a pasture directly behind the ma.in house in a pasture with a liD m-

oak-hickory woodlot 33 m from the trap site. Six impounded first order 

streams ranging from 2-1 O acres were located within 500 m of the trap 

site. This area was well drained as was the Farris farm. The Farris 

· tarm was located 11 Km west of the Ber.nett farm and contai~d a oontinu-

ous m:ixtiJ.re of' oak-hickot""/ woods throUghout and two first order streams 

150 m from the trap site. The trap site was 20 m from the barn. Too 

Farr-is farm had less pasture. 

The CP trap site was located on the Redd farm in Suffolk Cc. (36° 

48 1 N 76° 41 1 W) at an elevatim of 11 m. This farm was off State Rte. 

360t three miles west of Suffolk. Tbe traps were placed directly behind 

the main house in a pasture with t.r11! raarest mi."<.ed deciduous woodlot 250 

m from the trap site. Two large brackish lakes were situated 500 m north 

and south of the trap site. Both lakes wer'e 'lffected. by tidal fluctua-

ticns. Twelve 1-3 acre ponds were al3o located with.in 330 m of the site. 

Drainage was poor. 

The first trap used :..:as a New Jersey light trap modified with a 4. 7 

cm circular blacklight and 64 mesh plastic screening (placed arc und the 

opening to inhibit the collecti;::.n of large insects). The blac.klight trap 

was ope.rated f:om 30 min pre-sunset to 90 min post-sunset ooce a week at 

all sites (SS trap period). At the C? trap site an ad di ti en al light 
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trap was operated from 90 min post-sunset to 0800 the rext day (RN). On 

occasicn, ad di ti en al traps were also run at the other two sites. When 

the SS trap time and the RN trap time were combined the trapping period 

was designated AN. Also, on eight nights the blacklight trap was oper-

ated during the same four trap times as the bait traps (SS-30, SS, 

SS+30, SS+60, see below). Collecticns were made in half-pint mas en jars 

2/3 filled with 80$ ethyl alcohol. Collectiais were poured through 50 

mesh sieves which effectively removed the large insects, but net the 

midges. Samples were placed in 3.5 x 4.3 cm white eramel pans which had 

been subdivided into 45 equal squares by raised bead's of silicone rubber 

caulking. Squares were selected at ?"andom and a minimt.m of 200 midges 

were identified. This separatim and identificatioo method was similar 

to that used by Jamnback and Wat thews (1963). Identificatims to species 

were made using a binocular microscope (60x), and when necessary the 

midges were dissected and mounted on slides in Hoyers media for identi-

ficatioo using a Zeiss phase contrast microscope. Battle and Turner 

(1971) and a revised key (Turner and Knausenberger, unpub.) were used 

for all identificaticns. 

Bait animals at all sites were cattle and sheep. At the RVP si te a 

382 Kg Angus steer and a 70 Kg Suffolk ewe were placed 500 m apart in 

1978 and 30 m apart in 1979. The steer was placed in the same locaticn 

both year, but the ewe was moved closer to the steer in 1979 to 

decrease possible differences in catch due to site. In 1978 the black-

light trap was operated 100 m from the ewe and 400 m from the steer, 
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while in i 979 the light trap was operated 45 m from the steer and 70 m 

from the ewe. 

At the PP 3i te, during 1978, a 55 Kg Suffolk ewe was used as the 

bait animal oo the Bennett farm . It was placed 30 m f'rom the blacklight 

trap. A 80 Kg Angus calf was used on the Farris farm and posi timed 30 :n 

from the blacklight trap. !n 1979, both animals were located on the Ben-

nett farm, but a 100 Kg Holstein calf was used inst93d of the calf. The 

distance 'between the ba.i t ati.imals in 1979 was 33 m and :.0th were placed 

approximately iOO m from the light trap. The black.light trap was put in 

the same locatioo both :rears. 

The bait animals used at the CP site were a 365 Kg Jersey cow and a 

68 Kg SUffolk ewe. In both years the animals were placed 36 :n a.part 1 the 

heifer was located 30 m and the sheep 20 m from the blacklight trap. 

In l978i a 12 volt portable vacuum clooner modified to trap small 

midges was used ta collect. Cu.Hccides from the bait animals. However~ on 

several occasioos more raidges were observed on the hosts than trapped in 

the vacuum cleaner'; so in 1979 the collecticn p."'Ocecture was changed to a 

drop trap over the animals (Figure 1). The drop trap (2.4 x i.8 x 1.2m) 

for the cow was made t"rom 5.8 x: 5.8 cm era.ming ooard.s. Each side was 

constructed separately to pro vi de for portability and side3 were bolted 

together when in use. The top, front and back were covered with ma:iofi-

lament Saran screening (44 x 1.14 mesh). On the sides the upper 30 cm 

were covered with st.rperclear Butyrate which overlapped. the screening by 

5 cm. This provided visibility as well ~ a slot to allow t."::e use of' a 
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hand aspirator in collecting the midges from the t:rap. Midges are posi-

tively phototaxic and could be ea.sily collected from the inside top and 

upper sides of the trap. The cow wa.s restricted from da:nag:ing the trap 

'by placing it in a. st al 1 consisting of four co mer posts ( 1O.2 x 10. 2cm) 

with ooe hitching post ( 10. 2 x 10. 2cm) • Tv.-o boards ( 2. 5 x 1 O. 2cm) con-

nected the posts to prevent sideward movement of the cow. Calf and 

sheep traps were similar to the cattle trap , but differed in dimen-

sicns. The sheep ;;ere r-es tricted from :iovement by being placed in a wire 

cage (2.5 x 2.5cm mesh) before the drop t.rap :.ias used. 

Collecticns from the bait a.--ii:nals wera made during the same time 

period as the SS black.light traps. Bait animals were <:::overed until 

trapping began at 30 mL"1 before sunset (SS-30). They were exposed to 

midge attack for 15 :ni.n, the drop trap was then placed over Che bait 

animals and midges collected fO<' 15 :nin. T!'>J.s 15 min iuterval was lcng 

enough for two people to collect all midges. This procedure was ca.rried 

out four times. Time periods were designated SS-30, SS, SS+30 and SS+60. 

After sunset, battery operated head lamps were used to a.id in the col-

lecticn of midges. Midges were transferred into vials containing Bo% 

ethyl alcohol and preserved for later ident::.H'icatim. 

!he gen otrophic ages of all Culicoides were classified as either 

nulliparous (NP), engorged (E), gravid (G) or parous (P). Padty :for all 

species except f.· variipennis (Coquillett) and C. venustus Hoffman was 

deter-mired by the pigmenta.ticn method described by Dyce ( 1969) 1 where 

abdominal color changes from a clear white to a burgundy red 3S the 
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female becomes pare us. This method is net ac<:urate for C. variipennis 

nor C. venustus, but it has been shown by Pot tef"' & Af<.ey ( 1978) that the 

abdominal tergites of.£. va:ri+Ee~ change from a nulliparous conditim 

of a d arl< tdlobed pattern to a completely earl< appearence when paro us. 

Though engorged females were not classified as ~lP or P using Dyce' s 

method because of possible inaccuracy, f.· variipennis could be further 

classified as engorged NP ( E:NP) or engorged P (El?) using the t.ergi te 

method ;.1hich does not rely on a color crange similar to the color of 

blood. Neither method could be used for C. venustus, because inf'ormaticn 

m pigmentaticn changes in this species is lacking. Too classical tra-

cheolatioo. tecmique (Detinova 1962) could not be substituted, because 

collectiais were made in alcohol which dries the ovarian tracteoles. 

venustus were cla:ssfied as ncnengorged {NE) or engorged(£). 

Data on the most abundant species collected in blacklight traps 

were analyzed in two ways: ( 1) results were presented in numbers per 

trap time so comparisicns between sites and species could be :nade (Ser-

vice 197 6) and (2) weekly collecticns were transformed to Log (N+ 1) to 

examine treoos in pcpulaticn abundance (Wil Hams 1937). 

Because bait animals varied in size, their weights were converted 

to surface area. using the for.nulas of Brody ( 1945), and number of midges 

per square dee. was compa;.-ed between bait animals. 

Climatological data was obtaiood from the rear est Naticnal weather 

staticn to the trap site (!WP in Blacksburg, ?P in Appomatox and CP at 

Lake Kil by) • 
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RF.S ULTS AND DJS CIBS ION ---- -- -------

Of the 47 species of Culico1des recorded in Virginia, ! collected 

30 in blacklight traps. All species collected a-e 1 isted by year 1 site, 

trap time and reproductive status in Appendix A. Table 1 shows the five 

most commoo. species collected and average catch by site in 1978 and 

1979. at~ the remaining 25 species collected, f· mulrennani Beck (n.:::9) 

from the CP site and C. ousairani K:r.alaf (n::1) ;;ere ool lected ,;)nly from 

t...'la .»P site (Bennett farm) when additi<:nal traps were operated all 

night. Both species have been previously reported fr"m Virginia (Battle 

& Turner 1971) and wuld be e:xpected to occur in all regi::ns. 

Tables 2, 3 and L\ .st.-0w the datea and rn.!1llbers caught C)f' the remaining 

23 1.mcommcn species. !tie eleven species collected at all si:.es were C. 

alexanderi Wirth & Hubert 1 Q. arboricola Root & Hoffman. f · b ickley i 

Wirth & Hubert, C. creouscularis ~.al.loch, £. guttipennis (Coquil-

lett)(collected at the RVP si t.e c.nly ;..ihe n an ad di ti en al light trap was 

operated at night). £· haematgeotus Malloch, £· Eiliferu;s Root ,& Hoff-

man, f.· sanguisuga (Coquillett), f· soinousus Root & Hoffman, f. testu-

dinalis Wirth & Hubert and C. trav isi Vargas. The other 12 species were 

absent from at least ooe site in both years. The presence or absence of' 

three species can be attributed to their seasmal distributi::n and lar-

val habitat. C. furens ( Poey) is a sa.l tmarsh species and would only be 



Table l. Average number of most common Cu'liqoides conected per tra11 time in black light traps 
during bait trap time periods, 1978 and 1979, in Virginia. 

1978 1979 

Species Coasta 1 Piedmont Ridge and Coastal Piedmont Ridge and 
f 1 a i.!!._ilil* PJ!t~~~..llfil. V ~!J ev .-1.Ul _pl a i r! ____ (lal .!:! ate au J12) v aD.e.'i--~-M-

c. b·igutt.atus 10.33 2. 13 0.18 9.33 17.33 2.78 

C. obaoletus 1.83 7.67 16.27 0.08 18.25 5.55 

C. stelli f'e1? 116. 58 58.47 8.18 108.22 121.67 8.33 

C. uar'llvemri.s 43.25 1.40 o. 18 105.22 6.33 8.11 

C. oemwt1w 13. 33 3.33 1.27 5.61 4.25 0.67 

Al 1 189.08 76.67 31.55 232.17 180. 17 65.33 

* Number of trap times. 

N 
0 
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expected to occur alcng too coast (Battle & Turner- 1971). C. n:;ger Root 

& Hoffman is a coastal treehole species (Blanton & Wirth 1979) and was 

not trapped at theRVP siteandonlytrappedonceat the PP site (Farris 

farm). The third species f.· Jamnbacki Wir'th & Hubert has a northern 

distributioo and WJuld net be expected on the Coastal Plain (Eat tle & 

Turner 1971 ) • 

The remaining nine species captured were C. bers;i Cochrane, f· 

baueri Hofflnan, f· debiliI?al2i,s Lutz, .£. hinmani Khalaf, £. hussevi 

Wirth & .Blanton, .£· ~ Root & Hoftman 1 f· parapilifems Wirth & Blan-

ton, f· villosieennis Root & Hoffman (only at night at the Ber.nett 

farm}, and f.· scanloni Wirth & Hubert. They have been previously col-

lected in these three provinces 1 but in low numbers (Eat tle ·& Turner 

i 971). 

Trapping in the three provinces showed that the total .abundance of 

all species decreased f'rom the CP site to the RVP site (Table 1). This 

can partially be attributed to differert; habitat and climate. Moving 

inlar.d, the aquatic and semi-aqua ti'! larval habitats of CuHcoides 

decreased as did the numbers captured. This was primarily due to drain-

a.ge t tz-ap locatiro and anount of soil water interface. The CP trap 

locality had the poorest drainage and also contaiood several ponds and 

marshy lakes in close proximity. The PP trap locality (Berrett farm) had 

good drair.:age but was surrounded by several impounded strmms which 

crea terl excellent .larval habitats for certain Culicoides species, espe-

oially g,. ste1lifer. The RV? site had the least farorable larval ha.bi-



TABLE 2. Dates of catch and(numbers cauqht)of CuUoo,ideu soecies which were uncommon in 
blacklight traps on the Coastal Plain durtng 1978 and 1979, in Virginia. 

Species 

c. 

C. caibot•i eo la 

C. ber>fti 

(,,, , . terd 

c. lar--iu 

Year 

1978 
1979 

1978 
1979 

1978 
1979 

1978 
1979 

1978 
1979 

C. debt lipa lpi:s 1978 

C.j'u11ena 

c. gut 

1979 

"1978 
1979 

1978 
1979 

C. haematopotw; 1978 
1979 

c. 1978 
1979 

May 

27( 1) 

19( 1) 
l 0(1) 

19( 4) 

26(2) 

June 

260) 
10(1)~17(4) 

19( l) 
l 7 ( 2) 

July 

17( 1) 

l 7( 1) 

10{4) 
16(1).17(5} 

10(2).17(2) 

10( 4 ).24 ( l) 
8(2),16(1} 

17(1) 
1(5} 

10(2) 

Auoust 

21(1) 

15(1) 
20(1) 

6(1) 
6(1)~13(1) 
20( l) 

15{4),21{1) 
20(2) 

20(1) 

September 

lO{l) 

4(1) 

17{2) 

10(4) 

('J 
N 



TABLE 2. cont. 

Species Year May June July Auqust September 

" p i ("i fe 1'1lS 1978 t ... -.... ,,, ,- .... - ~', 

1979 1(5) 

C. £sanauisuaa 1978 l 9 ( 1) 21(2) 
1979 '17(2} 

1..:. ovirwsus 1978 19(4) "!0(2) 
1979 27{1) 17(2) 1(5),17(2) h) 

w 

C. LesLu.dt:natZ:s 1978 
1979 10(3) 

C. tn:nn'.ui 1978 19(1L26(2} 
1979 27(3} 



TABLE 3. Oates of catch and (numbers cauqht) of Culfooid£.s soecies \'Jhich were uncommon in 
black1ight traps on the Piedmont Plateau during 1978 and 1979~ in Vir!linia. 

, - -------·-·-><··~-~--·---~-.-,r--~--.-···•,,._,,.._,_ .. ,_, ____ ,~ ~-·,,,._~ --~·------•--0-·-»·>o·- .. <·-~----.,.~-"'-~•-··•··-•......,_,,...,_,,,,_~.,..,,..,""'---~~·-•·~~~..,.~--""·_.,.v.,.-e~•'"""'""'"--'•""'•--~-,--....,._.,..._-..-..--... -~ . ....-· . .._.,•-_,..-"."'',._ .,._..,..,_~,.._..,...,..,,,., .. 4~·~-~-~ 

Species Vear 
-·-'--•~-..--------...,,~~-·--~-~-....... -.. ~--._,,........, ____ ~ 

(.1. 1978 
1979 

C. (ff'oY•ioola 1978 
1979 

c. b<'.ukleyt 1978 
1979 

• 01•epusau z.aJ"t:s 1978 
1979 

, deb£lipalpis 1978 
1979 

;'J 1978 1.~ ~ 

1979 

C. hacma.l:opotw; 19'78 
1979 

,., 1978 {.,, 

1979 

C. Jarrrnbaoki 1978 
1979 

<.:'. r..rCli ferut~ 1978 
1979 

May 

160) 

16{6) 

June 

18( 3) 

20( 1) 
12(2L1a{3) 

rn( 3) 

18( 6).26(2) 

18(3) 

18(2) 
9{3) 

~luly 

18(2),25(6) 
9(3) 

'18(4),25(2) 
9(3) 

11 (1) ,25(4) 
2(3).9(3) 

9(3) 

2(3) .9(6) > 180) 

.Auoust 

7(6L27(4) 

16(1) 
7 ( 1) 

7( 1) 

16(2) 

14(1) 

September 

11 (1) 

3( 1) 

5(1),12(1) 
3(4Ll1(1) 

-~-V·"''_,_._,,,_""""""~-----·· ... ,~.-,--,.....,--•,,...,,_-....,.~-'--••'--"'--¥-. -~·--·--~--.-··-~----·---...---_,.._.,_ ____ ,,._~•-.,,._,~.,,,c,_,,,...,.~--~~~----·•• .. •><•"""'"-'"'-•"-------·e--__.,.~ .~~---_,.,.._,,,,._, ,_,•-•'"~~-·..----

I'<> ..,.. 



TABLE 3. cont. 
----------·----· ----·-·--

Species Vear May June ,July Au9ust September 
~--·-·-"•"·~-----~·~--,--·------------·-..... - ......... ,.,-~--"'-~'~"--·~-----.. ~·,,···--·-~----....------~------~---··~---~~------·----·---~----~--
,,., 
L,-.., 

C. soanlord 

(i 

"" 

c. 

.. , 
V• 

1978 
1979 

1978 
1979 

1978 23( 3) 
1979 

1978 
1979 

1978 
1979 

18(3),26(2) 

18(3) 

20(1) 
12(5),18(16) 
26(6) 

18(5),26(2) 

12(7), 1B(13) 

25(8) 

n en 
9(3),18(1) 

2(3), 18(3) 

9(7) 

12{ 2) 
27{4} 

N 
VI 



TABLE 4. Dates of catch and (numbers caught) of Cul'lcfl:.n:d.::.s spec1es wh1ch were uncommon in 
blacklight traps at the Rtdge and Valley Province site, durinq 1978 and 1979, in Virqinia. 

_,,_ . .,,, .. _,_, ,.., .. ~ ...... _,_... .. ___ . ______ ,_,,....._....,...,,.,."·"~--·- .. --·-·g·~" --~-.- .. ~----~------...-..,._~.,.,--·~~"''"-~.,,---·---~...--..,~,,...,,...._.-~---------·-·---~-·-""'"''~~----------

Species 

C.a 

t}. 

c'. 

c. 

C-j-

c. 

{l ~ 

cl~ 

(' 
1.,,, .. 

la.Fis 

Year 

1978 
1979 

1978 
1979 

1978 
1979 

1978 
1979 

'1978 
1979 

1978 
1979 

1978 
1979 

1978 
'1979 

1978 
1979 

May 

18~ 11) 
31 1) 

31 { 5) 

31 ( 1 } 

18( 11) 
3'1(12) 

18(7} 

31 ( 3) 

18( l} 

June .July August September 

6{3),l9(1) 12( 2) 

6(16) 

14(2} 

6(15) 

6(4) 'JO( l) .31(1) 7(1),14(1} 
2(2) ,6{1) 
19(19) 12(43} 2(3Ll0{1) 

6(2) 
6(2) 12(2) 

2( 1) 

.__..,., ... ~..----..----.,"~-·,.,--,,_., ___ ...,....,. ___ ,.. ____ ,.,_,._.,,,_.,,,..--~--"' __ ..,..~ .. -'~,.--,.--~,. .. ,,,_ .. .,,,. __ , __ .<•--·->A-~--.-·-----'-·- -·~-""''""'·~-~---'--·--~--,~----... ·~-... -----... ~-,.,-,._._~---"",,-··---·-----------"'~--......-_...-_.,,.,,., __ , __ ··---·---··--· 

b) 
Q'. 



TABLE 4. cont. 

$pecies Year May ,June July August September 

" r ar• wi z,,· f-"t'U8 (., • j C . ,,. v· t:;, 1978 18(4) 
1979 

C.vlli 1978 18{1} 
1979 31 { 1} 6(5) 

C. ::;artcnd.s-uaa. 1978 18( I) 6( 1) 27(1) 
1979 

~~ 
·~1 

,_.~, 1978 6( 1) '"'. 1979 31(13) 2(2),6(36) l 2(l) 

C. t;e;;;t;zu.f(nal.{s 1978 
1979 31{1} 2{1) 

C. t:raviD1~ 1978 6( 7) 
1979 31{ 34) 6(12'1), 19(4) 12( 7) 
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Potential larval ha bi tats can be abundant, but rainfall ia 

mcessary for larval survi va.l. Rainfall has been shown to result in 

increased larva.l and adult Culicoides. abundance (Kettle 1956, Davies & 

Giglioli 197'7) and in both years the amount of rainfall decresed from 

the CP site to the RVP site (Table SL Also, for all sites, there was a 

greater amount of rainfall in 1979 than in 1978, except during the first 

week of August in 1978 at the CP site when 2.59 cm of :rain fell. 

Temperature can also cause increased populaticn abu..'1dance by 

decreasing the time recessary to complete larval development., he nee the 

geraraticn time. In both study years the mean mmthly temperatures were 

lower in the higher elevaticns (Table 6), resulting in lower numbers 

collected at the inland sites. 

The importance of trap locatioo can be seen by examining the data 

from the two PP sites in 1978. At the Farris farm 33.4 midges were col-

lected per trap time compared to 7 6. 6 at the fe nmt t farm, but they were 

located only 11 Km apa?'t. The fenret t farm contained several impounded 

streams while the Farris farm did not. This could have accounted for the 

low nt..mbers collected at the latter farm. 

The largest m.mber ot' species was collected at the Farris f'arm (24) 

(see Appendix A). Th.is appears to be due to its locatioo r.ext to a more 

o.r less continuous woodlot where se•1eral Culicoides species breed and 

may not move out into open pastures. For example, f'i ve treehole species 

were collected at the Farris farm compared to three from the other sites 

during SS. Ir I included the night trap catcMs, rive treehole species 
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TABLE 5. Total rainfa11 (cm) recorded at nearest weather station 
to trap sites from May 15 to Sect. 15~ 1978 and 1979. 

Year Site 

1978 

1979 

Coastai 
P1ain 

8.57* 

7.20 

Piedr.iont 
P1ateau 

4.59 

6. 61 

* first week of Auqust contributed 2.59cm. 

Ridae and Va11ey 
0 rovince 

4.25 

5. i 3 



fABLE 6. Mean temperature {C0 ) recorded at nearest weather station to trap sites durino months 
trapped, 1978 and 1979. 

__ .. , ___ . ...,_, __ ~h·-~--·------~-.........--.-..,....._~,----·--~---------·~'<c--'--'----------,...,"°·-·~·-~---~ ... -.. ,..,,.,._. __ ,__,,, _____ ~-·~------~'""''''--"·~-~-----·------µ .... _k __ .._..,, __________ ,, _________ _ 

Site Year 

1978 1979 
------~-1-----------------~-------------~-----------·-----------------·----------------------~----------------------------------~-----· 

Coasta1 1 
Plain 

Piedmont2 
Plateau 

Ridqe and3 
Valley 
Province 

MAY 

18.0 

l 7 .o 

14.0 

JUNE ,JUL y AUG. 

23.2 24.5 26.5 

22.4 23.5 25.0 

17.9 20.2 20.9 

SEPT. MAY JUNE JULY AllG. SEPT. 

23.0 19.3 21.2 24.5 25.5 21.9 

2L5 17 .1 20.3 23.0 23.6 19.5 

20.0 14.0 19.8 21.0 22.0 18.5 

. ____ ..., _____ .......a,._~··"~~-~~~~--.. -----·--·-"~---~-'"'··,_,., ....... ,._,.........,..,.. _______________ ~_ ... __ ._,, ____ ~-'-"'··--··~_,_..,~~·,..,_ ... ~-·--·---·"--·-·~·-·--.··----,,.,,,_.,_~-..,.--,~-~---,,..,-----~-·-~·-'""'"'~-- __ .,, _________ _ 

lLake Kilby 

21\ppomattox 

3B1 acksburg 

w 
0 
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were collected also at the Bennett rarm site. On the Bennett farm, a 

woodlot was located closer to the trap site tnan at the coastal plain 

site or mountain site. This could have inflr..ie ooed midge movement if 

night con di ti ens became favorable enoug,.~ to cause outward movemert. of' 

the fol":9$t breeding species of midges into the a.djacert. pastures. Move-

ment between habitats has beenexam:in:;d in mosquitoes (Bidlingmayer 1 

1971, Bidlinginayer & Hems 1981}. Trey suggested that cer'tain species 

favored woods over pastures and many species may have restricted noctur-

nal .night in the open to the vicinity of their resting places. Wood-

land :nos qui toes did not ve rt.ure far from the "1oods and perhaps used the 

woodland edge silhouette as a Visual marker. This also could have been 

the case for midges. 

Examinaticn of the five most oommcn species provides further bio-

logical informaticn (Table 1). f· bi;gu ttatus was more abundant at the 

coastal plain site in 1978, more abundant at the PP site in 1979 and 

least awndant at t.he RVP site (Table 1). This can be directly attri-

buted to its preferred lar~..ia1 ha.bi tats which inclwe lake margins, 

pools, stream edges, poorly drairad mud 1 sand and decaying leaf matter 

(Hair et al. 1966, Blanton & Wirth 1979). These habitats decrease in 

abundance from the CP si. te to the RVP site. 

Figure 2 shows the seasmal abundance of C. bigutattus at the PP 

site (SS) and at the CP site (AN) I did net. present the results from the 

RV? site because seascnal patterns were similar to the ?P site. Data 

from the CP site pro·vided infonnati<n m smscnal occurrence and emer-
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gence of this species that is supported by the data from the other two 

sites. This species occul."'red from early May to mid-July, and its occur-

rence was similar to that observed in Virginia by Murray ( 1957) and Mes-

sersllli tb (1966). At the CP site parous rates remained above. 55% from 

early June until they disappeared in July. There were no inverse flua-

tuatioos in parity with numbers except perhaps en June 15 and July 10, 

1978 and July 1, 1979. This suggests that fluctua.tioos in numbers are 

mainly due to trap catch variability and not to emerging nullipa.rou.s 

females. If discrete emergences did occur, then parity would probably 

drop when the populatioo suddenly :increased. Also, if emergences over-

lapped, the parous rates would fluctuate like those for C. s tellif'er 

(Figure 4) and f· variipennis (Figure 5), without a consist.ant inorese 

in parous rate. Because of' the consistantly high pa.ro us rates, this 

species is considered univoltire in Virginia with a possible mL11or 

emergence in erly summer at the CP site. A uni vol tine phenology for£• 

h,!guttatus also has been suggested by Scb:nidtmann et al. { 198la) in New 

York State. 

Culicoides obsoletus was moot abundant at the !WP site in 1978 and 

the PP site in 1979 (Table 1). The lar-val habitats of this species are 

moist terrestrial habitats such as st!"aw-manure, com composting stalks, 

and moist leaf litter {Murray 1957, Jcnes 1961b, Jamnback & Wirth 1963). 

This t:r-pe of habitat related to moisture would suggest a greater abun-

dance at the CP site, but the range or this species does net extend 

further south than Tennesse (Jamnback 196 5), and its abse~ from south• 
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ern coastal areas of Florida (Blantcn & Wirth 1979) suggest an affinity 

for more northern type climates. Therefore, low nt:lllbers would be 

expected at the CP site. This species occurred from May to at least 

mid-September in Virginia (Figure 3) and its temporal distributiai is 

similar to observatiais made in New York (Jamnback 1961). 

Sixty-two percent of the total females collected were gravid 

(n:660). Similar catches occurred in three other species, £• crepuscu-

laris, 83J gravid (n=183) £. travisi, 81% gravid (n=242) and£• variip .. 

ennis, 37S graVid {n:2599). In England, SerVice ( 1969a) found 21.2J of 

the £• obsoletus to be gravid and similar results in ct.her Culicoides 

species.. In Washingtcn State, Jorgensen ( 1969) found that most of the 
' f· crepuscularis collected in light traps were also gravid. The exact 

reasai for the high perce~age of graVid females may be their distrac-

tiai to the light source while flying to an ovipositiai site. Neverthe-

less, the hi.gh gravid rate ma:le analysis of phenology diffi<11lt because 

nunbers caught to assess parity were too low. The use of gravid females 

has net. been used to assess seasaial phenology, and perhaps its pot en-

tial use should be explored. 

During 1978 ~ a light trap was run at the RVP site all night (AN) 

for 11 weeks. Five hundred and fifty-eight female£• obsoletus were 
. 

collected of which 328 were gravid. This left atly 230 females to· assess 

seascnal phenol.ogy. Figure 2 shows the IU11ber collected and the parous 

rates during this trap time. NU1lbers fluctuated over trap time and 

increased con<11rrently with parous rates. Therefore, peak nU1lbers were 

not due to nulliparous females .. 
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In order to assess the phe nology of g. obsoletus I looked also at 

the sES.scnal parous rates of females collected at all sites. Only once 

on May 25, i 978 did the paro us rate exceed 4'1 '.£.. The paro us :rates for 

1978 I"anged from 8-41 % and in 1979 from 8-31$. This suggests that this 

species is continuously emerging in low mmibers throughout the sea.sen 

and possibly has low survivorship. The possibility of continuous emer-

gence is supported by the findin~ from Nev Yori< State where f.. obsole-

tus was observed to emerge ccntimJOU5l.Y th."'Oughout the seasm and was 

considered multivoltioo (Jamnback 1965t Sctmidtmann et al. 198:la). 

Culicoides stellif'er was the most abundant species collected in the 

blackli&Tit traps in both years at all sites ex•:Jept in 1978 at the RVP 

site where f.· obsoletus was the most abundant (Table 1 j. The large num-

bers off· stellifer collected at trie CP site and the PP site reflect 

the proximity of their preferred larYal habitat. These consist of 

di verse freshwater soil t)'Pes including ponds, strems and poorly 

draired a-ee..s ot mud and leaf litter (Murray 1957, Jcnes 1961b, Hair et 

al. 1966, Blanton & Wirth 1979). The PP site ha:! several impounded and 

wooded streams which were rsar the trap site. The CF site ha:! a high 

water table which left water standing throughout the site much of the 

time, while the RVP site had good drainage and few freshwater habitats, 

he nee fewer breeding sites. 

Culicoides stellife?' occurred from May until at lES.st mid-Septem-

ber. This is in agreement with Pickard and Snow ( 1955) in Tenmsse and 

most other studies (Blanton & Wirth 1979). Figure 4 shows the sesooal 
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abundance and pare U3 rates of this species at the PP site (SS) and the 

GP site (AN) for 1978 and 1979. Ccntinoous fluctuatioos in abundance 

were observed as well as low fluctuating parous rates. Mean seasi:nal 

parous rates ranged from 19-3!.tS in 1978 and frollt 4-30'J in 1979. These 

r-esults indicated that£. stellifer was multivoltim i.n Virginia. It 

also suggests that for a continually emerging species in high numbers 

with low parity that there may be low survivorship. During 1979, I 

attempted to send live adult female c. stellifer to Denver for virus 

isolatic:n studies, but in all attempts following es ta.bl ished tecmiques 

for shipping Culi.:!oides (Jc:nes & Sot.midtmann 1900), the adults did net 

survive over two days. Tm low survivorship suggested that the high num-

bers collected may be exp laired by continuously large ad u1 t emergences 

and the low parity rates by low survivorship and continuous emergence. 

CUUcoides variipennis was the second most abundant species col-

lected in the blacklight traps at the CP site in 1978 and 1979 1 but at 

the PP site and a.t the RVP site t.his species was the third and fourth 

most abundant species, respectively (Table 1). These rankings can again 

be a: ttributed to preferred larval habitat. This species breeds in a 

diversity of freshwater, saltwater and al.Ka.lire habitats, but most abun-

dantly in streams and ponds polluted with li11estock excrement (Joo.es 

1961, Hair et al. 1966, Blantcn & Wirth 1979). Its larval abundance in 

polluted areas accounts for the large numbers of adults collected at the 

CP site. The area was nct: well draired and wherever pasture depressiQ'lS 

and ooofprints were found there was a potert.ial 1!1.ixing of livestock 



4 

] 

1078 

3 Piedmont 
·-· Fem•I•• 

2~ ·- -· ••••••• ;----·\ 

- • at ~ eN 
+ - . • C'f 

z . /'-. 0 C'f 
I'- / ' o ' g J ,_,_,_,_,_,_/ v <:· z • 

_, 4 • 

: 3~ Coastal 
111 Plain UIS) 
_, 
c 
s 2 
Ill 
IL 

1070 

Piedmont 

I ...._ 
I '· 

....... ........ 1 -.. 

\/\_ 
. / \ 

' \ I /. - -· - - - . 
-....v/ ·-

100 

50 

0 

/·-./ 
----· 

Coastal 

'\ Plaln(SS) I /-· 100 

50 

0 
/ /\I \ - / ' 1·-...... • 

~JI ...... V . \ /.\/ .',\V>,\t !.~.=·=;~·.-- /~.- : ... ~(--:--:-.-:1 / \ t 
'""' Coastal ;·............... / ·\coaatal a: 

Ill 3 
m 
s 
:::> 
z 2 

/ .\.//~~~/\ . I/ ., _ _:·-~~:!\/ 100 

..... ~ ' . ' /\. I ...... ..... . ,.,. ,,. . / ,......·, I '\. I '·-
- . - - ·- - - - \ / 'I "" I . - _ I \I · \ '· ·--. _ _ I 

50 I I /., ,,.·--: L I ' . 

·, 'I ·-- ,,,,.· _. / ·--. ./ "-, ~ <- •- • "'-• t I 0 
May Jun• July Aug. Sept. May J1un~ r 1

Jul
1
y I 1 I A

1
ug.' I ' S~pt 1

• 
Figure 4 . Seasonal abundance and parous rates of Culicoides stellifer collected 

in blacklight traps once a week at the Piedmont Plateau (30 min nre sunset 
to 60 min post sunset), at the Coastal Plain (30 min ~re sunset to 60 min 
post sunset) and at the Coastai Plain (30 min pre sunset to 60 min post 
sunrise) in 1978 and 1979. 

w 
00 

" :t 
0 
a: 
c 
A. 
~ 



39 

excrement with standing water. At the PP sites and RVP site the pas-

tures were well drai~d which did n ct. result in much m rung of manure 

and water. 

This species was collected from May until at least mid-September 

and has been recorded in Colorado from April to November (Barnard & 

Jooes 1900a). Elacklight trap data and parity results from the CP site 

indicated that this species is lmg-lived and multi vol tire in Virginia 

{Figure 5). I did not present the results from the other sites because 

the nunbers caught were too small to be meaningful. The number ot"' 

females collected fluctuated ever time and parous rates decresed as 

number-s increased. The t'luctuaticns in females collected were similar 

to £. stellifer, but f. variipennis had consistantly higher ;iarou.s 

rates. MEan seasooa.l parous rates ranged from 73-83'J in 1973 and from 

53-80% in 1979. These high parous rates persisted. throughout the seas<n 

and were seldom recorded below 30$ 1 suggesting that £. variipennis is a 

loog-lived oontinuouslr anerging species. Ccntrasted. to£. stellif'er, 

f· variipennis a:iults survived in the laboratory up to 14 days. Jai.es 

(1957) observed aiult survivorship up to 37 days in his laboratory. 

Culicoides venustus was most abundant at the CP site and least 

abundant at the RVP site (Table . \ I J • It breeds in wet pastures. muddy 

hoof'prints of livestock, strt:am edges and swamps (Jamnback 196 5, Hair et 

al. 1966, Blantcn & Wirth 1979). These habitats were moot prevalel$ at 

t:.he CP site thereby accounting for an increase in numbers collected 

there~ 
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Figure 6 show the sea.smal occurrence and abundance of this spe-

cies at the CP site (AN) in 1978 and 1979.. £· vemistus occurred from 

May to at least mid-September and agreed with the sea.scnal ocourreooe 

results of Murray (1957) and Messersmith (1966) in Virginia. Because I 

did not determine parity for this species and used a once a week collec-

tim schedule it was difficult to accurately assess the lmgevity or 

voltinism of this species. This midge persisted throughout the sea.sen 

in Virginia and had been reported to do so in Ter:msse (Snow et al. 

1957) t New York (Jamnback 1965), Missouri (Chiders & Wingo 1968) and 

Flor.Lda (Blantm & Wirth 1979), ther-et"ore it is probably multivoltine. 

Its survivorship and potential bi-(or multi )-parity cannot be determined 

until further studies are undertaken. 

~ Preference 

A total of' 17 species and 3,661 individuals were collected from all 

animal bait traps with 92J being taken at the CP s1 te (Tables 7 &. 8). 

All species collected are listed by site"· year, bait, and trap time in 

Apperdix B. Eight species, £· bjguttatus, £. arepuscularis, £. rurens, 

f• obsoletus, £· sarguisuga, £· spinosus, £. ·stellifer, and C. variipen-

!!!! were collected in both years. 

Eight times more Culicoides were collected from bait animals in 

1979 than in 1978. Because no compariscn was done between the vacuum 

trap in 1978 and the drop trap in 1979, I indirectly compared the trap 
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TABLE 7. Number of CuZiaoi<ies species collected by vacuum sampler 
from bait animals in Virginia during 1978. 

Coastal Piedmont Ridge and Valley 
Plain Plateau Province 

-Species Cow Sheep Cow Sheep Cow Sheep Total 

C.:i.rbori.co'la 1 1 

c.bickteyi 1 1 

c.biguttatus 15 5 1 9 30 

C.c:zoepuscu'lal'is 2 1 3 

c. dsbiUpa'lpis 2 2 

C.furens 1 1 

c.guttipennis l l 

c. hotiensis l 1 

c.nige-zr 1 1 2 

C. ob so 'letus 1 2 2 1 6 

c. sanguisuga 2 1 3 

C.spinosus 1 1 

C.ste'lUfer 22 29 2 49 2 28 132 

c.val'iipennis 200 28 1 1 230 

Totals 245 65 6 54 3 41 414 



44 

"TABLE 8. Numbar of Cu'H.coid.ss species co11ected· from bait drop 
traps in Virginia during 1979. 

Coas.tal Piedmont Ridge and Valley 
Plain Plateau Province 

Species Cow Sheep Cow Sheep Cow Sheep Total 

C.bigutta:tus 165 33 11 5 1 215 

C.aPepuscu.Zaris 1 1 

C.furens 15 2 17 

c.niger 2 l 3 

C.obsoZetus 3 1 4 

C.pitiferrus l 1 2 

C. sanguisuga 1 1 2 

c.spinosus 4 4 2 2 1 13 

c.ste'lZifer 723 141 81 58 7 1010 

c .. travisi 11 3 1 15 

c.va.riipennis 1721 182 l 8 1 1913 

c.venustus 44 6 2 1 53 

Totals 2688 372 101 72 14 1 3248 



45 

efficiency of each bait trap with the blacklight trap results during the 

trap time periods iJSing the the three major species collected in ba.it 

traps. I used the CP site for the oomparisal. f. b!fSuttatus and C. 

stellifer were sli~tly less abundant in the blackli~t traps in 1979 

but 7.2 and 7.7 times more abundant in the bait traps, respectively. 

variipennis was 3. 7 times more abundant in the blacklight traps in 1979 

and 8.3 times more abundant in the bait traps. Thase increases in catch 

in the ba.i t traps without a comparable increase in catch in the black-

light traps indirectly indicated. that the drop trap was more efficiert.. 

A major f'actor which affects host attractiveress is physical size 

(Downes 1962, Ht.mph.reys & Turner 1973, Koch & Axtell 1979a) with the 

lar-ger animal attracting the greatest m.mber of insects. At all times 

in this study when bait animals. we.re in close proximity, the cow 

attracted more midges than did the sheep. Because surface area is a 

foocti<n of weight, this relaticnship has been used to equalize size and 

compare nt.mbers attracted with surface area (Htmpherys & Turner 1973). 

But surface area-weight relaticnships can be compounded b;,r factors such 

as age, temperature and acti'li ty of the host (Brody 1945). Thus, I 

tested various formulas presert.ed by Brody to see if there was indeed a 

direct relatimship between ntmbers caught and surface area. If so, 

then most of the difference in catch would have been attributed to size. 

The formulas used were: 

1. iO (weight of the animal 00213 :: surface aree (S) 
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2. o.12w·60 = s 

3. o.1sw·:6 = s 

The ratios between cattle and sheep were: 2. 8 midges/dec2 vs 3. 4/ midges 

dec2, for the first formula, 3.07 midges/dec2 vs 3.08 midges/dec2 f'or 

the second :formula, 3. 31 midges/dec2 vs 2. 87 midges/dec2 f'or the third 

formula~ The first and third ratios imply that the sheep attracted more 

midges per unit surface are, and the second ratio· suggested a direct 

relatimship between m.mbers and surface area. As pointed out by Brody 

( 1945), one needs actual results to make any conclusiais cn whether or 

not attractivemss is affected by weight alme (surface area}. In this 

study I showed that cne should use cautim in relating compone rt.s or 

attracticn to surface area fonnulas. 

It has been suggested that by placing cattle with sheep one 

decreases the possibility of bluetmgue virus transmissiai to sheep 

beeause of a greater attractiveress to cattle {Nevill 1978). CatUe did 

attract more midges in this study and suggests that Nevill' s ida should 

be investigated. 

Species Collected 

Om £.. arboricola ( 1NP, 5129) was collected from the oow at the CP 

site in 1978. This is the first record of this species taken from cat· 

tle, and though it is considered to be primarily omithophilic (Blantai 

& Wirth 1979), it also has been observed on man (Smith & Varnell 1967) 
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and rabbi t.s (Humphreys &: Turner 1973). It.s absence from livestock and 

blackligjlt traps (Appendix A) may be due to its arbo roo.1 ha.bit ratr.ier 

than amithophilic behavior as pointed <Hlt by Tanrar & Turner (1974). 

Culicoides bickleyi is considered to be mammalophilic 1 feeding on 

man and goats (Wirth & Hubert 1962) • but it also was collected once from 

a turkey baited trap in Virginia (Htmphr-eys & Turner 1973). Ore C. 

bick ley.i ( 1NP, 8/10) was collected from the sheep at the RVP site in 

1978. 

Culicoide:s tij~uttatus was the third most abundant species collected 

from bait animals in Virginia. It is considered to be a gereral reeder 

(Hair & Turner 1968) and ha.s been collected from livestock in New York 

(Sctmidtmann et al. 198:Ja). In 1978 at the RVP site, nim females {4NP, 

5E, 611, 6122) were collected from the sheep, and one (1.E, 7/18) was 

collected from the sheep at the ?P site. At the CP site five females 

{3NP, 2E, 5122-6/26) were collected from the sheep and five {5NP, 

5/iS...S/29) from the cow. In 1979, at tr..e RVP site, one female (1Et 

5131) was collected Crom the cow. At the PP site 11 females {2NPr 2E, 

1P, 6/12-7/9) were collected from the cow and r"'ive (2NP, 2P, 1E, 

6/12-7/9) were collected from the. sheep. 

Culicoides creouscularis was collected only at the C? site. In 

1979, two females (2NP, 5/22) were collected from the cow and one from 

the sheep (iP, 6/26). Ore female (1NP, 6/17) was collected from the cow 

in 1979. This is the first record from cattle or sheep. P'.!"'evicn.1Sly, it 

had been collected from man but is considered to be primarily C> mi tho-
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philic (Blanton & Wirth 1979). It has been shown in Tennessee to prefer 

the canopy at the forest edge (Snow 1955) and in Canad a to prefer borEBl 

forests over lakeshores (Bennett 1960). This preference for forested 

ars is supported by the results obtained in Virginia. At the Farris 

farm, which is partially wooded, f· crepuscularis was collected in large 

nmbers in blackligj:lt traps (.Apperx:lix A). At the other sites which con-

tained fewer wods, it was not. collected in large nLDbers. This could 

be an important reasai for its not. being reported attacking pastured 

livestock. 

Tw Q. debilipalpis females ( 1NP, 1 E, 7 /18, 8/8} were collected 

from sheep at the PP site in 1978. This species has been recorded from 
. 

chicken houses in :Virginia and also reported to bite man and horses in 

South America (Battle & Turner 1971).. This is the first record off., 

debilipalpis bi ting sheep. 

Culicoides f\lrens, being halophil ic, would be expected to be col-

lected only from the CP site. In 1978, only one female ( 1NP, 5/29) was 

collected from the cow. Fifteen females (6NP, 9E, 5113-7117) were col-

lected from the cow in 1979 and tw from the sheep (2NP, 5113, 6117) • • ,, 

ia ccnsidered to be a gemral feeder (Hair & Turner 1968, Koch & Axtell 

1979a) and is recorded here for the first time from domestic livestock. 

Blanton and Wirth ( 1979) reported that £· guttipennis is a gemral 

feeder, and in this study cattle are added to the list of hosts. One 

female ( 1NP, 5/23) was collected from the Angus calf at the PP site in 

1978. This species breeds in treeholes and also feeds in forested 
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areas. It has been collected primarily in forest si tuatii:ns in Virginia 

(Hunphreys & Tu.mer 1973). This could explain its lack of abundance at 

pastured sites. 

One f ~ hollenis female ( 1NP 1 5/22) 1 a halophil ic species, was col-

lected from the cow at the CP site in 1978. Although it is an impe rtant 

man biting species in salt marshes, it is considered to be more geraral 

in oost preference {Koch & Axtell 1979a). This study adds cattle to the 

list of hosts. 

Culicoides n~er was •XJllected only at the CP site. !n 1978, ooe 

female (1NP, 5115) was collected from the cow a.-.d one {1NP, 5115) from 

the sheep. In 1979, two females (2E, 711) were colleted from the cow 

and one ( 1NP, 6/17) from the sheep. !his midge is considered to be 

orthinophilic (Jamnback 196 5), but it has been observed biting man in 

South Carolina (Snciw et al. 1958) and is recorded here t'rom cattle and 

sheep. 

Culicoides obsoletus is known to attack domestic livestock (Jamnb-

ack 1965t Scnnidtman.net al. 19B:ia) and was collected in low numbers in 

all three provinces in 1978 but mly at the PP site in 1979. In 1978, 

at the RVP site ooe female (1E, 6/1) was collected from the sheep. Two 

females (2NP, 1 /25) were collected from the sheep and two ( 1NP, 1 P, 

6/13) from the cow at the PP site. At the CP site me female ( 1E, 6126) 

was collected from the sheep. In 1979, three females (1NP, 2P, 712 1 

9/3} were collected from the cow and one (1E; 7/12) from the sheep. 
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Culicoides piliferus appears to be'! gereral feeder ('Blanton & 

Wirth 1979) t but this is the first time f· piliferus has been recorded 

from cattle. are aided to the list or rosts. In 1979J one female {1E, 

5131) was collected at the RVP site and one (1NP, 7/1) from the CP site. 

CUlicoides sanguisuga appears to be a gereral feeder (Hunhpreys & 

Turner 1973) and has rece r.tly been reported from livestock (Sc tm idtmann 

et aL 198:la). It was collected in low numbers at all sites. In 1918, 

one female ( 1NP 1 6/1) was collected from the cow at the RVP site and two 

UNP, 1 E1 6/29) from the cow at the CP site. On= female (IE, 7 /1) was 

collected from the cow at the CP site and one ( rn, 8/27) from tr.ie cow at 

the PP site in 1979. 

CUllcoides spinosus is considered to be mammalophilic, but it has 

been collected from galliform birds in 'Hrginia (Blantm & Wirth 1979). 

Om fsmale ( HlP, 6/i 5) was collected from the cow at the lWP si. te in 

1978. In 1979 1 low numbers were collected at all sites. At the RVP 

site tuo females (1NP, 1E, 5/31, 6/6) were collected from the cow a.."ld 

one (1NP, 6131) from the sheep. Two females (2NP, 6112) were collected 

from the cow at the PP site and four (1NP, 2E, 1P, 6/17-7130) t"rom the 

cow at CP site. The sheep trap at the CP site collected three females 

(iNI?, 2E. 5/27-711}. 

CUlicoides stellifer is considered to be mammalophilic (Schnidtmann 

et al. 19flla) tut has been recorded once in a turkey baited drop trap 

{Hl!llphreys & Turner 1973). In this stl.rly it was the second most abun-

dant species collected from livestock. J\t the RV? site in 1978, more 
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females were collected from the sheep than from the cow. Two females 

(HIP, 1G, 7116) were collected f'rom the steer and 28 (6NP, 2P, 18E, 

6/1-8 /17) from tl'l; sheep. In 1979; 

5/31-6/6) were collected from the steer and nme from the sheep. This 

difference in host preference between the two years could have been due 

to the movement of' the sheep closer to the cow in 1979 and <May from the 

midges rea.rest pot er£ial breeding site. A difference in host preference 

also ocrurred at the PP site. When the cow was moved to the sheep site 

in 1979, where exter.si ve breeding existed for ,g_. stellifer, the cow trap 

collected more. Two female f· stellifer ( 2NP 1 6113) were collected from 

the cow in 1978 and 49 ( 31NP, ~pt 10E, 30 1 6/4-9/9). were taken from 

the sheep. In 1979, 81 females (30NPt 24P, 27E, 6/12-9/3) were col-

lected from the cow and 58 (19NP 1 lP, 38E1 6/12-9/3) from th:! sheep. 

At the CP site in 1978, 22 females (19NP, 1P, 2E, 5127-9118) were 

collected f'rom the cow and 29 (6NP, 1P, 22E, 5/27-9/18) from the sheep. 

In 1979t the numbers caught were touch larger ..,i.th 723 females {72NP. 

23t\ 1G, 627E, 5/21-9/17) collected from the cow an.d 141 (24NP, 8P, 

109E, 5/21-9117) from the sheep. 

Culicoides travisi appears to be a geraral feeder (Blantoo & Wirth 

1979) and was recorded from sheep and cattle in 1979. Ore female (1G 1 

6/6) was collected at the RVP site and 11 ( 1N, 1 OE, 5/13-7 /8) at the CP 

site from the cow. Three females (1NP, 1E, 1P, 5/15-6/17) were col-

lected from the sheep at the CP site. 
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OJlicoides variipennis was the most abundant species collected from 

the bait traps (Tables 7 & 8) and was frequently reported from livestock 

(Blanton & Wirth 1979). At the RVP site in 1978, one female (1?, 7/6) 

was collected from. the sheep and n01e from the steer. In 1979, one 

female (1EP, 6/6) was collected from the steer 7 but nme were collected 

from the sheep. At the PP site in 1978, one female (ENP, 6/10) was col-

lected from t~ cow. In 1979, ooe female (EP, 7118) was collected from 

the cow and eight (HlP, 1ENP, 6EP, 6/12-8/27} from the sheep. At the CP 

site in 1978, 200 females {53NP, 4ENP, 115?, 26EP, 2G, 5115-9/6) were 

collected from the cow and 28 (6NP, 6ENP 1 SP, 10EP, 1E, 5/15-3121) from 

the sheep. In 1979 1, 72 i females (158NPt 519ENP, 215P, 716EP, 113G, 

5/13-9/17) were collected f'rom the oow and 182 (8NP, 95ENP, 11P, 68EP, 

5/21-9/10) from the sheep. One male was collected from the cow. 

Culicoides venustus was collected only from cattle and sheep in 

1979. At the R'il? .site ooe female (NE 1 7119) was collected from the cow. 

At the PP site two females (2E. 712, 7118) were collected from the cow. 

Forty-four females (32.NE, 12E1 6/17-8/20) were collected from the cow 

and aix (5NE, 1E, 711-9/10) were collected from the sheep at the CP 

site. The host preference of this species was unknown until Sc rm idtmann 

et al. ( 198'.Jb) collected them in bait traps after duak. It appeared 

that their absence from bait traps at dusk was due to their nocturnal 

feeding behavior. The lack o:r."' catch in 11aruum traps in 1978, but not in 

(:tr-op traps in 1979 suggests that differences in trap efficiency may have 

influenced catch in VirgirJ.a. 
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Thirteen fewer species of Cu licoides were collected in bait traps 

than in blacklight traps. All 13 species collected in the blacklight 

traps but not in the ba.i t traps were collected in low numbers for two 

years {¢!.() total). The host preference ot four of the species collected 

is unknown. They are: f. huss~i, f. jamnbacki, f· par§Rilirerus and £• 

~· Three species are only known to bite man. They are: f· alexan• 

~, £. bergi a.11d £· baueri. Tw are omithophilic: C. sca.nloni and 

£. ousarini. One has been collected previously from a turtle, £. testu-

dinalis, and three, f. haemat9?otus f· mulrennani and£. villosipennis, 

are gereral feeders but not recorded from livestock. The lack of pre-

ference for sheep and cattle may account for their absence in bait 

traps, but it may also be .jue to low populatims in the a.re of trap 

placement. 

Activity Period 

Most species of bi ting midges are considered to be crepusrular, 

although sane are nocturnal (Kettle 1977). Activity patterns can be 

depe.nderi; en e nvironme~al cood.i ti<ns such as temperature, wind and hum-

idity.. The degree of influence of these factors can vary with the .spe-

cies. Table 9 show the activity of the four most abundant species col-

lected in bait traps. Activity of both f· biguttatus and f· variY?ennis 

peaked at SSi-30 (Table 9). This was also the case in a oomparisi::n of 

bait traps with the blacklight traps (Table 10). The number of C. stel-

lif'er collected was similar for the f'i:rs t three bait trap times and 



decreased at SS+60 (Table 9). During the compa.riscn between blackl ight 

traps and bait traps this species was more abundant at SS+30 (Table 10). 

C. venustus was most abundant after sunset in al 1 traps (Tables 9 & 10). 

Only £. venustus, which was nocturnal in host activity, had an 

incrmse in catch at SS+60 for both bait traps and light traps {Table 

10). At the CP si te 1 87-90% of the total seascnal catch of this species 

in blacklight traps was taken rrom SS+90 to 0800 (RN). This is in agree-

ment with a nocturnal activity pattern; assuming no large morning peak. 

Eased oo. bait trap collectioo.s at the CP site, t r.e a ctii."i ty of f. b :igu t-

tatu s peaked at SS+30 1 but light t:raps collected 86-94S cf the total 

catch from SS...90 to 0000. Nocturnal activity was also recorded by Wil-

liams { 1955). He also wed light tt'a.ps and tound £. b:Ysuttatus to be 

moot abunda.."lt after midnight. In this study, I observed a continuati.al 

or nocturnal activity forf. stellifer with 79-87% of.' the total catch 

occurring during the RN trap time. 

The activity of' f· variipermis has been exam ired !J.Sing sheep and 

man as bait ( Jcnes 1961, Foulk 196 9). Both investigators found f· variJ,e.-

ennis to be most active at dusk.. I observed similar results in this 

stooy. co2 traps are considered attractant traps, and Nelsen and Bel-

lainy found them also to collect more f· variipenni~ at. sunset. Nelsen 

and Bellamy ( 1971) and Barnard and Jcnes ( 198'.>b), using truck traps t 

concluded that there was a crepuscular peak in activity, but there was 

also an increase in nocturnal ,:a_tch in mid-si.mmer. Barnard and Jooes 

( 1900b) attributed the increase in night catches to delayed activity due 
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TABLE 9. Most common CuZiaoides co11ected from bait animals at sunset 
minus 30 minutes (SS-30), sunset (SS), sunset plus 30 minutes 
(SS+30), and sunset plus 60 minutes (SS+60), in Virginia, 
1978 and 1979. 

Species SS-30 SS SS+30 SS+60 

c. biguttc:.:tu:? 26 72 104 32 

t:. ste ZZ·ifer 368 366 343 68 

c. uariipomni.s 53 354 1403 333 

c:. !_.,'enustus 1 26 25 
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TABLE 1 o. Common CuZidoides co11ected from bait animals compared to 
blacklight traps at sunset minus 30 minutes (SS-30), sunset 
(SS), sunset plus 30 minutes (SS+30)t and sunset pi us 60 
minutes (SS+60) during the comparison test on the Coastal 
P1ain in Virginia 2 1979. 

Species Trap SS-30 SS SS+30 SS+50 

BLT 0 0 30 1 
·"' big"vlttatus Cow 0 0 17 2 '-'• 

Sheep 0 0 2 

BLT 31 119 1172 355 
c. steZ.Zl~fer Cow 8 33 91 29 

Sheep 4 6 6 3 

BLT 4 30 183 164 
1""' vax-Hpennis Cow 2 49 198 71 v• 

Sheep 0 4 7 

BLT 5 28 37 
c. venuetus Cow 0 l 14 17 

Sheep 0 0 2 2 
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to high temperatures. This may have been a determining factor in the 

continuatim ot activity a.f'ter dark of' this species in Virginia.. Light 

traps collected from 76-92% of the total catch of f· variioennis during 

the RN trap period. The factors that influeooe a continuaticn of flight 

a.cti vi ty as indicated by the bla.cklight t!"a.ps are net known, though they 

probably involve more than light interni ty. 

Differences in catch between trap types are frequer.tly reported for 

Culicoides (Hill 1.947, Sidlingmayer 1961, Service 1969b, Linley et al. 

1970, Tanner & Turner 1975, Klira & Axtell 1976). Attr>activerass to 

shape (Bidlingmayer &. Hems 1979) or color (Hill 1947) could be inhibited 

by darkness when the host animal is net visible. The light trap would 

be attractive after dark (less attractive oot'ore this period) and con-

tinue to collect active species, thereby explaining the differences bet-

ween trap catches. The n cnattractant truck trap used in ctr.er studies, 

would be seeking the insect rather tha."1 visa versa. This could be 

another important difference. If visual cues are important, a nocturnal 

species like f.· venustus would have to possess host-seeking semes dif-

ferent from other species. Perhaps £. '-tenu.stus is better able to detect 

a component of host odor or exhaled co2 from the host for an adaptive 

nocturnal host-seeking activity. It would be of interest to exaznw the 

sensor"'/ receptors of day-flying, crepusi:ular and nocturnal Culicoides to 

see if a morphological ~ aptati,oo exists that is related to host-seeking 

activity. 
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Other environmert.al parameters could be impo rta.nt in the flight 

activity of Culicoidee. For example, temperature has been show'!l to 

influence flight patterns of many species of biting midges (Fontaine et 

al. 1957, Kettle & Linley 1967, Kettle 1969) but not for C. iirouootatus 

(Reuben 1963). Kettle (1969} presented evidence suggesting that the 

effects of temperature en biting rates of Culicoides may depend on itS 

magni tud.e. He showed a positive correlaticn between temperature below 

21°c and bi ting rates 1 indepe ndert. correlati01 between 21-24°c and a 

negative correlatim above 24°c. 
In this study, .£· stellifer appeared to show similar trends in 

relati<r. to temperature. When I exam.ired the resul cs or the comparison 

test, a larger catch ocau·red at SS+30 (Table 10) rather tha.11 similar 

catches at SS-30, SS and SS+30 as oca.u•red when the the se:>.smal results 

were exam ired (Table 9). The compariscn was run between July 16 and 

September 5. On four of the eight trap nights when the temperature was 

>25°c at sunset the catch was much higher at SS+30 than at SS-30 '" r SS. 

On two nights the temperature at sunset was <22°c and results were simi-

lar f'or the first three trap times a.'1d showed a decrese at SS+60. On 

the other two nights tenperatures were <22°C, but numbers were too low 

forcomparisicn. This suggests that f'li@:lt •as inhibited whentempe.ra-

tures were >2s0 c, but as the evening progressed and temperatures 

decraased, flight behavior was initiated. This behav'ior is similar to 

that suggested f'or f· variipennis by Barnard and J<l'.les { rg8J:o). Alt-

hough this trend ;.;as not observed for other .species in this study, the 
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effect of temperature and other climatic conditicns are nct mutually 

exclusive and trems may be hidden by such factors as rainfall, hum id-

ity 1 illuminatim etc.. Also, effects may be species depended:. as in 

mosquitoes (Haufe 1966), and climatic factors may net completely explain 

the activity patterns of' insects at night (Haddow 1966, Reuben 1963). 

Co!!?a.rison between !raps, Tr¥ Time and Oonotrcphic ~ 

The first compariscn I ma:ie was between blacklight trap time per-

iods at the CP site for the three major species collected in 1978 and 

1979 ( f.. biguttatus, f· stellifer & f. variipennis ) • T:rap times were 

SS and RN. Results showed no differeooe in gone.trophic age between trap 

times for£• biguttaru=i. and f.. variipenni.s 1 but a significantly younger 

portioo of tl:)e f.. s tellifer pop:ilat.icn was collected during the SS trap 

period (Table 11). Bait traps were subdivided into f'ou:r time periods, 

and in 1979, light traps were subdivided into the same four periods oo · 

eight occasioos. Therefore, the 1979 catches could be used in support 

of the above results. The four bait trap periods showed an increase in 

parity for£• stellifer from 13%-45J. The parity of females collected 

at SS+60 was significantly differer£ from SS-30 (p < o. 019), barely ncn-

significa.nt from SS (p<0.058) and nmsignificant from SSi-30 (p<0.103). 

!he parity of females collected during the other trap time periods were 

not .significantly differert from ea ch other. Combired results from all 
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si te.s showed no significant differences in ;iari ty between the four bait 

trap time periods, but parous rates were 24.0S, 20.Q'J, 20.Q'J, 36.Q'l, 

respectively. Subdivided blackligtit trap catcres from the comparisicn 

test showed a progressive increase in parity on seven of the eight tl"ap 

dates. These results further suggest that the flight time for C. stelli-

fer differed with age. 

The second compariscn was maie between cal~tle and sheep. ! cnly 

used data from those nights when both bait traps collected midges (Table 

12). f. biguttatu.s and g_. stellifer showed no dif.t'erence in age of 

catch at the CP site 1 but f· stellifer did show a diff'ereooe in age of 

catch at the PP site .. A significantly higher parous rate was observed 

for £_.stellifer from the cow trap (p<0.001). I could only analyze the 

collecticns of f. va.ri:ipermis at the CP site because of low numbers col-

lected at the other two sites. In 1978 and 1979 1 the cow attracted an 

older poµ.ilaticn (p <O. 087 & p < o. 001 1 respectively). 

The final comparism was m:ie between bait animals traps and light 

traps which were run during the art.ire SS trap time. It was done for c. 
'lariipennis at the CP site (1978 & 1979) and for f· stellifer at the CP 

site ( 1979). In all tests there were no significant difference;s in age 

(>f eidge.s collected from the bait animals. 

It has been shown in ct.her biting flies that the goo <:trophic age or 
the catch can differ depending on trap type, trap locatim and trap time 

(Duke 1960, Davies 1963, SerVice 1976). For biting midges in Africa, 

Walker ( 1977) found no difference in age of catch using sucticn traps, 



lable 11. Gonotrophic condition of midqes collected in blackli<Jht trans run at sunset (SS}' 
and the remainder of the nif!ht (RN) in Virqinia. 1978 and 1979. 

Species 

C. b·i'.auUautu.11 

C.steZlife1• 

('. V<:Lr'ii.oen:nls 

,, ·····-·-----··"•''""""-~"'-·"..,.'"'"'· ... ···-,~···_,,.". _ _.,,.,."",~-~-·-·~·-·~·"""'-'--~'"·.,,,__,·~=--.. ·-·~,,.._,-,"~·~~'··~-"----'-••·-·--_,,,,_,..,,... _______ , __ ~~----·~ 

SS 
-·~ ...... ,._ ... ~~-.. ,.,..,, 

117(68.4 }* 

1378(31.l} 

298( 73. ~~) 

"1978 1979 

RN 
,,, -· ¥-.....__......,--~~-~-

277(70.0) 

5446( 38. l) 

1191(57.2) 

p** 
-·-----

o. 743 

0.001 

0.559 

SS RN p 

149(61 .7) 998(56.4) Q.219 

1934(29.4) 13,716(36.l) 0.001 

1217(53.1) 4039(55.5) 0.139 

*Number collected and (parous rate). 

** P value of Chi Square test for differences in parous rates 

°' 1.-• 



Table 12. Gonotrophic condition of midges collected in traps baited with a sheep or cow in 
Virginia, 1978 and 1979. 

Species 

c. biguttatim 

C. sLetZife1? 
(Coas ta 1 

Plain} 

C' .. rrtt.: l 

c. 

Cow 
""'-.. "-·--

5(0.0)* 

20(5.0) 

201(71.6) 

1978 

Sheep 
··-~--~----

3(0.0) 

7(14.0) 

27(55.6) 

*Number collected and ( parous rate). 

1979 
·------·-· .. -···~·-·-·--····-··-

p** Cm11 Sheeo p 
~"-·---<------··· 

n • s.. 9(78.0) 6(83.0) n.s. 

n.s. 95(25.0) 32(24.2) n.s. 

50(44.4) 20(5.0) O.OOl 

0.087 1721(57.9) 182(42.9) 0.001 

#<.* P value of Chi Square test of differences in parous rates. 

()\ 
N 
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CDC traps and Mcnks Woods traps for Culicoides oallidioennis C •• r.& M. 

and Culicoides schultzei (End.). However, Duval (1971) found nullipa-

rous L~toconops spinosifrons (Carter) more active during the middle of 

the day, and Dyce and S tandfast { i972) found Culicoides marksi Lee & 

Reye flying earlier in the evening. Recently, Nathan (1981) observed 

older female Culicoides phlebotoms (Will.) flying later in the even--

ing. Rasul ts here indicate that the flight behavior of C. s tellifer is 

similar to that of f· marksi and f. oh lebotonus. Also, becau.se an older 

portim af the £· stellifer poµ;1laticn was attracted to the cow at the 

PP site and not at the CP site, I suggest that trap locatic:n can also 

influence the gonotrophic age of the populaticn collected. The differ-

ence in gonotrophic age of :midges collected f'rom the ccw and the sheep 

for f.· variipennis is unusual and could play an important role in the 

control of STV (see page 75). 

Vee tor Potential 

The characteriscics of an il"'~ect that make it an effective vector 

inclu:ie pathogen receptibility, host preference, lcngevity, frequeroy of 

feeding, mobility, nt.mbers and physiological and behavioral plasticity 

(James & Har~od 1969). In this study, I exam med host preference, num-

bers collected and lcngev:i ty. Seve rt.ee n species of Culicoides were col-

lected from the bait animals, but cnly f'our were ~llected in large 

enough m.mbers to obtain data on sa:i.scnal at:undance and parity to allow 
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speculaticn on their potential involvemert. in BTV virus transmissicn. 

C. venust.us was collected throughout the se:asm. It was present during 

the t.ime of year when BTV' virus outbreaks ha11e occurred. But, no records 

of its previous .involvement a.""e available, and Jmes (pers. comm.) has 

shown, in his Laboratory, that £· venustus would n ct successfully tran-

smit B'IV. Therefore the potert;ial for BTV tra.nsmissioo. in C. venustus 

would appear to be low. 

Culicoides b.!:guttatus was an early sunmer species occurring in high 

numbers and with high parous rates. Its p:;ter.tial disease transmissicn 

is limited because of its abseree in late summer and early fall when BTV 

outbreaks occur. wt, it may be involved in a spring amplif'ica.tioo of 

BTV or perhaps it promotes the ::-eentry of .the vir'JS into the peripheral 

blood stream of cattle and sheep. 

The second most abunda.'1t. species collected on host animals, f.. 

stellifer, ocrurred in high numbers throug.l'lout the year, but it had low 

parous rates and appeared to have low ooult lcngevity. This species 

should be examii.-:ed further in relaticn to pathogen receptibility to see 

if it can transmit BTV. 

The vector potert.ial of f· •1ariipennis is highly depender.t. en the 

bi ting behavior of the parous females since transovarial transmissioo is 

tmlikely. Nevill ( 1978) suggested that cattle, because of their high 

level of attractiveress to Culicoides, can be used to prever.t BTV tr'an-

smissicn to sheep is supported in this stuay by the fact that a larger 

porticn of the parous females are attracted to cattle rather than to 
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sheep. .£. variipennis was abundant throughout the year, had high parous 

rates and was lcnglived. Tt.ese !'esults and its known involvemert in BW 

transmissioo. make it the prime candidate for further studies en vector 

efficiency in Virginia. 

SUMMARY 

Black l:igh t Traps 

Culicoides collected in 'lirginia during this study were affected by 

trap site, trap locaticn and geographical regicn. Thirty species were 

collected in blacklight traps with£· b:iguttatus, f· obsoletus, f· stel-

lit'er, f· variipennis and f· 'tenustus being most abundant. f. bigutta• 

tus was uni vol tire with a possi ole second emergence in early to :n id-sum-

mer at the CP site. C. obsoletus appeared to be mul t.i vol tire with 

parous rates ranging from 8-41 ~. Low numbers were oollected throughout 

the year, and 66% of tr.a total 'females collected were gravid. Tte mo.st. 

abundant species collected in blacldight traps was £. stellifer. Mean 

see.scnal parou.s rates ranged f'rom ~-30~. Cootinuoualy high pc>pJlaticns 

showed that this species was multi vol tire. Also, _£. s tell if er a:1 ul ts 

appeared to have a short loogevity. 

The second most abundant species in olacklight traps was f.· v ariie-

~· It was multivoltira 1 had higtl men seasooal parous rates ranging 

from 53-83% and adults appeared to !'.ave a loog survivorship. 
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CUlicoides venustu~ was present during the ert.ire sea.sen (s), but 

since parity was not determirad, ! can mly assume that it is multivol-

tire. 

~Preference 

Seventeen Culicoides species totaling 3, 661 a.dul t Culicoides were 

collected from sheep and cattle bait traps. The major species collected 

were f· b;iguttatus, f. stellif~r, f· variipennis and f'.· venustus. The 

drop trap was more ef'ficiert. than the vao.rnm trap and cattle t!"aps col-

lected more midges than did sheep traps. Physical size appeared to be 

the major factor in nunbers caught. 

Ac tiv' i t:f Period 

In bait trap collectims, Culicoides b;iguttatus and f· variY?ennis 

were more active at. SS+30, but li~t trap col.lectims indicated that a 

portim of the populatim was active all night. Blackl ight trap collec-

tio:is indicated that£· stellif'er was also active at nightt but showed 

3imilar attractiveress to bait animals f'o~ the first three trap times 

(SS-30,SS,SS+30} with a sharp declire 3.t SS+60. However, during the 

compariscn teat when tanperatures were above 2s0 c, flight activity 

peaked at SS+30. Culicoides venustus was n:ccturnal and more abundant in 

bait tra.ps at SS+60. 
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Coaparison Tests 

Blackl ight trap and bait trap results indicated that a younger po r-

ticn cf the .£. stellifer populatim began flight activity earlier in the 

evening. This was not tbe case for tr.e othe:r major species. An older 

portioo of the £.. variipennis females was attracted to the cow at the CP 

site. For .f· stellifer. older females were attracted to t.he cow at the 

PP site. Tr.is suggests that site inflllenced the gonotrophic age of 

catch. There was no differences in relaticn to gon ctrophic age between 

bait traps and blackligit traps operated during the same trap period. 

Vee tor Potential 

Because f.· vari.!,pennis was collected in large rn.mbers, had '1igh. 

paro us rates, had a looge•ti ty grm ter than ether midge species collected 

and had been previously reported to be involved in BTV transmissi01 1 I 

decided that this species was the most important species for continued 

studies in Virginia. fut, 1 recommem that more wor'.c 1::e done oo the 

biologies of .f· bigu ttatus and f· s tellifer in o rd.er to assess their 

potential involvement in BTV transmissicn. 



Chapter IV 

A M:lRPH01'£TR!C STUDY OF CULIOJIOOS VAR!!PENNIS 

!ntroduc tion 

Culicoides variipennis {Coq.) is a proven vector of Bluetoogue 

virus to sheep and cattle in the U.S.A.{Luedke et al. 1967) 1 and it has 

been shown to be the most abundant species collected from livestock in 

Virginia. C. variipennis was the most abundant Culicoides species col-

lected on a dairy farm where several cattle wer-e serologioolly positive 

for BTV antibodies (unpu b. re po rt, Virginia Dept. Hesl th). These 

I"esul ts, coupled with the lack of biological informaticn 01 other 

aspects of its vector potential, led to populaticn studies at ari iso-

lated breeding site in Saltvillej VA (see Figure 12). 

The poi:ulaticn of £. •1arioennis in Saltville may net be the same 

species that I hav·e designated f.· variipennis in the :-est cf the state. 

Originally there were considered to be five subspecies in the C. varii£-

~ complex. Tw subspecies occurred in Virginia, f· !!!· au:strali.s 

in Saltville and £· !.!!:· vari.ipennis in the rest of the state. (Wirth & 

Jau~s 1957). Other- authors have suggested that the character, adult 

size, used to separate the sub.species varied with habitat (Rowley 1965, 

Ater.le:; 1967 t Childers & Wingo 1968). The unreliability of a:lult size 

f'or taxon an ic sepal'.'aticn ~ f· ya.riipen~ into subspecies wa.'3 further 

examired by Her.sleigh and Atchley ( 1977). They conclLrled that t.he sub-

species classificaticn be dropped until further taxon anic work was con-

58 
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ducted. More receztly, Downes (1978) proposed that there were actually 

two distinct species, Q. occ identalis in Saltville and f· varqpennis in 

the rest of the state. A major rescn for the two species hypothesis 

was that no intermediates existed between the two species. 

To determine whether I was dalingwith anct:,her species in Salt-

ville, I exam i.ood the potert.ial •nu•iabil ity of f. variipennis using a 

morphometric analysis of ai ult size. 

Materials and Methods 

Moo samples containing pupae of f. variiPennis were collected from 

six sites in Saltville, Virginia (36° 52' N, 81° 52t W) and one site 

(site 7) 5.!la Km away in eastern Virginia (36° 48 1 N, 76° 41' W). Sites 

are described in Table 13. Four collectiais were rna::le during 1979: 

April 18, May 30, July 27 and August 31 in Saltville and April 16, May 

28, July 25 and August 29 in eastern Vi!"ginia. Samples were placed in 

olear plastic bags which were placed in half gallcn size car-dboar-d ice 

cream cartons. A cne pint cardboard ice cream cartcn con tai.ning an 

inverted fu.nml was attached to the top W'hich served as an emergence 

o· cage. Moo samples were kept at 22 C. Emerging adults were collected 

trnm 12-48 hrs post moo sample •:x>llecticn and placed in 80% etbandl. 

Twenty-five females from each collectim were dissected for mesuremert. 

'oy removal of the head 1 one wing, and the a. bdomen. ?arts were arranged 

on microscope slides in order of decreasing part size with four glass 

chips placed oo four sides. to decre.se distortioo (un!)Jb. method 1959, 

W. Wirth). Ir.sect parts were clered and mounted in Hoyers mediUll1. 
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TABLE 13.Habitat description and salinity ranqe for sites of Culicoides 
variipennis collections used in morphometric analysis in Vir-
ginia, 1979. 

Site Habitat Sa i inity (0/00) 

5 acre pond. 5-10 

A1onq lm wide channel 0.3m deep. 3-8 

3 5-6 acre pond fed by a cold mountain 0-0.5 
spring. 

4 2x3m pool; site of old brine well 10-22 
with no active flow. 

5 End of a long drainage ditch; width 12-33 
at this ooint 33m. Back flow from 
freshwater creek and seepage from old 
brine wen. 

6 30-60cm poo 1 ; o 1 d we 11 head with 10· 12 
active underground seepaqe. 

7 Temporary mud-manure poo1 (4x3m}. O 
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Twelve a:lult characters were mesured (Table 14). In previous 

variability studies by Hensleigh and Atchley (1977) all 12 characters 

were significant. They all have been used previously in Culicoides tax-

cn any {Battle & Turner 1971). Measuremert.s were made with the aid of a 

Zeiss phase contrast microscope equipped with a calibrated ocular 

micrometer. 

Four environmental parameters were mcni to red over a three week per-

iod prior to each sample collecticn. Maximum arid m inimun air tanpe:ra-

tures and rainfall were me sured daily. Salinity was !l'leisured with a 

YSI Model 33 sal incmete.r once a week. A three week develop:nental period 

for larvae and pupae was assumed (Jcnes 1957, 1964). We ther data at 

the eastern Virginia site were taken from Lake Kil by Naticnal wea. tiier 

Statioo, located appro rimately 3. 2 Km from the study site. In Salt-

ville, the weather data were collected 1.6 Km from the study site at the 

town sewage treatment plant. !t should be nd:.ed that the first collec-

ticns of the year were :remnants of the overwintering populaticns. 

Factor analysis was used to analyze data (Atchley 1971, Hemleigh &. 

Atchely 1977). Factor- ar..al}':!is nattempts to isolate and ider:tify the 

morphogeretic forces that interact to produoo the organism phenct.:ype" 

and creates smaller subsets of correlated variables {Atchley 1971). 

These subsets are called factors and are made up of all the original 

characters. The original characters explain a oel"tain amount of the 

variance of each factor and the amount that is explained is called the 

loading. Raw •:iata could potert.ial ly increase the explanaticn of varia-
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Table 14. Morpho1oaica1 characters measured in taxonomic analysis 
of CuZ.-iaoides va:t'iipennis poou1ations in Viroinia, 1979. 

]. Wing length (WL) 
2. Wing width (WW) 
3 t' ... 1 1 th 1 .. 1 ) • ...os "a eng ~ , \ 1....1.., 

4. length of the first 8 antennal segments (FA) 
5. Length of the last 5 antenna1 segments LA) 
6. Length of the third ma nary oalp (U~) 
7. Width of the third maxillary oaip (\!JM) 
8. Head 1ength (HL) 
9. Proboscis length {Pl) , 

HJ. Lenqth of the i5th (distal) antenrial segment fLD) 
~Jidth of the 15th (distal} aRtermar segm~nt (WD) 
Lenqth of the hind femur LF) 

-q 
I', 
12. 
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bili ty by aiding commm variances from diffe:rer:t. var'iables. Too use of 

factor" analysis el.iminates this potert.ial pro bl em and exam ires more com-

plex variability. Orthogonal rotaticn of factor scores was used because 

it assumes no correlaticn between variables {Atchley 1971). Factor ana-

lysis was also performed on the environmental variables. 

Stepwise multiple regressiai. was per.formed on measured characters 

and environmert,al parameters. 

Posterior probability of membership in each site was determired by 

discriminate analysis (Hensleigh & Atcl"J.ey 1977). It was used to e:xa-

m:i.re whether an insect would have come from its origi:r.al site of collec-

tioo t if the site was net lmown. Mm.sured characters from midges within 

a site are used to create a lirear f'uncticn for ea.ch site. Then all 

midges {measurements of crara.cter-s) at"e fitted to all lirear models. If 

a midge fit the l irear f'uncticn of its original site the best then it 

was a positive posterior idert.if'icaticn and if net it was a regative 

poster'ior identificaticn. This is called the determinaticn of posterior 

probability of manbership in sites. 

All statistical procedures were carried out at the VPI & SU Compu-

ter Center IU3ing SAS (Helwig & Council 1979). 

Results and Discussion 

Five hundred and severt.y-five midges were measured. No :nud samples 

were collected from sites 2 and 3 on April 18 and no midges emerged from 

samples collected in late August at sites 3 and 7. Three factoro 
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(I, II, III) were extracted from the 12 morphol•:igical characters measured 

(Table 15). F'actor I was highly loa:ied by all cmracter"s except the 

lengtn and width of the distal antemal segmert'. Factor !I was highly 

loa:ied by the length or~ the last five antemal segmerts and the length 

of the distal antennai segmeri;. Factor III was highly loaj ed by the 

width of the distal segmert. The proporticnal cootributicns of commcn 

variance (eigenvalues) were 5.94r 1.92 and 1.04 respectively and 

explained 49.51j of the total variance for factor I, i6.01$ for' factor 2 

and 8. 69$ for factor III. 

I then used factor sc-..:>.res as rew variables and prefonned a.'1 analy-

sis of variance (ANO! A) with date, site and date-site interacticn as 

the main effects. In all ANCNAs the three main ef'fects were highly sig-

nificant (p< 0.001). This associatic;n is further shown in F'igu:res 7 and 

8, for the four sites from which four successful collecticns were made. 

Characters changed a:t ea ch site ever time and varied between sites en 

the same date. There was a gereral decrmse in size over the ertire 

time period, but sane characters incrased in size en August 29 in Salt-

ville. This was the time period when temperature was the highest and 

smaller adult size would be expected (Linley & Hinds 1976, He:nsliegh & 

Atchley 1971). However t it has been shown for other o rga.ni.sms that maxi-

mun size can be a crei ved both at high and low temperatures (Precht et 

al. 1973}. 

E.·wironmer.tal parameters (rai!'l..fall, minimun temp.* Jlaximum t51!.p. 

and salinity) gererated two f'actors (!able 16). The first tacto?"' was 



TAl3LE ·t5. Varimax rotated factor matrix and final communality estimates (hx) of 12 nnrphologi-
cal characters for f'::!Jicoi_des_ yar:_itQ.§nni~-· 

. __ y~_n_· a_b }g_ ___ _fl!f!Qr~I ______ , _______ F_a_cto_r___I_I ·----~F_"<1_ct_o r _.I 1~l_ _______ lhx.L _____ . __ _ 

1 . ~Jl 
2. Wl~ 
3. CL 
4. FA 
5. LA 
6. LM 
7 WM 
a. ML 
9. PL 

I 0. LO 
1 L ~~O 
12. LF 

Eigenvalues 
% variance 
explained 

0.9425 
0.8360 
0.9320 
0.8849 
0.3728 
0.8145 
0.4620 
0.6426 
0.7015 
0.0451 

-0.039.3 
0.8821 

5.9414 
49. 51 

0.1269 -0.0992 0.9143 
0. 1298 0.0375 0. 7171 
0. 1314 -0 .1081 0.8976 
0. 1371 -0.0705 0.8068 
0.7928 -0.0724 o. 7728 
0 .1839 0.0512 0.6998 
0.2283 o. 2394 0.3229 
0.3524 0.0229 0.5376 
0.3866 0.1046 0.6525 
0.9227 0.0450 0.8554 

-0.0174 0. 9677 0.9381 
0.1088 0. 0115 0.7901 

1.9207 l . 0430 
16.ffl 8.69 

'-J 
V1 
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highly loaded by the temperature variables and the second by rainfall 

and salinity. The pro po rtiooal ccntriooticns to commcn variance were 

2. 04 for factor I and 1. 36 for factor !I, explaining 51 .2% and Ji. 0$ of 

the total variance respectively. 

Results of the stepwise regression f'or the mo.rphometric size factor 

I are presented in Table 17. Factors II and !II are net preseri:;ed 

because all r 2 values were lower than O. 26 (X:O. C6). The explanaticn er 
variance for size factor r was highly correlated with the temperature 

factor(!), and r 2 varied with site. Only sites 4 and 5 showed a signi-

ficant contr'ibutim to the 'la!'iance explana.ticn by the rainfall and 

salinity factor (I!). These two sites had the highest salinity, and 

this may have contributed the significance of facto?" II. 

The possible role cf salinity in determining size ha.a been alluded 

to but not tested ( Wirth & Jcnes 1957, Hensleigh & Atc!'J.ey 1977). I 

exam mad the role of salinity in this study, as well as the associatim 

of size change with mg or the other temperature parameter, by stepwise 

r-egressia:1 using the mor'phometric factor scores and the four emironmen-

tal parameters without the ge raraticn of factor;:i (Table 18) • The use of 

maximun or minimum temperature in all models appeared to be due to the 

presence or absence of a cold water source. Models for sites 1, 4, 6 

and 7 were related to maximum temperature. The first three sites were 

small 1 and site 1 was located in a backwash of a pon ct. All four .sites 

could nave been infl1.2 need more by maximum air temperature because smal-

ler pools heat up more rapidly. Minimum temperature was u.sed in the 
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TABLE 16.Varimax rotated factor matrix and communality estimates (hx) 
of four en vi ronmenta l parameters. 

Variable Factor r Factor II (hx) 

1. Rainfall 0.31 0.7692 0.6896 
2. Minimum temperature 0.9856 o. 1622 0.9977 
3. Maximum temperature 0.9806 -0.0142 0.9617 
4. Salinity 0.1254 -0.8614 0.7578 

Eigenvalues 2.0466 1 • 3603 
()/ variance 51 .12 34. 01 ,a 

explained 
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Table 17. Stepwise regression of size factor I with temperature factor( I) 

and rainfall-salinity factor(I I) for f. variioennis. 

Site _[s 
? Model r'"' 

113.0(I)*** . 54 "( :::: 0. 313 - 0 .469{I) 

2 1o.80(I )** 1~ . ',.; y ::: 0.258 - 0.17(I) 

3 134. 17{ 0*** '71 
~ l ...., v :::: -0.256 - 0. 922 (I) 

4 59. 6{I )*** .68 y ::: -0.255 - 0.498(1) 
49.3{II)*** 0.592(II) 

5 556. 18(I )*"'* .89 y ;;: -0.739 - 1.04( I) 
40 3{I,.'*** ~. ;. J 0. 949( II) 

6 195. 3( I)*** .66 '( ::: 0.103 - 0.870(!) 
.., 15. 79( I)*** .25 "' ::: ot 1 aa + 0.415(r) I ; 

** p <O. 001 , *** p . 0001 . 
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models f'or sites 3 and 5. Site 3 was int"lue need by a cold mountain 

stream, and site 5 was located in a wide backw'ash of an open ditch inun-

dated by cool~ underground seepage from old brira wells and a freshwater 

stre.m. Site 2 was located at an open ditch coorecting sites 3 and 1, 

which cootaired continuously flowing water and was cnly correlated with 

salinity (r2=0 .16}. At this site, the low variance explanatim (r2 ) and 

low r2 from the factor-factor regressicn (Table 17) suggest that other 

unexplaired parameters influe need changes :Ln size of the adult insect. 

Salinity, wba n pre.sett., significantly cont:ri buted to r-egressioos (Table 

18). Results implied that salinity contrituted to a:iuJ.t . .size. !..abora-

tory st•.Jlies are now recessary to prove this conclusively. 

To determire if the c. variJ..pennis populaticns could be taxon ani-

cally separated as species t even with this large a.mount of va!'iabil ity, 

l utilized l)'.)sterior- idert.ifica.ticn procedures between all sites and 

between tr..e pooled midge populaticn at Saltville and the eastern Virgi-

nia populaticn. Results for the fi!'St test showed that cnly at sl tes 2 

and 7 had over 70% of the midges been classified as ooming from their 

site of collecticn {Table 19). The diagonal m.mbers indicate positive 

idert.ifioa.ticn and the off-diagcnal nu:nbers represert. misidert.ificaticn. 

The second posterior idert.ificatim (Table 20) showed that 69% of the 

midges collected fro.m Saltville would nave been classified as coming 

from Saltville, and 00~ of those f'rom oostern Virginia would have been 

classified as coming from eastern Virginia (Table 20). A high amount of 

rni.5idertifica.tioo has been previously observed between C. viu•ifPennis 



Tabli~ 18. Stepwise regress1on of size factor I with maximum temperature (Tmax> • minimum 

temperature {Troin), salinity (SL} and rainfall (Rf) for Cz(tf,c~oide8 vaY'iir.>enn-Z:s. 

iitfl. 
1 

2 

3 

4 

r.· 
;.) 

6 

7 

par~r 

RF 
Tmax 

SL 

SL 

Tmin 

Tmax 
SL 

Tm in 
SL 

RF 
Tmax 

SL 

lmax 

F -----£. 

57.06*** 
5,20* 

43.59*** 

·14. 24*''"* 

134.17** 

10.45** 

180.22*** 

971. 51*k* 

204. 71*** 

16. 08*** 
389. 28*** 

65. 00*** 

15.79*** 

* p <O.Gl. ** p <0.001, *** p <0.0001. 

2 r 

.69 

.16 

.73 

.83 

.92 

8. ,, 
• L 

') ,-
• <-- :> 

Y = L41-0.39(RF)-0.41{SL}+0.04(Tmax) 

Y = 0.78-0.l(SL) 

Y • 4.6-0.09(Tmin> 

Y ~ -2.37+0.0B(Rf)-0.02(Tmax)+0.16(SL) 

Y = 2.24-0.12{Tmin)+0.22(Sl) 

Y = 6.67+0.22(RF)-O.D(Tmax)+0.27(SL) 

Y "' -6.W+0.08(Tmax) 

co 
N 
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poµ.ilaticns in a microspatial compariscn study ((Hemleigh & Atchley 

1977). They attributed misidentificaticn to large ntmbers collected and 

and closemss o.f sites which created stricter comparisicns. The high 

amount of misidentificaticn in this stud.y may have also been caused by 

closeness of site and. numbers collected 1 especially in Saltville. 

Morphological characters were highly dependert en temporal and 

spatial differences, and a large amoi.mt of' variance was explair:ed by the 

environmertal parameters. £• variipennia is considered the most stable 

suoopecie.s (Ross 1962), but even in eastern Virginia there were 

lntermediatea. The second posterior idert.ificatim suggests that Mayr's 

75% rule of subspecia.ti::::n may apply (Mayr 196 9). Eut, the high amount 

of morphometric va:riabil ity indicates that the presence of subspe•.:!ie3 in 

Virginia is unlikely. 

Tmrefore, I conclude that in Virgina 1 using the present taxon cmic 

method, f· variipennis should be considered a single species with con-

siderable ecotypic variability. This does net preclude the possibility 

that other taxoncmic tools could conf'im or deny this, but it emphasizes 

that the use of such tools as ctromoscme analysis and behavioral taxon-

omy should be employed to further examire this possibilty. 
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TABLE 19. Posterior probability matrix of Zfooides II .0 ;i' 

vaM.1'penn&s 
membership in each site, l9i9. 

Site l 2 3 4 5 6 7 

24 33 10 7 5 2 ~o 
; J 

2 ~ 3 1 0 12 

3 10 32 2 8 i=. 1? .... ... 
4 14 21 ~ 5 24 

5 10 6 8 n , .. _e " .... C. I 

6 10 5 16 13 

7 4 14 4 0 2 
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TABLE 20. Posterior probabii ity rr.atri x of wides va:l'iipennis 
in Saltville and eastern Virginia, 1979. 

Site Sa 1tvn le Eastern Virginia 

Sa 1tvil 1 e 69 31 

Eastern Virginia 20 80 



Chapter V 

SWARMING AND MAT ING BEHAVIOR OF CtLICOII:ES VAR!IPENNIS 

INTRODUCTION 

this Chapter describes the swarming behavior of g. variipent1is in 

Saltville, VA and relates the results to the functim of the swarm. 

Swarms of .f. variipennis have been observed in r.atJJre but not exam ired 

in detail (.Rowley 196 5, Dowres 1978). Dow:res ( 1978) has suggested that 

there may be differences in mating behavior between the western species 

(£. occidentalis) and the eastern species (£. variipennis) He suggested 

that the western "species" is a rarultative swarmer and the eastern 

»specias1t an obligate swarmer (based ·::in the successful laboratory colcn-

izaticn o.f' the western species rut not the eastern species). Jooes and 

Sctmidtmann ( 19SJ) have rece rt.ly colcnized the eastern species, but 

other behavioral evidence suggest that there may be other possible dif-

ferences in mating behavior (Do;.mes 1978, pars. obs.). !Mre:fo.re, a 

closer e.:mminaticn ct' the mating behavior c;Jf this species complex is 

needed. 

Culicoides variioennis (Wirth & Jcn~s 1957) from Saltville would be 

called f.· occidentalis by Dowras ( 1978). I will use the rame C. variio-

ennis in this secticn. Evidence related to the ';axon any ·:>f this complex 

is presented. 

86 
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MATERIALS !fil! !-ETHOts 

Swarms of f· va.ri!Qennis were observed in the brire fields of Salt-

ville, Va. during June 1 July and August 1900. The ponds in the brire 

fields range in salinity t'rom 0-33 parts per thousand and al 1 the ponds 

provide extensive breeding arms for this midge. Observaticns were mooe 

at dusk and dam. For comparative purposes the swarms were described in 

a format similar to that used by Reisen et al. { 1977) for mos qui toes. 

The criteria inclu:led: type of.' swarm, color preference, size. shape, 

time, fli.g,ti.t path, pairing, time in oooula, and parity. 

Females from the swarms '"ere aspirated by hand as they fel.l m a 

white sheet ( L 2 x 1. 2 m) pl aced directly do wm.i. nd of the swarm. Parity 

was determined using the tergi te method described by Potter and Akey 

(1978). Nulliparous females have three da-kerad lobes en the abdominal 

tergites (Figures 9 & 10). Ttese tergites m parous females are com-

pletely dal."'kerad. Age o:f pairing females was compared with that of 

females collected in Hew Jersey light traps (modit"ied with a ciroolar 

blacklignt} and a black cira.ilar stick'/ trap (30.5 cm, 8 cm dia). Both 

traps were placed i .8 m above the ground and located a:ijace ~ to the 

breeding site. 

Females that fell en the sheet lJ.! cgpula were divided into two 

groups. Ore group was immediately decoupledj the other group was 

allowed to complete copulaticn. After holding all females for 12 hrs 

they were then tested !'or the presence of' sperm. They were dissected in 

1.0 N salire and the sperm were staired using Noland's method tor cilia 

and flagella (Pantin 1959). 
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Figure 9 . Mating pair of Culicoides variipennis showing the tri-
lobed darkening of the female abdominal tergites 
indicative of t he nulliparous condition. Female on right. 
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Figure 10. Closeup of nulliparous C licoides variin ennis Tdth 
t rilobed abdominal tergi tes. 



Two swarm sites ;,.;ere visited on each of five nights and females 

were classified as£· occidentalis, f.. variipennis, or an intermediate 

using the c raracter of size and shape of the sensory pit en the third 

sef911ert. of the maxillary palp (Dowms 1978}. Sweepnets wet"e used to 

collect a:idi tiooal swarms for' species confirmatim and swarm sex ratio. 

Deso r!£ tion of swarms 

Lccation. Sixty-me $/arms were observed 1-540 m from the breeding 

;,it.es. Fifty-five were mostly "top swar:ns" as defined by ::4ielsen & 

Greve (19'30) and modified by Reisen et al. ( 1977L They formed over 

grass clt.mps 10 to SO cm high that contrasted with light ares of barren 

soil or roadways. Roadways in the are. were of dirt with grass median 

strips. Six swarms were nmarker swarms•• marker swarms are areas of 

more or less horlzontally contrasted light and dark patc!'Bs (Nielsen & 

Gn:! 11e 195 0) such as those swarming over roai edges and dark soil spots 

surrounded by vegetaticn. Defining the t:t-pe of marker was difficult and 

appeared to be more directly related to contrast rather than to any ver-

tical oompcne rt.. 

~ ereference. Dark substrate. was preferred; when a white sheet 

was placed over a natural :narker, the swarm moved to the upwind edge of 

the sheet, swarmi..11g over the light/dark interface. H.oweve.r, when a 
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black poster board was placed over the natural marker, the swarm would 

disperse and reform over the artificial marker. 

SiZe ~ ~· Swarm size ranged between 3 - 3000+ males. Swarms 

over small markers (12-25 cm diam) were compact and columnar. Swarms 

over large markers were less compact and closely resembled the .sbape of 

the marker. Distance between midges ranged from 2-10 cm, decreasing as 

numbers of midges increased. On certain oocasims when the swarms were 

large, they appeared f'unrel-shaped from a distance; at other times they 

would extend upwind and upward similar to that described for~ ~­

dontus Dyar (Downes 1958) • 

Height. The lower edge or. .. the swarm varied f'rom 30 cm to 1.8 m 

above the ground 1 changing as the midges reoriented over people or other 

objects placed over natural marker-s. Heights of the top of the swarm 

ranged from i.5-3 m. Above 3 ra it was hard to accurately see the 

swarms. 

Orientation. Males faced into the wind with antema.l setae erect. 

On calm nights when observers could nct. detect any wind, indiVidi.als 

oriert:ed as. if facing into the prevailing wind except en two occasims 

when tooy oriented in the opposi. te directioo • 

.!!!!· Swarms :formed 15-20 min before sunset and lasted up to cne 

hr. Occasicnally they oould be observed with a flashlight after twi-

light. Swarms were also observed at darn but were smaller (<SO males}. 

Flijh t oath. Typically, a zig~zag pattern was observed with a 

traverse of 5-15 cm. Figure-eight movemert:s were also observed, and 

some males flew at an upward angle toward the periphery of the swarm. 
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Pait"ira. Pai ring took place at the periphery of the swarm as the 

females approaci'Bd the swarm marker. ?airs fell to the ground and scat-

tered over a large aroo.. Tbe rn.mber of pairs falling to the ground 

could not be determi.red acrurately, out a conservative estimate from 

!!Marms ot greater than 500 males was cne pair every 10 sec. The maximun 

rate of pairing occurred from 15-25 min after swarm f'onnaticn, and pairs 

were net observed on the white sheet after> twilight. Pairs usually con-

m sted of a female and a male (Figure 9), but in 34 of 279 obServati<ns, 

a third individual (always male) was prese~ {Figure 11). At no time 

did both males appear to be copulating with the female. Ore was copu-

lating while the other held onto the female's abdomen with his claspers. 

Clasping by the second male usually stopped within 10-50 secs after 

f'alling to the ground; and second males did n ct attempt copulatim after 

the f'irs t male decoupled. 

~ in c92ula. Mated pairs t"ell to the ground and remaired 1!! 

c92ula from 30-120 secs (X ::: 110 s). On several occasicns, the female 

would pull the male behind her f'or a few seconds until she became quies-

oe nt. Male antennae were always erect while the male was in cgtula en 

t l".e ground. 

Parity. Over 500 females from mated pairs were examined for parity 

{see Figures 9 & 10) and showed a parous rate of less than 1. OS (Table 

21). In oodi tia1 1 14 gravid females were also observed J:E coou la •• · 

Ot.b.er '!,?eo ies. Frequently, Aedes sollic itans (Walker) males and 

females would exhibit swar-ming movemert.s within the sw.srm of f.· •1ariiE-
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Figure 11. Triad of one female (upper left and two male 
Culicoides variipennis. The upper right male in 
normal copulatory position and the lower male with 
claspers attached to the eighth abdominal segment 
of female. 
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TABLE 21. Relation between time in aopula and successful insemination 
in Culiaoid.es va:t'iipennis. 

Copu1ation Inseminated 

Forced 2 
decoupling * 
Natural 13 

Totai 15 

sianificant dependence on time 
(p ~<O. 01). 

Not inseminated Tota1 

19 21 

16 29 

35 50 

using Fisher's exact test 
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ennis. Also, male Chirononus attenuatus Walker s.;armed over the white 

sheet while observaticns en £• variiQennis were being made. On 20 July, 

500 m from the mare.st breeding site, two female Culicoide.s venustus 

Hoffman were collected when they fell out of a swarm of f· •1ariY?ennis. 

Males immediately decoupled and could net be collected for idert.ifica-

ticn to spedes. Males off· venustus were raver captured by sweepnet 

or collected from the white sheet. 

Fuoo ti on of ~ Swarm 

Although the functicn of t.he swarm in the Nematocer'a has been 

debated by several authors (Nielsen & Greve 195 O, Dowms 1958), swar-ms 

of Ollico:l.des are ger:erally considered to be assemblages that serve to 

assist mating. The present observatims support:. this h:YPothesis. Much 

of' the controversy over the f'uncticn ot the swarm in ~lematocera is 

related to the lack of observed mated pairs and the low female:n:iale sex 

ratio of swarms sampled by sweepnets. Recentlyt Cami.Dell and Kettle 

( 1979) collected swarms of Culicoides orevitarsis Kieffer in Australia 

using a sweepnet and observed a sex r-atio (fe:nale:male) of 1 :77. A lower 

sex ratio w-as obta.i:ood for f• vari;Eennis ( 1 :167) in 13 sweeps of' 11 

swarms {496 males and 3 females). However, observed mated pairs in 

swarms of 500+ suggested that a pairing ocrurried every 10-15 secs. 

These a.re more than e noogb. matings over a 30-60 min period to confirm. 

that the swarm is a mating assemblage (120-360 matings/ swarm). 
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The apparent discrepancy between sweepnet col lecticns and 

observaticn.s in f· variipennis can be explaired by examining two aspects 

of the tecmiques used. Fi.rst, if a sweep is ma::ie of a wh-0le swarm, 

very few females wil. l be collected. Since a mated pair was observed 

every 10-15 secs, a. single sweep only taking one second would net acOJ-

rately represent the number of matings. Second, mating occurs en the 

periphery of the swarmt which decree..ses the probability of female cap.. 

ture (or o bservaticn) 1 especially if' a vertical sweep of the swarm is 

ma:ie. The influence of method on estimates of frequency of females 

within the swarm has been recorded also by QUI"'aishi { i96 5) in Anooheles 

steohensi ~sorensis Sweet & Rao. He found by using swee~ts that cnly 

males were captured, but .females were observed to e rt. er swarms en ce 

every, 15-20 secs (N>500+ males). The truer-ate of ert.ry of' females 

into swarms or £. va~iipenni.s could have gone unnd;iced if cnly sweepnet 

captures were U5ed. 

The parous rate of lesa than 1.0% (N>500 females) for females cap-

tured in mated pairs suggested that it was primarily nul lipa.ro us females 

that were coupled. A comparisal in age was ma:i e amoog females collected 

by ligtit traps, sticky traps and swarm pairs to see if there were any 

older (parous) fem.ales in the are:i. Results showed significant diff'er-

enoes in parity from the three methods (Table 22). The paro us rates 

f'rom the swarm pairs were significantly lower than those from either the 

ligtlt trap or the sticky trap {P < 0.001). 
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TABLE 22. Comparison of percentages of parous females from swarm pairs) 
light traps, and sticky traps.* 

% parous (no. examined) 

Light trap Swarm pairs 

83 (58) 4 (24) 

63 ( 344) 0 (25} 

50 (210) Q (146) 

42 (69) 0 ( 30) 

i3 (345) 0 ( /"'\ ')' 'L. l 

*Differences in parity between svrnrm pairs vs. 
pairs vs. sticky traps were si gni ficantiy different 

Sticky traps 

39 (n\ '-...,) 

89 ( 10) 

25 ( 2 5) 

21 {42) 

25 (20) 

ight traps and swarm 
p <0.001). 
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Previous authors working with Nematocera {Roth 1948, QUl"'aishi 196 5, 

Andersm 1974) indicated that pairing can take place regardless of the 

gen ctrophic conditicn of the female. This would suggest indiscriminate 

mating. Others have observed that ma.ting takes place ooly once in young 

females (Andersen 1974). Inf· variipennis the bias towards nullipars 

suggests that mating takes place ooly in young females and is sufficier:t 

for the rertilizaticn of all futUl"e egg bate res. 

Swarming f'o:rmaticn ranges from obligate, fawltati'1e, to ncnexis-

tent (Downes 1969}. Too ugh £· varii2ennis will mate in the laboratory 

without swarming~ a f'arultative ranking can mly be truly resolved when 

cne observes grou.'1.d mating in nature without the presence of a swarm. 

Ground matings have net. been Clbserved in the field by previous investi-

gators nor were they observed in this study. f. vari;i.pi:mnis swarming 

behaVior is similar to that of Culicoides nubeculosus (Downes 1955). 

Both species couple in the air~ fall to the ground and remain lg C£eUla 

for up to two mL"l. This time in cooula oo. tr,e ground raises the questicn 

of its f'unctim. In Culicoides melleus (Coquillett)t a nmswarming spe-

cies, spermatophore formaticn and sperm trar43fer takes 1.5 min (Linley & 

Ad.ans 1972). The time sped:. ,!a cg?ula oo the ground by f· Yariipennis 

could also be to allow for spermatophore formatioo and sperm transfer. 

To ex:amire this possibility a compariscn wa.<J ma:::le between time in cooula 

and insemi."laticn rate. 

Twenty-me midge pairs were forced to decouple as sooo as they fell 

to the ground, and 29 pairs were allowed to M!l'lain in copula until 
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natural decoupling ocwrred and then were captured {Table 21). Results 

showed a significant dependence (? < O. 01) of successful insem :ina.t.icn oo 

time 1:Jl cg>ula • Only 9.5J of the nulliparous females forced to decou-

ple had sperm in their spermathecae, while 44.5% of the females ha::i 

sperm presert. in their spermatheca.e after natural decoupling. It ca.n 

therefore be concluded that the time spert. in cgpula en the g.""Ound by f.· 

variipennis prQmoted successt"ul inseminatioo. It is net known if the 

na.tinseminated females return to the swarm 1 but it would appe"'lr to be 

advantageous for the individuals to do so. 

Dissecticn of' all gravid and parous females collected either as 

sooo a.s they fell out of the swarm or after copulatioo r-evealed 100$ 

inseminaticn in these groups. 

The 44.5% in.semi.'laticn rate of natural decoupled females appeared 

low. It may have been ca.used by a combinaticn of male competi ticn for 

females and impotency of dominant males. Male impotency has been shown 

to increase with increased mating inf· :nelleus (Linley & Hinds 1974) 

and could be ocru.r!"ing here. Also, one cannot discount the possibility 

of mechanical isolaticn between undetected sympatr-ic species which use 

the same swarm site. 
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TABLE 23. Classification of female .f_. variipennis from mated pairs based on 

the size and shape of the sensory pit on the 3rd segment of the 

maxillary palp. 

Date 

July 7 

20 

21 

28 

Aug. 5 

Total 

C. occidentalis 

15 

1 

2 

39 

17 

74 

C. variipennis 

3 

1 

2 

2 

12 

20 

Intermediate 

3 

2 

0 

20 

3 

28 

Total 

21 

4 

4 

61 

32 

122 
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Taxonomic Character of ~"le Swarm 

Ore hundred tweity-two females from mated pairs were collected; 74 

were classified as£. occidenta.lis, 20 a.sf· variipennis 1 and 28 as 

inteMnediate (Table 23). The two swarm sites were oombired because no 

difference in site var-iabiity was observed. These results indicate that 

either the morphological char-act er relied upon by Dowres ( 1978) to sup-

port the bolo species hypothesis is too variable in this arei o rJ as sug-

gested by Ross {1962), _£. ~· austraUs is a mixed hybrid populaticn. 

!f the Saltville area is a zone of hybridizaticn t we would expect more 

intermediates and fewer of the other two forms or at least greater 

nkaleidoscopicn 'rariaticn. This did not occur in the Saltville a.re and 

though 1 t does not dispro w~ hybr'idizaticn, it does not support it. To 

examine further the variability of this S}:lecies; a large number or f. 
vari.tpennis larvae were collected arld reared from mud-manure samples 

from eastern Virginia in 1979. According to Wirth and J<nes (1957), 

they would have been expected to be f· ~· vari.tpennis andt theref'ore, 

would be classified 2e f· variipennis by Dowres ( 1978). Following 

Dowms classificatioo, the results were 45 _9. occ identalis, 2 5 .f· !.!!:!-
?:Pennis, and 45 intermediate, indicating that even in eastern il irginia a 

clear-rut species distinctiai wa:s impossible. Either the whole of Vir-

ginia is located in a zone of hybridizatim ort as seems much more 

likely, new taxonanic characters sre recessary to 1efire the taxa. 

So far, insufficient variatioo in swarming behavior has ooen 

observed in this area to suggest swarming behavior as an isolating 
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mechanism* Further field obse.rvaticns are recessary in ether areas to 

determire if differences in mating behavior do exist. 

SUMMARY 

Swarming of Culicoides variipennis frequently occurred up to 5l40 m 

from the nearest breeding site. Male behavior and matings we.re similar 

to £· nubeculosus. The swarms were confirmed as pa.iring sites with 

observed matings every 10-15 secs. This frequency occurred concurrer.tly 

with a sex ratio of 1 :67 • 

Exa.minaticn of the mated pairs showed that females were 99. 0$ m.u-
liparous, suggesting that they mate cnly when nulliparous. 

Further examinati01 of mated pairs :s:r.owed a dependence of suooess-

ful insemi..".laticn on time in ccoula. The time sper:t in c~ula en the 

ground by this species appears to promote an incrase in suooessful 

sperm transfer. 

The use of the size and shape of the third segmert; of the maxillary 

palp sensory pit in classifying females from coupled pairs as either C. 

va:riipennis or£• occ identalis was inadequate in V irgi.nia. Further 

observatioos on mating behavior of £. variipennis from other areas are 

necessary to determire if mating behavior can be an isolating mecr.anism 

in this species complex. 



Chapter V! 

DISPERSAL, GONOTOCIPHIC ACE AND PO?ULAT!ON !REN.ts CF ClLICOIIES 
VARI.IP ENNIS 

INTRODUCTION 

The nunerica.l abundance or the vector is an ether important factor 

to be considered once it has been demoostrated that an il".sect has an 

affinity for a particular oost. Two factors directly related to numeri-

cal a'bundance are goo ctrophic age and dispersal. The interrelatioo of 

these two factors helps pro vi de an e valuaticn of the epidemiological 

risk in a partirula:r ares. 

The purpose of' this chapter is to exam ire the dispersal or £. ~-
ioennfa in relaticn to ctemity, sex and gonocrophic age. The isolated 

pop.ilaticn of .f· vari:J.2ennis in Saltville pro•1ides anexcellert. opportu-

ni ty to study these relaticnships because immigraticn and em :igraticn is 

:n inimal. 

The brim fi eld3 within tbe town 1 imits of Saltville, VA at an ele-

vaticn of' 524 m consisted of approximately 32 hectares (Figure i2). 

Saltville lies in the Ridge and Valley Province of the Appalachian High-

103 
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lands. The Saltville Valley rises and narrows to the southwest and 

northwest le ving a triangular- sectioo of lowland bordered on the south-

ern edge by the Saltville Thrust and on the north by a railway bed and a 

series of hills. Much of the low marshy area has been filled to create 

the roads that now bisect the brim fields. 

Freshwater enters the basin from several springs and saltwater is 

produced from soil lEa ching during drainage. Old b:rire wells dot the 

fields. A series of ponds and pools exist within the brire fields and 

range in salinity from 0-33 parts per thousand. Salinity fiuctuates 

with rainf'all from sescn to sEasm. The brire fields drain into the 

North Fork of the Holston River. The prevailing winds are from the 

southwest. 

The geological Mississippi Maccrady formatioo is the major source 

of the fossif'erous dark gray muclc that surrounds the ponds (Ray et al. 

1967) and provides an excellert. larval habitat for immature C. variioen-

.ill:!!· Soil tests showed the following ranges in ponds and pools sainpled; 

pH 7.&-7.8 , Mg 82-199 ppm> K 28-64 ppm, Ca 1679+ ppm, P 1-13 ppm, m3 

52-437 ppm, and organic matter 2. 9-6.5'.l. 

Salt appears to have been deposited from mar ire sedimentary origin 

ranging in age from the Cambrian to the Mississipian (Ray et al. 1967). 

The area is a ,syncline of Calcareous stratificatioo (a cradle of lime-

stone layers in which rock salt has accumulated from the evapo ratic.n of 

saline brine). In tte 1700 • s me-third of the valley was a morass over-

lyj,ng brittle limestone (Lenn i933). Puring subsequent yea.rs the area 
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was ditched, filled and cattle were grazed in the fields. Between 1833 

and 1917 brire derricks became comm<.n {Ogle 1981). As the salt was 

removed the elevaticn dropped 5.2 m i."l 30 year's (C. Totten pers. comm.) 

and the marshes were recre ted. 

The sal. t marsh habitat has several plant and animal species have a 

disjunct distributioo. The flora has been described by Ogle ( 1981}, and 

five halophytes were presere with their ne rt closest habitat aloog the 

eastern coast of Virginia. The halophytes are ; Atry;>lex eatula J: .. 
(Orach), Eleooharis QaNula (R&S) Link ( Spikerush), Juncus gerardi Loi-

seleur (Blacl<grass), Salicornia eur92aea L. (Glasswort) and Scin?US 

robustus Pursh. (Bulrush). 

The unique fauna consists of several bird species which normally 

use the coastal flyway (Decker 1979) a$ well as three species of insects 

that are coastal in habit.at. They are: a mosquito, Aedes sollicita.ns 

{walk), a chiron anid midge and a ca.rabid beetle 8e!Ibidion constrictus 

Leconte. Two other in.sects freque rt; the inland sal tmarsh: the brire fly 

E;phydra packardi Wirth and Cu licoides va:riJ.;Eennis. 

MATERIALS M@ METHOI'S 

I primarily used Blacklight traps (BLT) and sticky traps to sample 

C .. vari:y;:ermis. In 1979, one light trap (Tot ten BLT) was placed 650 m 

from the nearest breeding site at a height of' 1.83 wand operated ;:nch 

night from 1000...oeoa hrs (FigUl"e 12). A second BLT was placed near 
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sticky trap D-5 and operated once a week. In 193:J, the second BLT was 

discontinued because mly 10 midges were collected in 10 trap nights. 

Two aiditiwal BLT's were placed 9 m (Marsh BLT) and 396 :n (Allism BLT) 

from the nearest breeding site (Figur'e 12) and operated the same way as 

the Totten BLT. Adults were classified to se.x, and females were further 

categorized as nul liparo us , e ogo rged , gravid o r pare us • 

In 1979 and 198), sticky traps were used similar to those described 

by Kettle (1951) for Culicoides iupuoo~atus Goet. Black cylinders 30.5 

cm high and 8 cm in diameter were placed at 0.61 m, 1.83 m and 3.(5 m 

and nailed to 3. 05 m high wooden poles (5.8x5.8cm) ( Figur'e 13). Black 

cylinders were used because this color appeared to be moot attractive to 

CUHcoides (Hill 1947}. All sticky traps ha:! a 30 cm lcng pipe(10mm 

dia.) attacred to the lower' eoo with 15 cm extending beyond the base. 

This extensicn was placed into a 20 cm lcng pipe { 15mm. dia.) which was 

flush with the ground. This constructicn provided easy removal and 

replacement of too poles. A 30 x 50 cm !"ectangular sheet of clear 

plastic film (6 mil) was attacrad to each black cylinder by a strip of 

1.5 cm masking tape. A thin even layer of Tack TrapR was applied to the 

plastic sheet with a 10 cm paint br1..l3h. The plastic sheets were removed 

once a week between 0730 and 1100 hz-s using a standa-d rug cut:. ter. Each 

sheet of plastic was covered with waxpaper a.'id stored in a cool dry 

room. Midges were identified to sex on the plastic sheet using a bino-

cular microscope (48x). During certain experiments females were re:noved 

from the pla::itic sheets <n the date of collecti<n by applying gasolire 
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to disol ve the the Tack Trap. Trey were sorted to gon ct.ro phic age (see 

below). 

Sticky traps were placed in six tr'ar.sects with 3-5 traps pet' tran-

sect (Figure 12). Transects were perpendicular to the prevailing winds 

which followed the curvature of the valley. Traps within tl"ansects were 

60 m apart except at the southeastern em of the valley which narrowed 

considerably. There sticky traps E-1, E-2 and E-3 were cnly 24 m apart. 

Sticky traps E-1; E-2 1 F-1 and F'-5 were not used until 19~. In 1900, 

at sites A-3, B-3, and C -2 ad di tiooal black cylinders were put at 

heights of' 4.27 m, 6.1 m and 15 m. This was done by coupling together 

three 3.1 m conduit pipes (60cm dia.}. The top em was then f'latterad 

for right angle atta.crmert, with a 1.5 m sectiai of conduit pipe {60om 

dia.) which was also flattered at ooe end. An eye bolt was attacred to 

the distal end of" the 1. 5 m pipe so a O. 64 cm rope could· be passed 

throug,.'l it and act as a µ.alley. The three additiooal sticky cylinders 

were attached to the rope by passing the rope through two holes {at the 

upper and lower ends) in the sticky cylinders. A.s the rope passed 

through the lower hole a knot was made to preve~ the cylinders t'rom 

slipping out of posi tioo. This extensicn was placed in a 1.5 m (79mm 

dia.) lcng pipe which extended O. 75 m above ground. It was also offset 

7.5 mfrom the 3.CE m sticky trap so that the eye bol.t and rope limd up 

with the centers of the three lower sticky cylinders {Figu. .. e 13). The 

ad di ticnal stick'/ cylinders were lowered by removal of the wooden p:lle 

and lowering of the rope. When the trap was in operatioo the rope was 
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attached to a wooden stake i::osi tic:ned at the base of the wooden }:Ole. 

Guide ropes were attacmd to eye bolts at the junctim of the second and 

third conduit pipes. 

Sticky traps were used for 17 weeks in 1979, starting on June 1 and 

eming oo September 28. In 19&;, they were used for 15 weeks starting 

on May 19 and ending on September 8. The extended stick'j traps were 

used in 1900 for 13 weeks, starting on June 3 and ending September 8. 

In July 198.1, I discovered that the goo ctrophic age of too females 

could be determir.ed if they were removed from the sticky cylinders 

within 24 hrs of collectic:n. The parous rates or the females collected 

on the sticky traps differed from the pa.rous rates of the females col-

lected in the Marsh BLT. Therefore, I set up a series of oompariscns to 

exam i.re these differences. 

1. Only sticky trap A-3 vs the Marsh BLT f'or thirteen 24 hr trap 

periods. 

2. Only sticky traps A-3 and D-5 at a height of i .83 m and the 3 

SLTs operated ootween 1&JO-OOOO hrs, six times. 

3. Only sticky tl"ap A-3 at 1. 83 m vs a sheep bait trap located 60 

m northeast of' the Marsh BLT ( 9 m from the raarest breeding 

site) 1 vs the Marsh :SL!. Traps. wer'e operated from cne bout' 

pre-sunset to cne hour post-sunset as well as cne hr p:re-sun-

!"ise to one hr post-sunset for seven trap periods. This 

experiment was similar to that described on page 16. 
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Figure 13. The sticky trap showing the extension added in 
1980 , Saltville, VA. 
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Only stick/ trap A-3 at i .83 m, vs a standard model A-1 D-Vac:, 

vs the Marsh BLT for three SS trap periods. The D-Vac was :run 

with the opening positicned at a height of 1.83 m parallel to 

the ground, in front. of the carrier. The D-V,ac was carried 

over a course almg the pond edge southwest of the Marsh BLT. 

Four 15 min periods were used: me starting at SS-30, sst 

SS+30 and SS+60. Sticky trap A-3 and the Marsh BLT were run 

during this same time period. 

5. A comparism between the Marsh BLT vs a similar New Jersy 

light trap equipped with a white cirru l ar fluorescent bulb 

(30.Scm dia.) rather than the cirrular hlacklight was run for 

seven nights. The whi telight trap was posi ticned 60 m south-

west of the blackl 1ght trap and 10 m from the .marsh edge at a 

height of 1.83 rn. When operated neither trap could be seen 

from the ether trap site because of a small woodlot. The 

traps were run t"rom 1000 - 0000 h.rs. 

Vegetaticn was cleared in a 2 m circle a.round each sticky trap and 

was rut weekly. The height of the surrounding '..egetaticn was ma1sured 

weekly at the four compass points and means calculated. 

Temperature and humidity were me sured using a Be ooix Model 594 

Hygro-thermograph placed in a standcrd wee. ther shelter 1. 37 m above the 

ground. Rainfall was collected in a standard rain gauge. 
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Canpariscns between midges collected from sticky traps at differert. 

mights were done using a?"csir.e transfonnaticn of the pro po rticn col-

lected at each height. Differences in means were tested using Duncans 

Multiple Range Test. 

Horizontal DiSQersal 

The nunber of Culicoides variiQenni.s collected from sticky traps 

decreased as the distance from the marest breeding site incresed (Fig-

ure 14). Both sexes were collected on the farthest sticky trap (0. 8:;t 

Km) from the r.earest Ol"eeding site. In 1979 and in 1980, the largest 

nunber of females was collected on sticky trap A·3. Males were more 

abundant <n sticky trap A-3 in 1979 and on sticky trap B-3 in 1900 

(Tables 24 & 25). The lowest m.mber of' both sexes was collected on 

sticky trap F-2 in 1979 and E:-2 in 19SJ. 

Predictable nun.hers of aiults were collected from most sticky traps 

if I assumed that nmbers decreased with distance. However, sticky trap 

B-1 collected a smaller n1Jll'lber of midges than some stick'J traps located 

at an equal distance or further from the breeding sites (i .e B-4, B-5, 

C-2, C~, D-1 (Tables 24 & 25)). In 1979, sticky trap C-1 collected 

fewer female midges than any other trap in C-transect as well as traps 

D-1 1 D-2, 0-4, E-4 1 E-5 and F-4 (Table 24). But, in l98:lt stick:'j trap 

C-1 collected more female midges than any other trap in C -transect as 

well as sticky traps 3-i, B-5 and those merticned above (Table 25). 
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Sticky trap E-5 also collected more f'emale midges than traps in the same 

transect, as well. as sane of the traps closer to the breeding grounds 

(Tables 24 & 25) • 

Vegetative growth around the sticky traps fluctuated in height from 

5 cm to 15 ra as the seascnal species composi tiai changed. This did n ~ 

appear to alter the runber of midges collected (ANO/A p<O.Q)).' 

The nmber of midges collected and distance from the marest breed-

ing site were converted to Log N+1 in order to examine the slopes of the' 

regressiai models. Slopes differed between 1979 and 1900 for bOth sexes 

and between sexes in 1900 {Table 26). 

Vertical Dispersal 

Results ot the vertical dispersal st my for the sticky traps placed 

at heights of o. 61, 1 .83 and 3. 05 m are presented in Tables 24 & 25. 

Most midges were collected either at a height of t .83 m. or 3. Q) m. Sane 

traps collected more at 1.83 m than at 3.05 m the first year and more at 

3. 05 11 than at 1.83 11 the second year (e.g. B-5) • Also, mean catcms 

between 1.83 m and 3. 05 m were sanetimes significantly different cne 

year and n~ the raxt Ce .g B-3). For most traps the height of' fiigttt 

was shown to be dependent en site and date (ANOIA p(O.Q)). Also, change 

in the height of the vegetaticn did n~ influence height of midge col-

lectiai (ANOI A p <0· 05). At three sites the female catch was greater at 

0.61 m. They were from sticky trap site E-5 in both years, site c-1 in 



Table 24. Mean nunller of Cullcoldes vartlpermls collected frOlll sticky traps at different beiqhts 
in 1919, sauv1ffi:-vu··--·-· -· 

• ·-~->------~-M---" • ---·---.-
' I Site tlt(111 ) Felllille Hale l Sfte tlt(tr1 ) Feaiale Hale I Site Ht(11 ) female Hale 

' ! i 
~------~--·---~----------------.-----------~---~-------~-------~----i-·---~~----~----~--------------

b a : b· a I a b A-1 o.61 20 18 , c-1 o.fit o.5 0.2 • E-l o.61 o.J 0.1 
(28),.. 1.83 391 21 1 ! (391) 1.a1 1 b o.5a i (752) 1.83 0.6a o.1b 

3.05 4ol zoa : 3.05 3 a l a : 3.05 O.la 0.5a 
-----------~--------------------~~----------~-----------------------t---------~--------------------

A-2 0.61 4 b 4 1 I C-2 0.61 lb 0.6a l E-4 0.61 lb 1 b 
(32) 1.83 291 27b ! (:l68) 1.83 ,a 6 b '1' (761) l.83 4a 2 ba 

1.05 2811 2oc : 3.05 11 J c , 3.05 41 o.8 
--------------------------------~----------·------------------------·-----------------~------------A-3 0.6t 58b 37a : C-3 0.61 o. 3a o.ob ! E-5 o. 61 11 a 0.28 
(2) 1.83 84: 431 ! (383) 1.83 z b 1 11 : (767) 1.8J 5 : 0.21 

3.05 62 a 348 l 3.05 4 c 0.7a I l.05 2 0.1 11 

----------------·------·---~---,·~---------------------~-------------·---------------------------~--
A-4 o.61 9 4 9 a I t-4 o.61 3 b 0.8b ! F-2 o. 61 0.21 o.o1 
(30) 1.83 41b 35b ! (J91) J.83 ll 11 2 ba l (895) J.8J o.2a 0.11 

J.05 30C J6C I 3.05 151 2 a l J.05 0.211 0.01 
-----------------------------~--··-----------------------------------·--------~-----~---------------A-5 o.61 264 261 ! c-5 o.61 11 o.rb ! F-J o.61 o.4b o.5a 
(98) 1.8J 11ba 21b I (391) 1.03 2• o.5ba 1 (895) 1.01 2 b 2 a 

J.05 18 11' I J.05 28 l a : 3."5 2 a J a 
------~---M---------------------t----~------------------------------·------------~-----------------
6-1 0.61 lb o.86 I 0-1 o.61 5 b 3'1 l F-4 0.61 1b o.ea 
(131) 1.83 41 l b j (463) J.83 12a 76 I (895} 1.83 3ba I a 

J.05 58 5 c I J.05 9 8 4a : 3.05 3!1 0.84 

----------~----------------·~----~--~-------------------------------~·----~---~------~--------~-~--~ 
8-2 0.61 4 b 4 b ! 0-Z 0.61 0.5b O.Ja ! 
(71) 1.83 28a 251 I (492) 1.83 2 ba 1 a I 

3.05 28a 208 j J.05 4 a 2 a : 
---------------~----------------~--------------------~--------------· 
8-l 0.6J 7 a 5 b ! 0-J 0.61 0.46 o.2a ! 
(10) 1.83 35b 251 l (523) 1.83 o. 78 0.9a : 

3.05 52c 291 I 3.05 2 • 1 a : 
-~----------·-------------------·-----------~------------~----------~ 
ll-4 o.61 1oa 10• i D-4 o.61 zb 21 ! 
tso) 1.83 J9b 41b I (543) t.01 98 J8 l 

J.05 26c ta' I J.05 a• za I 
------·-~--------------·--------·~--------~--------------------~-----4 
8-5 0.61 
(111) 1.83 

3 .. 05 

2 a 
10b 
28c 

la 
5b 
9C 

• b b • 
: o-5 a.51 0.2 o.ob : 
: (553) l.83 2 a 0.8 a : 
I l.05 2 a l a : 

"WHhl11 a site, numbers with different letters are sl9111ficantly different fron1 each otber 
(Duncans 111Ultiple nnge test p<o. 05). 

"*distance frOlll breeding site in 111eters. 

..... ..... 
V1 



Tabla 25. Mean ntM>er of ~\!Hco1des l'.!!.li2!!!!!!!.i collected from sticky tntps at different heights 
tn 1980. Sdtvl le, Vl:-C 

-·--·---;--------------·--"-_,..._, ______ l_ ... _, _____ ~ 
Sl~e Kt(111 ), feMale Male i Stte Ht(111 ) female Male I Site Ht(m ) female 

I l • • 
Male 

-~-~-~--~---·-·---~----·--------~-~--------·-~--------~-----··----L------·--·~-------------~~-···-1 • 
I f 

A-1 f).61 41b 49• I C-1 0,61 48a 0.7a ! E-1 0.61 7 : 2:a 
1.83 8la 48: 1 1.83 26: 1 a 't os2r I.Bl 131 311 . J.05 70a 21 1 J.05 13 o.81 , 1.05 u 1 

-----~-------~---------M--------.~--------~--·------~-~--~--~----~i-----------~~-----------------~-
A-2 0.61 6 b 1 : j C-2 0,61 6 : Jb ! E-2 0.61 0.2: 0.1:. 

1.83 46 1 45 I 1.83 22 8 1 : (752) 1.83 o.6 o.o 
3.05 44a l9c I 3.05 z9c 9 1 I J.05 I a 0.2• 

--------------------------------·---------------------------------~--------------------------------· 
A-3 o.61 129b st b I c-J o.61 o.6b 0.1: j E-l o.61 o.9: 0.1• 

l.83 213b1 101b8 I l.83 3 0.5 I 1.8l 2 0.4 8 
3.05 118 70 I 3.05 6 c 2 a 1 3.05 4 a 0.3 8 

---------~------~---------------.~~-------------------------------~------·--------~------------~--·· 
A-4 o.61 11ba 14ba 11 c-4 0.61 4 : 1• 11 E-4 o.6f J b 1 • 

1.83 86 84 1.8l IJ 2a , J.83 g 2 a 
J.05 46c 31c ! 3.05 16c la l 3.05 He 0.9 11 

--------------------------------t---------------------------------4--------------------------------
A-5 0.61 31b 44b I C-5 0.61 1a o.3b ! E-5 0.61 37b o.6• 

1.83 Db 67 : 1.83 2 1 1 a : 1.83 11 c o.4: 
3.05 37 21c : 3.05 la l 1 I l.llS 8 0.7 

-----------------------------·-·t·--------------------------------~--------------------------------
8-1 o.61 0.9 8b o.9b I 0-1 o.61 9 b 6 b 11' F-1 o.6t 4 : 2~ 

l. 83 4 3 a I I . 83 17 a 11 • 1 ( 895) 1. 83 1 J 
J.05 1 c 6 • l 3.os 16 8 10• I l.'>5 12• s• 

~-----------------------~-------·t--·-------~---------~----·-------~----~-------------------------~-
8-2 O. 61 IOb IOb j D-2 O. 61 I: 1 b" i F-2 0.61 1: 0.6 ~ 

1.83 74 60 1 1.83 3 3 8 j' 1.83 1 o.8 
. 3.05 eec J6C I J.05 7 8 4 8 3.05 2 11 ' II 
-----·--~-------~----·~----~-----i----·-------~--------------~-~-~-~--------------------------------
8-3 0.61 31 b 40 ab j D-l 0.6l 0.9bb I b i F-3 0.61 1 b 0.9: 

1.83 1ua 146 I 1.e1 2 2• t t.83 4 8 3 
J.05 164 8 1oac I 3.05 4 a 3 8 I 3.Q5 4 8 2 b 

------·-~---------------~-------~-----------------~---------------4-----~-~------M----------~------
8-4 0.61 20• z4b ! D-4 o.61 6 a 6 b ! f-4 o.61 2b 1 b 

l.83 65 b 60 1 l l.83 21 b 14 a I 1.83 4 a J a 
3.05 49c 26b I 3.05 12t 6 b l l.05 6 1 2ha 

-----~----------~---------------~----------~--------------~-------~-~------~-----------------------
8-5 0.61 8 •b 1zb I o-5 o.u 1 b 2• ! r-5 0.61 · 1 11 o.a 11 

1.83 23 24 8 I J.8J 5 11 6 11 : (895) 1.8l 2 8 l 11 
3.05 36 c 25 a f l.05 5 1 4 • I l.05 2 a 1 a 

*within a stte different letters are stgnifluntly different fr11111 each other (Duncans multiple 
range test p<0.05). 

**dhtance fro111 nearest. breeding site san1e as Table 24. 

...... ,.... 
0\ 



117 

TABLE 26. Log number x log distance regression models for CuUcoidJJs 
va:riipennis collected on sticky traps at Saltville, VA. * 

Year Sex r2 Model 

1979 Female .48 Y= 2.308 - 0.579xa 
Male .46 Y= 2. 149 - O. 584xa 

1980 Female .55 Y= 2.734 - 0.627xg 
Male .62 Y= 2.804 - 0.735x 

abc models with different letters are significantly different 
(t-test p <0.01). 

*All F-tests, p <0.001. 
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1900 and site A-3 during. the last 3 we!'!k.<s of 1900. In 1979 and during 

the first 12 weeks of 198:> site A-3 oollected 25$ of its total catch of 

t"emales at o. 61 m. Then during the last three weeks of 1900, 47$ of the 

total females collected were collected. !"rom the trap at a. 61 m. The 

number of males collected also incrssed to 45S of the total catch at 

0.61 m at site A-3 during the la.st three weeks of 1900. Previously to 

this time 30% of all males were collected at 0.61 m. 

A closer examinatim ot the nw.1ber of adults collected at differert:. 

heig,hts was done using the extended sticky traps at sites A-3, B-3 and 

C--2 (Figure 15 &: Table 27). The number of midges collected at differer£ 

heights depended on trap locaticn. The extended stick'f t.ra.p at site A-3 

collected. the most females at all heights and the extended trap at site 

C-2 the least. More males were found on the extended sticky trap at 

site B-3 from all heights, except 0.61 m. The extended sticky trap at 

site A-3 collected the most females at 0.61 m. The extended sticky trap 

at site C-2 also ha:i the least m.anber of males. The mean nu:nber or 
females collected from the extended stick'/ trap at site A-3, which was 

located next to the breeding site, was significantly ~e ter on the 

sticky cylinder at a height of 1.83 m, followed oy those at 0.61 and 3.0 

m. The mens for females collected at 0.61 and 3.05 m were not signifi-

cantly different, then there was a decrease in numbers with height. 

Males showed similar results except significantly more were collected at 

O. 61 m than at 3. a; m. 
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Table 27. Mean number and(percent of total population)of Cul_ic_oii!~~-l@!'ij_pe_nnis collected from 
the extended sticky traps at different heights Tfft)in 1980, Saltville, VA'! 

_,,. _ _,,,_~_,, __ ., __ •~•·----·"•-~~·~-·----.,._,..._, ___ ,_..,, . .,..~---c.•---~·-----·-•-""__. __ . ~----~·-,.··~--..-..-.-~---·-•··-~-·~ --~-·---------··-

I!2E .. !!1(~.} 

Q_6} 
l.83 
3.05 
4.27 
6. rn 
9."15 

Site A-3 
~r~·---- Male 

137b(21? 84°(24) 
223a(35 99a(2a) 
121b(19) 69C(20} 
84 ~(13) 53d~l5) 
50 ( 8) 29e 8) 
29 d(5) 19e ( 5) 

Site B-3 Site C-3 
FernaTe·----· Male ~~ale Male 
--·~,,~-·~---

40 d~6) 44 e~g) 7 d(6) 3C(8) 
l66a 25) 150~ 31} 22b(l8) 8a(22) 
170~(26) 112 {23) 29a{24) 9a(25) 
142 .(22~ 86 d( 18) 28a{23) J1l(19~ 
91 ':Cl4. 56 (12) 2}(19) 5C(l4 
45 d( 7) 33 e( 7) 14C(11) 4C(11) 

*within a site, nun~Jers with different letters are siqnificantly dHferent from each other 
( Ouncar1s multi p 1 e range test p< O. 05) . 

~ 
N 
0 
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Results between heights were slightly differed; at site B-3 which 

was located 9 m from the marest breeding site. More females were col-

lected at 3. 05 m than at 1.83 m, but the means were not significantly 

dift'ereri;. Midges collected decreased at higher heights, but the means 

were significantly differer£ from ea.oh other. Means were significantly 

differer£ between heights o.61 and 9.15 m. Males were collected in sig-

nificantly higher m.nbers at 1.83 m. They also decreased with height. 

and the means were all significantly differed; from ea.ch other except at 

0.61 and 9.15 m. 

The extended sticky trap at site C-2, which was located 366 m from 

the marest breeding site, collected more females at 3. 05 m than at 1.83 

m and the means were significantly differed;. But, at this site there 

was no significant difference in means between 3.05 m and 4.27 m. The 

runber or females collected then decreased with trap height. Males were 

collected in low m.mbers at this trap site, with no significant differ-

ence between means at O. 61, 1. 83 and 4.27 at. The runber of males also 

appeared to decrease with trap height. 

Blaokl.ight Traps (BLT) 

Due to the mechanical failure of sane of the light traps I could 

only compare 39 trap nights. If either the Marsh or Totten BLT began to 

malt'unotia:i, I moved the Allisa:i BLT to either of the other sites until 

the malfunotiai was repaired. Nightly totals and gon ctro phio age of 
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catches are listed in Appendix C. Table 28 shows the sssaial totals 

and parous rates for the three blacklight traps. No e rgorged females 

were collected, and gravid and parous females decrssed in nt11ber as the 

distanoe from the nearest breeding site incrssed. The Marsh BLT col-. 

lected the largest nt11ber of adults or all gai~rophic ages and the Tot-

ten BLT collected slightly higher m.mbers or gravid and parous females 

compared t:o the Alliscn BLT. The Allisai BLT collected more ri.U.liparous 

females than the Totten BLT. 

The differences in nulliparous and parous females were reflected in 

a comparisai or parous rates from females collected from these traps. 

Parous rates were significantly differed; between each trap and 

decrssed as the distance t'rora the marsh incrssed (Table 28). Parous 

rates. of females collected at the Totten site ranged from 50-10()J in 

1979 and frora 32-82j in 198:>. At the Marsh site, the parous rates 

ranged from 49-91J and the weekly msn parous rates for females. col-

lected at the Marsh site were always higher than those for the Totten 

site (parous rates were calculated from AppendixD). Th:>ugh there were 

ti.Jiies on a daily basis, when the Totten BLT collectiais, as well as as 

the Allisai BLT collecticns, resulted in higher paro us rates when com-

pared t:o the Mars·b BLT collecticns (parous rates were calculated from 

Appendix C). Weekly totals and total females for e:ich gai~rophic age 

for the Totten BLT C 1979 & 198:>) and the Marsh BLT ( 198:>) are listed in 

Appendix o. No relatiaiship was observed between peak nmbers collected 

and decreases in paro us rates. 
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TABLE 28. Number of fema 1e CuZiaoides var"~ivennis of different gono-
trophic ages co11ected in the three b1ack1ight traps (BLT) 
in 1980, Sa.ltvi11e, VA. 

Gonotroohi c aoe 
Of BLT Null i parous Parous Gravid !9 Parous 

Ma:rsh 2464 4663 19' 108 

Totten 466 473 227 

/.\11ison 1082 453 21a '-' 

* Parous rates are si gni flcantly different at each trao 
{chi sq. p<0.05). 

64 

51 

36 

* 
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COK'ARlSON BETWEEN STICKY TRAPS 7• BLACKLIGHT TRAPS, ANIMAL!!_!!™ 
!fil? ! D-VAC SAMPLER 

I showed previously that the pan> us rates ot females collected at 

sticky trap site A-3 and the Marsh BLT site were differe~ (see Table 

22). So, in order to properly interpret the results of the blaoklight 

trap study and the sticky trap stmy, I examined the possible bias :i.n 

proporti<n d nulliparous and parous females collected by the two traP-

ping methods. Table 29 shows the results of 13 comparisai dates between 

sticky trap A-3 and the Marsh BLT. On 11 or the 13 dates the Marsh BLT 

collected a significantly higher proportim d parous females. This 

agreed with the results shown in Table 24. Table 30 stx>ws the perced; 

parous and total n1.111bers collected for six dates that could be compared 

between sticlcf trap sites A-3. and D-3, and th8 three blacklight traps 

during J.ulY and August. Results showed there was no significant differ-

ence in parous rates between sticlcf traps, the Totten BLT and the Alli-

sai BLT. However, the Marsh BLT collected a significantly higher propoP. 

ti<Jl d parous females than any or the other traps. These comparisais 

suggested that the Marsh BLT may here be bias, either attracting more 

parous females or not attracting (or repelling) nulliparous females. 

Since it was shown in the Culicoides survey that there was no sig-

nificant difference between the parous rates of .Q. variipermis collected 

from the bait animals and those from the blacklight trap on the coastal 

plain (page· 70), I decided that perhaps a comparism between the Marsh 

BLT and a bait animal (sheep) would help explain the difference in 



TABLE 29. Comparison of the percent parous and (numbers co11ected) cf 
Culiooid£,3 '.Jal:'iiven:n'is from sticky trao A-3 and the marsh 
b1ack1 ight trap 'in 1980, Saltville, VA'. 

Date Marsh blacklight trap Stick.);'. trae A-3 

July 7 83 (58) 39 (23) 
14 50 (246) 8 ( 37) 
16 38 (334) 23 (40) 
21 53 (280) 20 (25) 
22 59 ( 312) 17 (18) 
23* 63 ( 344) 90 ( 10) 
24 58 (60) 40 (10) 
28 50 ( 210) 24 (25) 

Aug. 5 42 (l 84) 21 (42) 
10 59 (220) a (48) 
1 , 

i I 8 (463) 25 (20) 
18 52 (210) 15 (13) ' * 19 48 ( 141 ) 50 (4) 

Tota1 46 {3134) 23 (315) 

* dates when parous rates are not significant1y ~igher in the marsh 
b1ack1ight trap (chi sq. p >0.05). 
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TABLE 30. Comparison of the percent parous and (number collected) of 
Culicoides variipennis from sticky trap A-3, sticky trap D-3 
and the three blacklight traps in 1980, Sal t ville, VA. 

Sticky trap Blacklioht trao 

A-3 0-3 Marsh Totten Allison --
28 (128)a 22 (32)a 53 (1558)b 26 (137)a 22 (268)a 

ab parous rates with diffe rent letters are significantl y different 
(chi sq. p <0 .01). 
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parous rates between the above trapping methods. The results for> seven 

trap times, during the first two wee~ of Septembe:-, showed that the 

parous rates for midges collected from the bait animal and from the 

sticky trap were similar, but :para us rates wel'e significantly different 

between these two traps and the Marsh BLT (Table 31). In ad di tia:i no 

gravid females were collected from the bait animal. Ten males were col-

lected from the host animal. This differed from the results of the midge 

survey (page 61), where cnly one male was collected with 2143 f'anales. 

The D-Vac is considered to be i.mbiased sampling method !'or' collect-

ing midges that are in flight (Tanner & Turner 1975). The D-Vac was 

therefore used as an ad.di ticnal method f'or compariscn with results 

obtaimd from stick'f trap A-3 and the Marsh BLT. The comparisicn was 

done three times duri.ng tl':e first week of September. The parous rate of 

midges collected in the D-1/ac and on the sticky trap were nc£ signH'i-

cantly different, but the Marsh BLT collected a significantly higher 

proporticn of parous females (Table 32). In additicn there were differ-

ences in the pro po rticnate number of gravid females collected. The 

sticky trap collected 2% gravid.s, the BLT 50% and the D-Vac 22%. !'he 

percent gravid females collected from the sticky trap and the Marsh BLT 

in the other experiments was similar to this compariscn. 

These comparisoos further suggested that the Marsh BLT was biased 

toward parous females. To exam ire whether it. was r-elated to blaoklight I 

made a compariscn between the blackl ight trap and a whi tel ight trap bet-

ween September 10-16. Tte number of midges collected in the blacklight 

trap was higher, but there was no difference in parous rates (Table 33). 
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TABLE 31. Comparison of the percent parous and (number collected) of 
CuZicoid.es variipen.nis from the bait animal, marsh b1ack-
light trap and sticky trap A-3 in 1980, Saltville, VA. 

Bait tl"ap Marsh blacklight trap Sticky trap A-3 

85 (197) b 25 (100)a 

ab parous rates with different letters are significantly different 
{chi sq. p <0.001). 

I 
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TABLE 32. Comparison of the percent parous and (number co11ected) of 
CuU,ooides va:riipennis from the D-1/ac, marsh black1ight trap 
and sticky trap A-3 in 1980, Saltvi11e, VA. 

D-Vac 

a 
22 ( 89) 

Marsh blackliaht trap St i cl<y trap A- 3 

ab parous rates with different 1 etters are significant 1y different 
(chi sq. p <0.001). 
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TABLE 33. Comparison of the percent parous and (number collected) of 
CuZiaoides variioennie from the marsh black1ioht trap and 
the whitelight trap in 1980~ Saltville, VA. -

Marsh blacklight trap White1iqht traQ 

81 ( 1042) 80 (594) 
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SEASONAL POPULATION ~ 

Based on adults collected in 1979, sticky trap A-3 showed t:r.ree 

major pop.ilaticn pea.ks, sticky trap A-5 showed three pea.ks and the Tot-

ten BLT showed two major peaks (Figure l6). No observable differences 

were seen in seasooal pop..1latioo trends between the two sticky traps. 

Pop..1latioo trends showed by the Totten BLT were similar to the sticky 

traps at the beginning of the trapping period, but the number of midges 

collected in the Totten BLT by the end of the seascn was too low for 

valid comparisoos. 

In 1900 , Stick'/ trap A-3 showed four to five major poµ.ilatioo 

peaks of' midges, sticky trap A-5 1 four pea ks, the Tot ten BLT, four peaks 

and the Marsh BLT, four pea.ks (Figure 17). Midges collected on the 

sticky traps did n oc incre:se or decrease coo o .. u•re~ly in 19&:! as in 

1979 until the first week of July. ?op.ilatim trends for midges col-

lected on s ttcky traps B-3, C ~ and E-5 were comi:;e.~ed with A-3 and A-5 

and fluctw.ted conrurre~ly with stick'J trap A-5. Also, populatioo 

peaks varied between BL.Ts in 1980. 

DISCWS ION --
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Hori.Zontal Dispersal 

The dispersal curves for£• vari.Y,ennis in this study were similar 

to dispersal rurves for other Culicoides rep.:; rted by Wolfenbarger 

( 1959). The maximum distance of dispersal recorded f'or this species was 

14.0 Km for the females and 000 m for males (Lillie 1978). Other Culi-

coides species have been shown to travel greater than 8 Km {Jomscn 

1969} and it has been suggested that they can travel up to 50 Km when 

aided oy the wind (Sellers et al. 1978). In this study, f.· variipennis 

dispersed at least O. 8:) Km. There appears to be a vertical pltme of 

dispersal away from the breeding site which would contribute to the air-

borne spread of this species oy the wind (diswssed under Vertical Dis-

persal). 

There is a positive correla.tim between insect density at a source 

and the number' collected at greater distances (Taylor 1973, Taylor et 

al. 1978, Wolfenbarger et al. 1974). This also appeared to be the case 

for£.· vari!Pennis. In this stuiy, weekly catctes of midges co sticky 

traps increased conrurrert.ly. If wore individuals dispersed farther 

when nllDbers were greater at the source then the regressic:n models f'or 

1900 should have x-intercepts {log-distance) greater than those for 

1979. This ocwrred for both females and males. The x-intercepts for 

females and males in 1979 were 3. 99 and 3.67, respectively. In 1900, 

the x-intercepts increased to 4. 36 for females and 3. 81 for the males. 

The increase in the x ... intercept when numbers caught at the breed.ing site 

increase indicates that there was a positive correlatim between insect 
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density at the source and the ruaber or individuals round farther away 

from the source • 

TlB steepness ot: a slope may be affected by weather conditicns that. 

inhibit movemem, thereby concemrating the midges mar the breeding 

site. It was gemrally hotter and dryer in 198> than in 1979. This 

could have restricted movemem dW"'ing 198>. and created steeper slopes, 

especially f'or males, which cb n¢ have as great a ter:dency to overC!Ollle 

harsh ocndi ticns as cb oost-seeking females. This also could be the 

reasai why the slopes between sexes were sigpificantly diff'erem in 

198>. Since the steepness of slope is also affected by tJ:le l'Ullber of 

midges at a soW"'ce and the changes in aggregaticn that ocrur with chang-

ing densities, it would be mcessary to exami.re aggregaticn in relaticn-

. ship to demi ty in order to explain the differences in slope more fully. 

There appears to be a relaticnship between catch and site or host 

presence for the three sticky traps that did n ¢ follow the expected 

decrease with di.stance relaticnship. For example, sticky trap B-1 was 

located 130 m from the marest breeding site (Figure 12), alcng a narrow 

dirt roadway having 10 m hedgerows en each side. Fewer midges were eol-

lected at this s1 te than at many traps located> 300 m f'rom the breeding 

site (Tables 24 & 25). This may have been due to the hedgerows, toougb 

overall vegetaticn up to 1.5· m did n¢ affect catch. Sticky_ trap c-1 

collected lower nunbers in 1979 when compared to traps at similar dis-

tanoes. a.it, in 198>, the arm around sticky trap C-1 was f'requel'Eed by 

cattle and the rmber of females eollected was higher when eompared to 
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other traps at similar distances from the breeding site. Cattle were 

also preses during the es ire study at sticky trap site E-5, and the 

larger maber of females collected there appeared due to host presenoe. 

The presence of a host in the vicinity of a sticky trap has been show 

to affect the distributicnal pattern of male and fsale Q. inpunctatus 

(Kettle 1960). Male and fsale Q• inpunctatus increased at sites where 

hosts were preses. At. sticky traps C-1 and E-5 only !sales increased 

in nuabers. The lack of an observed increase in male Q• variipennis at 

sites C-1 and E-5 may have been due to my inability to detect dif'fer-

enoes in midges nl.lllbers. Low nl.lllbers were collected at these sites 

C Tables 24 & 25). 

Vertieal Dispersal 

Culicoides variipennis when not influenced by host presence, was 

collected most cn sticky traps at 1.83 m and 3. a; m. This is in agree-

mes With the sticky trap study by Kettle (1951). Reuben ( 1963) used 

suaticn traps to stlliy Q. inpunctatus. He found no difference in num-

bers collected at 0.91 m and 1.83 m but found a sharp decrsse at 0.15 

m. He combined his work with Kettie and suggested that between O. 91 m 

and ·3· a; m f.· inpunc tatus was more or less evenly distributed. Davies 

( 1965) used wind traps to study the biting midge Leptocong>s bequareti 

Kieffer. He found that more midges were preserr. at 0.91 m. Results for 

f.vari;i.pennis were similar to £· inpurx?tatus, but since sticky cylinders 
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were not placed below 0.61 m or between 0.61 m and 1.83 mt I could n<X'. 

determine at which height, if any, a distinct decrease in catch would 

occur. 

Tha populaticn demi ty at various heights is depended; <n the 

density of the terrestrial populaticn, the proporticn taking flight and 

tha ·behavior of the insect; inclooing time of flight related to boundary 

layer effects and host-seeking (Jomscn 1969, Taylor 1974). Results 

from this stooy add the factor of distance from its breeding source. 

The farthar a trap was ·1ocated from the breeding site, the greater the 

proporticn of' .£• variipennis collected at increasing heights (Figure 15 

& Table 27). Twenty-six-perced; of' the total midges collected at site 

A-3 were collected above 3.03 m, !OJ at site B-3 and 52% at site C-2. 

Vertical dispersicn away from a source was n<X'. shown in either s twy on 

£~ ig>unctatus (Kettle 1951 ,. Reuben 1963). This may have been due to 

the lack of traps. above 3. 03 m. Also, Davies ( 196 5} found 991. of the 

totai catch or k· beguareti to be below 3. 05 m, but no informaticn is 

available on his placemed; or tra.ps relative to breeding sites. 

It has been shown that crepuscular insects are least subject to 

wind changes because dam and dusk are the calmest parts of the day 

(SouthWood 1962). During .this period air curren;s are least likely to 

transport the insect away from favorable habitats. a.it the increase in 

proporticn of midges collected at greater heietits farther from the 

breeding site promotes dispersal. Vertical movement would incrsse the 

nuaber of midges that would e~er the upper layer of air and increase 
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the possibility of passive transport by atmospheric turbulence. Trans-

port by wind incrmses potential colcnizaticn of rew and distant sites 1 

increases interpopulaticn mixing and incrEBse disese transmissicn. 

Hast presence al so affected. vertical distrituticn. Sticky traps at 

sites C-1 and E-5 collected. larger nl.lnbers when hos ts were present. 

But, the maximum catch was from 0.61 m i.natesd of 1.83 or 3.15 m. 

(Tables 24 & 25). Too increase in catch from the sticky cylinder at 

0.61 m at trap site A-3 during the last three weeks of the study also 

appeared to be due to the presence of potential hosts. At that tirnei 

domestic geese and fishermen began to frequent the area around sticky 

trap site A-3 and the percent catch of females from the sticky cylinder 

at O. 61 m increased from 25 to 4'7%. The percent of males collected 

increas'!!Jd from 30 to 45%. 

A change in the height of flight of a haanatophagous insect may be 

caused by the insect's orientaticn towards the host. The a ttracticn of 

mos qui toes to warm blooded mammal and C02 has been classif'ied into zones 

at which successive oost stimuli w~e fi:-st encountered (Gillies & 

Wilkes 1969). Too zones of stimuliza.ticn were further e:x:am.in:!d for sim-

ulids by B?"adtury and Bennett { 1974). The geraral hypothesis is that 

haenatopnagous insects orientate upwind and follow host odor patterns 

until they enter close range oriert:.aticn when host odors may be overrid-

den by visual attracticn. Perhaps this hypothesis can be applied to the 

change in flight path shown by f.. variioennis. KnOWing that this spe-

cies is attracted to C02 (Nelsen 196 5) and co2 is heavier than air, H' 
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midges detected the co2 before they encountered the host they may alter 

their height of flight in accordance with an increase in the ooncentra.-

ticn of co2 • This factor \l\Ould increse the potential catch of midges 

from traps placed at lower heights. A change in the height of fl.ight 

due to host odors may be why_£. variipennis has been found mainly on the 

belly regiooa of cattle (Jooes 1961a, Sctmidtmann et al. i900a). 

Males also were trapped in greater numbers at o. 61 m at sticky trap 

site A-3 when hosts were present. Does this lll€9.n that they are also 

attracted to host odors? The attracticn of males to host animals is 

extremely rare in nature. !n Russia, Culicoides nubecu losus males mated 

with females while females engorged on the l'.ost animals (Downes 1955). 

In this study 1 males were collected from host animals in Saltville, but 

rio attempt was ma:ie to observe mating. If males did orientate to host 

odors like the females it may explain why more were collected st 0.61 m 

at sticky trap site A-3 when oosts were present. 

Gonotr1X>h ic ~ 

In order properly to interpret the r>esul ts of the blacklight trap 

study it is racessary to have a al ear understanding of the gon ~rophic 

ages of adults that were trapped. Firstt with the excepticn of the ani-

mal bait trap, no trapping method collected engorged females. Thls is 

not surprising since moot engorged females stay near the host until tr.e 

eggs ar"e fully developed. Gravid females de n ~ usually seek a ho.st 

which is supported by their absence from tr,e bait animal trap. Trough 



sane gravid £. variioennis were collected from the bait animal trap on 

the coastal plain (page 61). Trap bias can be determir:ed by examining 

tr.u proportiooate number of grand f'emales collected by each trapping 

method. Twenty-two percert. of the females collected in the D-Vac sam-

pler were gravid. During the oompa.riscn tests, the sticky traps col-

lected 2% gravid females and the Marsh BLT 501. gravid females. Assum .i"l.g 

that the D-Vac is an unbiased sampling tecmique then gravid females 

appeared to avoid the sticky traps rut were attracted to the blacklight 

trap. 

The large m.mber of gravid females collected in the Marsh BLT may 

have been influenced by the same ractor-(s) that caused an increse in 

the m.mber of pa.row females collected in the Harsh BLT. Gr-avid females 

seek an ovip:>si tioo site at night ( Jcnes 1967, pers. obs.}. They may 

also be aggrega.ted near the mud-water interface where they oviposi t. 

The oviposi ticn site for this species was 9 m from the Marsh BLT. 

Aggrega.ticn by gravid females mar oviposi ticn sites has been suggested 

by Downes (1950) for f.. nubeculosus and may oca.u• in C. variipermis. 

this would increase their presence raar the Marsh BLT. No informaticn 

is known m when this species again seeks a host. to begin subsequent 

gonotrophic cycles, but if recert.ly parol.ls females delay host-seeking 

they also would be concert.rated around the breeding site. A oonce ntra-

ticn of gravid and recently paro us females around the breeding site may 

have contributed to the high nooi.ber of gravid and parous females col-

lected in the Marsh BLT. Since the pro po rticn of gravid and paro us 
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females collected in the Marsh BLT ""as not the same as the D-Vac 1 those 

collected in the Marsh BLT wuld have to be attracted to the artifical 

light when net in flight. Ur.J.ess, gravid and parous females were 

at tr acted to 1 ight more than nul liparo us. 

The effect of artifical light m moths has been studied by several 

authors (Robinsoo & Robinscn 1952 , Callahan 196 5; Hsiao 1971) and the 

gereral trapping effect or artificial light was :reviewed by Verheijen 

( 1960}. Various hypothesis have been prop::ised to explain attracticn to 

light .including a dazzle effect, attracticn to ad ark arm mar the 

Hant, illi..minaticn etc.. In house flies it has been shown that the 

wavelength of light used affected the physiological age of the catch 

{Pickens et al. 196 9). The effect of artifical light en the catch of 

Culicoides has been limited to tests with differed:. types of lights. 

The wavelength of light affected the mmber collected and the species 

compositim (Belton & Pucat 1967, Rowley & Jorgensen 1961), but no 

informatim is available cn t.he mechanism of at tractim or the influnce 

of artifical li@tlt. 

Habitat can net be exoluied from consideratico. It was shown that 

the parous rates from females collected in the the blacklight trap and 

in the bait animal trap located on the coastal plain did not differ 

(page 70). The BLT was located 60 m rrom the rearest known breeding 

site and was hidden from ·1iew of the breeding site by a barn. The bait 

animals, sheep and cattle~ were pcsi ticned 50 and 00 rn from the mar' est 

breeding site, respectively. The bait animals were also hidden from the 



142 

breeding site by the barn. There 1 tre posi ticn of tr.e trap may have 

prevented recert.ly parous females from being attracted to the BLT. !t 

would be interesting to compare pare us rates of a BLT and a bait animal 

at various distances from the breeding site in Saltville to exam ira 

further the effect of site. 

From thase observaticns it appears that in certain lomticns and 

with the use of differer£ trapping methods, £.. vari.ipennis will differ 

in relatiai to the proporticn of each gonctrophic age collected. It is 

difficult to do more than propose the idea that light may effect the age 

of catch in 2.· vari.ipennis under certain si tuaticns; though the possi-

bility is likely and is support.ad by the results of studies en mosqui-

toes {Morris & DeFoliart 1969, Service 1976). 

Seasonal Pooulation Trends 

Tl:ie movement of insects away from and towards breeding grounds has 

important evolutimary, life history and disease transmissim implica-

tims. The blacklight study showed that gonctrophic age oompositicn 

differed depending on the distance from ehe re.~reat breeding site. 

Midge parous :!"'ates decreased with distance (Table 18). This implied that 

nuJ.liparous females moved aJay from the breeding site while paro us 

females were found closer to the bl"'eeding site. Tharefore, the pot en-

tial for disease tran.sm:issicn \.l'a.13 higher near the breeding site. a.it, 

it was discovered that the Marsh BI..·r may have been t>iased for gravid and 

parous females. Therefore, one must use cauticn when interpreting the 
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results from the blacklight traps. Only if all the light traps ha:i 

equal bias for different gon otrophic ages would t.he results represent 

true midge movement. 

However, several other results support the above conclus.icns. 

First t though low nunbers were obtairad, the sticky trap placed closest 

to the breeding site (A-3) collected midges with a higher parous rate 

than did the the cne located 590 m from the breeding site (D-3) (Table 

30). Seoondt the large mwber of' nulliparous females collected in the 

Allisoo BLT compared to the nunber collected in the Totten ELT indicated 

movement of nulliparous females (Table 28). Third, a recent mark-recap-

ture study on f· vari:i.:pennis showed that the females could fly up to 2 

Km within the first eight hrs after rel ease (LU lie 1978) • Tl'J3se three 

results support the conclusia:i that nulliparous :females move soon af'ter-

emergence. 

Populaticn peaks ocwrred at differert times net. cnly between 

stick'/ trap A-3 and the Marsh BLT, but also between d.iff'erert sticky 

traps, and differert light tra.pa. At sane times t.hey were in coo cordance 

with each other and at other times they were not. Variaticn in popula-

ticn trends of ten occurred when differert trapping methods wer-e used to 

study the biology of Culicoides (Bidlin~ayer 1961, Linley et aL 1970, 

Klir:e & Axtell 1976). In most studies weather is considered the most 

important factor to explain catch differences between trap types. In 

this study, it was observed that the type of habitat, the looa.ticn at' 

trap and· the prnportim of each goo ctrophic age the t.rapping method col-

lected should be considered. 
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SUMMARY 

Culicoides variipennis dispersed a :n inimtm of O. $} Km from the 

nearest breeding site. Dispersal was also vertical. A higher pro po rtiai 

of midges were collected at a height of 1.83 m rear the breeding site 

while farther away a higher proporticn of midges were collected at a 

heistit of 3.(5 m. Too per-cert. of total catch on sticky traps located 

higher- than J. C5 m increased as the distance from the :raarest breeding 

site incre.ised. Female midges converged around host animals and females 

and males were captured at lower le•rels when hos ts were present. 

Comparisoos indicated that the Marsh blacklignt trap was biased for 

gravid and i:arous females while gravid females tended to avoid .stick"Y 

traps. !hough the Marsh blacklignt trap was biased, several observa-

tioos indicated that nullipa.?'QUS fana.les moved aNay from the breeding 

site and paro us females were found in higher numbers rear the breeding 

site-. Since epidemiological risk {vector p::itert:ial) is directly related 

to the ni.mber of parous females in a given locatim, the vector poten-

tial or .f· vari:ipenni.s was gree. test rear the breeding site. 
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GENERAL CONO..tEIONS 

Trap type, time and site influenced the species oomposi ticn, number 

collected and female age. Thirty species were collected in the BL.Ts and 

17 in the bait traps. Culicoides bh!:uttatus, £.. stellifer, £. variipen-

~' and £• venustus were the moot abundant species collected in both 

traps. Tmy were uni (hi)vol tire, multi vol tire, multi vol tire and multi-

vol tine respectively. C. obsolet.us was also collected in high nunbers 

in tre BL Ts but nd:. in the bait traps. This species was multi vol tire. 

Ei8'1t new host records were reported in this study. The drop trap 

collected more midges tha..'1'.1 did the vacuum trap, and the cattle trap col-

lected more midges than did the sheep trap. Slrface are formulas are 

inaccurate in explaining differences in catch from l'los ts. 

CUlicoides stellife:r began oost-seeking acti v:i ty at SS-30 in bait 

traps and continU9d to be collected in the blacklight trap the remainder 

of the night. Earlier in the evening, nulliparous females were ool-

lected in higher percentages than paro us females. Time of flight for C. 

stellifer was delayed when the temperature was above 2s0 c. 
~· bigu tta.tus a.'1d £· vari:g>ennis peaked at SS+30 in the bait traps 

but continued to be collected in the BL Ts after dark. f· venustus 

peaked in the bait traps at SS+60 and continued to be collected in the 

EILTs after dark. The pa:rous rate off· variipennis was higher in the 

cow trap than the sheep trap at the CP site. This was also true for C. 

s tellifer at the PP site. 
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A morphometric study or £· '<ariipennis in Virginia showed that 

taxoncmic craracters used to separate species or subspecies in Virginia 

were to variable. Temperature, salinity and rainfall affected this va.r~ 

iability.. Therefore, I conchi:ied that in Virginia using the preser£ 

taxonanic craracters that mly one species is presert.. 

Culicoides variipennis males S'..rarmed 15-20 min before sunset and 

991 of the females that entered the swarm were nulliparous. Ore mating 

pair dropped to the ground ever-y 10 sec and remain .if! cooula from 30-120 

sec. The time spend on the ground by mating pairs significantly 

increased successf'ul ins em ir..aticn {p<O. Ol). 

Females collected from swarms could n ct always be separated to £.• 
occidentalis or.£ variipennis using the width of the third maxillary 

palp as stated in Dowres {1978}. The presence of intermediate widths 

supports the oonclusicn that £. vari:1,p_ennis is one ecotypic species in 

Virginia. 

Dispersal off· vari.y>ennis was at least 0.£9 Km. More midges were 

collected at 1.83 m and 3.05 m than at 0.61 m. When hosts were rear the 

sticky tr-aps more midges Wer'e collected at o.61 :n. Host presence also 

increased. the rumber collected. 

Extended sticky traps showed that f.· variipennis can be found at 

9 .. 15 m and that there was vertical movemert. away from the breeding site. 

There ;,.ra.s a positive correlatim between numbers collected at the breed-

ing site and those collected at traps farther away. 
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Compariscn tests showed that sticky -craps, D-Vac, and bait traps 

collected similar percentages of parous individuals. '!he Marsh BLT col-

lected a higher percent.age of parous females than did the above sampling 

methods. The parous rate of midges collected in the Marsh: BLT were also 

higher than the parous rates from tr.e Totten or Allism BLTs. I con-

cluded that the Marsh BLT was biased for parous individuals. This bias 

may be due to site and/or attractive properties of light traps. 

Gravid females were collected in higher percentages from the Marsh 

BLT ( 5~) when compared to sticky traps { 2%) and the D-Vac. (22%) • This 

suggested that the sticky traps were a voided by the gravid female and 

attracted to the Marsh BLT (assuming that the D-vac was an unbiased sam-

pling tecmique). 

·roough the Marsh BLT was biased for paro us and gravid females, 

other data indicated that nulliparous females moved l!May f'rom the bt"eed-

ing site. Since more parous females were closer to the breeding site, 

this would be the area of concern for maxi.mun disease control. 
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Appendix A: CuZiaoid2s co lected in bl ack1 i ght traps during 1978 
and 1979 in V rginia; listed by year. site, trao time 
and reproduct ve status. 
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TABLE t,-1. Cui"\ccdcies co!1ectec in S111ck1iolit traos (12 trat nioMts at the Coastal 
Plair. site, from 30 minutes pre sunset to !?Ci minutes oost sunset durino 
1978, ir Virginia. 

?arous. 

0 

l 0 

c 4 

l24 

~· crapuscula~i! 

r 

C~ obsoletus 1 

c -' 

13?9 

(. 

80 519 

1 l60 

1259 38 2269 

*Parity- was net determined for thi~ soecies~ 
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TABLE A-2. u1~c:ioes co11ected in S1ackliQht traos (~5 trao r~ahts) at the Coastal 
lam site from 30 minutes ore sunset to 50 1r.inu'::es oos";: sunr:se dur1'1g 
978, 1n Virginia. 

Soeeies Nullinarcus ~ ~a.roes Enqorcred Total 

'.'.:. alexande:ci l J " 0 

-· a~cricola () 4 

bickleyi , ·J 

-· big-.;rc~a:cus l.2.53 lS 57'.: 194? 

:repuscula.::-Ls 26 :1 30 

;:. de:Cil.:.palpis 4 l c 

-· ::~.irens ::;4 " 63 

~.itt.i.?er>.n:..s ~ G c 0 

C~ hae=a-:::i.pct:is '.:4 ,~C 34 

c. mul rennar .. i. . J ., 

,., zbso.letus 32 .:;;;i ~ 

~- pl.l.1£0:.r';.$ ~ 0 ·~ .. 
sangu.isuga 34 c ~ 

c. spinci=us 6 t~ 0 14 629 

-· .$"Celli fer 5091 29 2630 54 

-· -=~s-eudinali..s •_J 0 ' '-
~. travizi 10 3 : 

c. '!:ari.ip-en..'fli.s l5:Z7 1508 3582. 

*C .. venustus 0 7 0 

~·\~tals 9973 1653 5922 353 18901 

~0 arity was no: det!rm1ned fer this spec~es. 
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TABlE A-3. C~1icoides co11ected in Biackliaht traos {15 trao niahts) at the Piedmont 
0 lateau 1Bennett Farm'1, from 30 :llinutes are sunset to 9D minutes r:ost sun-
set auring ~978, in Virginia. 

?:r.rous 

,, J 

., 
:;_ 

;; 3 

5 t) 

:;_ 6 

.;8 48 

l 'l 

) ,, 

c ~ st:elliter 505 66 196 :;J 

0 50 

7~t.al :.l5G 

""Parity was not determined for tr.is species. 
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iASLE .A.-4. '.:ul~caictes coi1ected 1:1 S1ack1'oht t:raos (15 trao ~1onts 1 at the 0iedmont 
Plateau \Farris Farm), fl""Jm 30 <idnutes ore sunset to 90 minutes Jost sun-
set during 19i8, in Virginia. 

.seecies ~ullioarous ~ Parous Ens:orqed ~ 

c. alexanderi l 1 \.,; ~· 
~~ 

r;. arbo.c:.cola ~ l 0 ' ., 

~· 
oa~eri (] .:. ,) ·• 

". ::.:..ckla:y i :.s :?:?. 

c: .• Oig"<lC ':a ~u$ 1 15 -.:,,4 
,. 

CZ: e91.!SC:l.i..J.r :.s 3 66 ' 
ieCl.lJ.?altis - J ") 

:;1J.~t;_9enn1~ j -
,. :-:ac:na COf?CtL:S J.J -.... 
·~ !i.l:.S:Sey:. c '.) J l ~· 

,. J a..;,.11r\=ac !<.,:;., ".;..-'v• 

nanu..s l. ., .... , 

C~ ri:.;~::; J 

'-'• :.,:::scl~c.::s -0 :s ' 1 7 ' .. . ::;ar.:i;: i_:..:.fe! ~~s ~ . 
. 9i:;.fez:"~.1S ~ _..::_ •.. 

·~a:lqi.ii s !.J.ga ,, ~ 
~ ) :.s 

s;:ii_ncsu.s '_) 

.• ,jt:eli:..fer 28 29 l~ .~ 71 

". -~s i:.•..;d.:.nali.s ~ 

·~· :.::av:si ~ 8 .;; .,,, 
.;_;.; 

c .. ver:ii?en...""ti.s 3 ·' !..-i 

•c~. 't~nu..stus ·J J 2 
c~ vii..:..os.t.pennl.:s ;.6 ") J ,i,.•'l 

TOt:..,; .!.,$ 211 188 1 .... ~ .. u. 503 
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TABLE A-5. CuHcoides collected in 31ackJ1,:iht traps (11 trao niahts) at the Ridae 
and 'ia1 iey Province from 30 minutes ore sunset to 90 ·ninutes oost s:.111set 
du ring 19 7 S, 1 n 'Ii rgi n i a . 

soecies ~iul:! pa.rous ,_-;r3'1.tid ~ E:n ao r oed ~ 

~. alexa.nderi 9 l l 1 

-· bergi :) 

'o.:·okley:. :.o J .) ,;....;... 

·-· biqattst:lS J .;. 

c::.:ep1lsct1laris 5 ... -v 1 ~ .~s 

t>3e.mat:o9ot ·.:s ) :.) 4 

j.3.rnl"'.backi ' 0 •) -· ~ ~ 

c,. .:Jbs.ci.at:-.ls l~9 2 2.79 

~· ;;arapi:~tarus .:; ~) •') '~ 4 

?il!ferJ.S : ] ) 

sa.11t;t:isuqa •} 

spincsus . ' ; .. "' 
c .. stellif:r 53 ::.1 :':: '10 

-- t.r:!".riSi j $ -
c .. ·-tariipennts •) : J 

*C. 't.r'"e:f1U-.StU3 i) J } ' ..; ~ ... 

total. 1 ,., --"' l.32 ll 1 -347 

*?arity was not determined for this species. 
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TABLE A•o. Culicoides co11eeted in Blacklight traos (12 trao niahts} at the Ridqe 
and Valley Province from 30 minutes ore sunset to 60 minutes post sunrise 
during 1978~ in Virginia. 

Species NulliJi!&rous ~ ~ Zn51:or~ ~ 

c. alexander:i. 9 0 0 0 9 

c. bawar:i. 0 lS 0 0 15 

c. berqi 3 7 0 0 10 

c. biekleyi 4 2 Q 0 G 

c. ::iigattatus 33 18 ll 4 126 

~ ..... erepuscular:i.s 16 43 l 3 63 

c. quttiP4!".nis s 0 0 0 s 
c. haematopotus , 35 0 l 37 ... 

c. obsoletus 110 378 68 2 s5a 

c. pilifeu:us 0 2 0 0 2 

c. sangui:ruqa. 14 '.l 2 l '"" ,.., 

c. spinosus 43 14 l 2 60 

c. stellifer 154 28 45 4 23l 

c. t:ravisi 5 so l 0 56 

c. var:i.ipennis l.4 7 22 0 43 

*C. V'ltnUllltUS 0 4 0 2 91 

Total 534 603 173 19 1329 

*Parity was not determined for this species. 
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TABLE A-7. CJ;icoides co~1ectad in 81ack1iaht traos ,8 trao ~i~hts~ at :he Coasta1 
Plain site, 30 minutes ere si,inset to 90 minutes ;:iost sunset, :luri1g <g79, 
in '/irginia. 

Nulliparous :;~avid ;:;n-gorged 1'.'oi:..a.l 

'"' a:ct:ioricola .'.) 

-... bergi l 1 

=· 0 168 

J 

h:.isseyi 

;:ili.:er-.ls s 

,_ ~ 5pincsus l lG 

1365 

l -, 
" 

0 

Total 2133 664 1.324 6G 
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T.1',BLE A-8. Cu icoioes co11ectec ~n a!ackligi'lt :raos (13 trao nicnts) at the Coastal 
Pl in site, from 30 minutes pra sunset :o &O 11inutes oost sunrise, duriria 
19 9, in Virginia. 

Scecies Gt>llVid 

c. arbo:r!cola 12 15 

<:. be.rgi 1 .J l 

655 :l99 

11 

J 

9 

1 

" 
c.. spin.osus v 18 

9435 ... ..:::. """-1 ,.. 04.i..'.:i 

'' _ ... --- .. 'Castu;:!inalis ') 

-~ -" 
2568 2887 78 790~ 

0 9 a 12 

-rot al l.J5J2 2672 9920 1.82 263C6 
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u1iccides coilected in !31ack1ight t;"',3ps (12 ::rao- ni,~hts) at the ~iedrnont 
1ateau from 30 minutes ;:ire s:.mset to 90 minutes oost sunset duri0<1 1979, 
11 Virginia. 

Species Nullioarous ~ ~ !ncor9:ed 

c. u±:loricola iJ ! 6 ' '" 13 

.~ bi ·~a:t:t.a c~..::s \?9 l4 35 ·' '-'• ; 

:.:~pusc-;.::.la.ri:s : 5 :) ; 

~· ie.bili;alpis J 

,., !1Jt-::.:.pe..:ri..l'liS ~ J .. · 
C~ ~:.aen:.a \:o:ct :lS . ~ l .. ,. .~ 

,., '::usseyi .,, J ·-· 
'-'• :a!\'!!"-back::. J ,J 2 

·-· :1bsc.le~us 53 J.Si :!6 - 21'? 

w• ;-il,;...:arJ.$ ·' 6 

·-· ;;am;u.:.suqa - 0 J 

': .. '!CEt.,"tl;:Jni ::: 

::;;u.nos~ :a ' :.; -· .., JC 

~ s-:e.J .. :.i ie: r 326 167 Z57 1.0 :..460 

-tastud..i~alis 5 ;: ~ -· ·. 
~ :::a.vi.si 3 14 ') ·) 

,., 
qarii..p~...n.i.s 36 :3 

'*'t,. ~renust~s iJ c Q 0 

Total 1082 525 540 15 2162 
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TABLE ,;-10. Cuiicoiaes co11ected ~n 31acld~ght. craos 9 t:ap ni1hts :it :he Ridge 
and Va 11ey crovfoce "fl)m JO 'lli r:utes .ore sunset to 90 'Tii nutes oos t sunset 
dur•nq 1979, ;n V'rginia. 

sc~cias Nul!.iparcus ~ t>ar~us Enqor::::-ed ~ 

-· alexande!:"::. '} :) 

..... ~ art:ori.::c la. J 4 ~l 

,- ::Jaue.c.:. _J !.5 

,_, :iei~·;i. 

'-· '.,...;. :kld;i. :s "' ,:,'..} ,, 

·.::.:.·1'2 t t:::. r.:u.s 19 ' . -· 
,- ::Z!'Sf:'J.SC'J.l. -l.I:.:3 55 S9 

'.':ae:mat.::J?o:::::.s 5 :; ' -· ,,, 

: ..... :'1i:.mani l J -
~b:SO 1S.l:!~S 28 :'J 

-;, ili.;·~r'.JS . ,_. ' - J c• 

c;. :;l:}.:..ncsi.:s ~2 ) J 52 

... -3~21:.:..t~r 16 -;...; , 

-· t:ese.idinall.s ' , 

":. :::avisi ~-,, J 2.Cr5 

-· "Iar:,..::.;l!ruti:l 53 J..l 

'-· :.-e.nustus 1J "' J ,, ;5 

:rot al 6'7 464 .;9 3 58:3 



Appendix 8: r;uUcoidea collected from bait animals durino 1978 and 
1979 in Virginia; listed by year, site, bait and trao 
period. 
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TA8LE B-1 Cul·icoides collected in bait traos at sunset minus 
30 minutes (SS-30). sunset (SS),· sunset plus 30 
minutes (SS+30), and sunset plus 60 minutes (SS+60), 
at the Coastal P1a1n site, in Virginiai 1978. 

Species Trap SS-30 

c. a:t'borico'la. Cow 0 
Sheep 0 

c. biguttatus Cow 3 
Sheep O 

C. orepu.soularis Cow 0 
Sheep 0 

c. fu.rens Cow 1 
Sheep CJ 

C. hoZlensis Cow 0 
Sheep 0 

C. niger Cow 0 
Sheep O 

C. ohsoletu.s Cow 0 
Sheep 0 

C. sanguisuga Cow 0 
Sheep 0 

C. ste Uifer Cow 10 
Sheep 1 

C. VGJ:"':ipennis Cow 24 
Sheep 4 

SS 

0 
0 

7 
4 

0 
1 

0 
0 

0 
0 

0 
1 

0 
0 

0 
0 

6 
26 

38 
8 

SS+30 SS+60 

l 0 
0 0 

0 5 
0 0 

2 0 
0 0 

0 0 
0 0 

0 1 
0 0 

0 0 
0 0 

0 0 
1 0 

0 2 
0 0 

5 2 
2 0 

72 77 
13 3 

Tota1 

1 
0 

15 
4{+1?) 

2 
1 

1 
0 

1 
0 

0 
1 

0 
1 

2 
0 

23 
29 

211 
28 
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TABLE B-2 Culicoides co11ected in bait traps at sunset minus 
30 minutes (SS-30), sunset (SS), sunset plus 30 
minutes (SS+30), and sunset p 1 i.1s 60 minutes {SS+6C). 
at the Piedmont Plateau, 1n Virginia, 1978. 

Species Trap SS-30 SS SS+30 SS+60 Total 

c. biguttatus Cow 0 0 0 0 0 
Sheep 0 1 0 0 1 

c. ... b lf"'f,. .,., • de - t t'tpa tpi.s Cow 0 0 0 0 0 
Sheep 0 2 0 0 2 

,,., gut ti pennis Cow 0 0 1 0 1 "' . 
Sheep 0 0 0 0 0 

1" obsoletu.s Cow 0 1 2 0 3 V• 

Sheep 0 0 0 2 2 
rt .sanguisuga Cow 0 1 a 0 1 f..,. 

Sheep 0 0 0 () a 
t:., ate i Zl/ t~ex- Cow 1 0 0 1 2 I 

Sheep 12 18 17 1 48 
/'"! Va!"'~ ipennis Cow 0 1 0 2 ,_,. 

Sheep 0 0 0 0 0 
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TABLE B-3 Cu7..iooides collected in bait traps at sunset minus 
30 minutes (SS-30), sunset (SSL sunset o1us 30 
minutes (SS+30L and sunset plus 60 minutes {SS+60), 
at the Ridge and Val1ey Province~ in V1rginia, 1978. 

Species Trap SS-30 SS SS+30 SS+60 Tota1 

i'' b·iakleyi Cow 0 0 0 0 0 V• 

Sheep 1 0 0 0 1 
n biguttatu.s Cow 0 0 0 0 0 :., . 

Sheep 0 2 7 0 9 

/'1 arepus eu Za.:1"':..s Cow 0 0 0 1 \_,. 

Sheep 0 0 0 0 0 

c. obscletus Cow 0 0 0 0 0 
Sheep 0 0 l 0 1 

,., 
sangir:..suga Cow 0 0 0 0 0 1:_.,. 

Sheep 0 0 ~ 0 1 ! 

c. soinosus Cow 0 0 0 0 1? 
" Sheep 0 0 0 0 0 

r"' S"teLlifar Cow 0 0 2 0 2 '-'. 

Sheep 12 12 3 1 28 

("' 1.)a:t"'~ipennis Cow 0 0 0 0 0 V• 

Sheep 0 0 1 0 1 
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TABLE B-4 CuZicoides co11ected in bait trans at sunset minus 
30 minutes (SS-30L sunset (SS),' sunset o1us 30 
minutes (SS+30), ~"d suns~t olus 50 minutes (SS+6~), 
~t the Coasta1 Plain site, rn Virginia, 1979. 

Species Trap SS-30 

C. biguttatus Cow 1 3 
Sheep 1 

C. r:xrepus cr,,(La.~s Cow l 
Sheep 0 

C. f"w."er.e Cow 3 
Sheep l 

c. niger Cow 2 
Sheep O 

c. piZi~fe_-rri.,,ls Cow 0 
Sheep 0 

C. san.~uisuga Cow 0 
Sheep O 

c. spinosus Cow l 
Sheep 0 

c. steZ Z·lrBr Cow 264 
Sheep 33 

c. tl"O':TJi.si Cow 6 
Sheep 3 

c. va:rUpennis Cow 34 
Sheep 1 

c. venustus Cow 1 
Sheep o 

SS 

55 
3 

0 
0 

4 
a 
0 
0 

1 
0 

0 
0 

a 
2 

225 
41 

0 
0 

300 
7 

1 
a 

SS+30 SS+60 

72 25 
27 2 

0 0 
0 0 

6 2 
1 0 

0 0 
1 0 

0 0 
0 0 

1 0 
0 0 

3 0 
2 0 

187 47 
62 5 

3 2 
0 0 

1154 233 
156 18 

21 21 
4 2 

Total 

165 
33 

1 
0 

15 
.2 

2 
1 

1 
0 

1 
0 

4 
4 

723 
141 

11 
3 

1721 
182 

44 
6 
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TABLE 8-5 C'itZiaoides co 1 iected in bait traps at sunset minus 
30 minutes (SS-30)~ sunset (SS), sunset plus 30 
minutes (SS+30), and sunset plus 60 minutes (SS+60), 
at the Piedmont P1ateau, in Vi rgin1 a, 1979. 

Species Trap SS~30 SS SS+30 SS+60 Total 

c. bigu.tta:tus Cow 7 0 4 rr 'v 11 
Sheep 2 0 3 0 5 

c. obsoletus Cow 2 0 n 3 ..., 
Sheep 1 !"\ 0 a 1 

v l 

,-. sanguisuga Cow 0 0 i 0 V• l 

Sheep 0 0 0 0 0 
,., spinosus Cow 0 a 2 0 2 '"". Sheep 0 0 0 0 0 

c. steti·ifer Cow 21 25 26 9 81 
Sheep 10 13 34 1 58 

c. va:eiipennis Cow 0 0 0 1 l 
Sheep 1 0 7 0 8 

·" iJenv.etus Cow 0 0 0 2 2 ..... 
Sheep 0 0 0 0 0 
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TABLE s,..5 Cuz.iooidea collected in bait traps at sunset minus 
30 minutes (SS-30)) sunset (SS)t sunset plus 30 
minutes (SS+30), and sunset plus 60 minutes (SS+60), 
at the Ridge and Va11 ey Province, in Virginia, 1979. 

Species Trap . SS-30 SS SS+30 · SS+60 ·rotal 

,... bigutt.atus Cow 0 0 1 0 l \..f-9' 

· Sheep 0 0 0 0 0 

c. "-1'.' J.' pi, f...1.. .i et'US Cow 0 0 ' 0 1 l 
Sheep 0 0 0 0 0 

("' svincsus Cow 0 0 2 a 2 ,,. .. 
Sheep 1 0 0 0 1 

!" s·teZZifer Cow 4 0 3 0 7 \.u 

Sheep 0 0 0 0 0 

"" t:ra:visi Cow 0 1 0 0 l V• 
Sheep 0 0 0 0 0 

rt variip;:;.nnis Cow 0 0 1 c 1 '-'. 

Sheep 0 0 a 0 0 
,.. 
(;. venuati.1.S Caw 0 0 l 0 1 

Sheep 0 0 0 0 0 



Aooendix C: Culicoicles var11oennis collected from the 3 black1iaht 
traos used in the comnarison of oarous rates in 1980 
Saltville! VA. 
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TABLE C-1 . Cu1icoides va ri i nermi s collected in the Marsh blackliqht 
trap used in the comparison of parous rates between black-
light traps in 1980, Sa1tvi11e VA. 

Date i'lu11 ioarous Gravid Parous Total 

June 16 5 93 93 191 

17 84 604 112 800 

30 66 1479 110 1655 

July 66 1479 110 1655 

16 208 386 126 720 

17 60 653 ' 105 818 

18 24 650 82 756 

19 ')LI. 
'- ' 560 68 652 

20 77 843 109 1029 

21 130 1125 150 1405 

22 128 632 184 944 

23 126 138 218 482 

24 25 685 35 745 
?r -0 33 254 28 315 

27 90 785 i~ 
J j 948 

30 14 240 46 300 

31 61 254 193 508 

Aug. 1 70 695 290 1055 

2 72 548 140 760 

3 70 7'"'"' I "J 240 1085 

4 55 333 28 416 
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TABLE C-1 cont. 

Date Nu11iparous Gravid Parous Total 

Aug. 5 i 01 631 73 805 

19 73 990 68 1131 

21 86 935 103 1124 

23 3 59 5 67 

24 4 204 ., 215 i 

25 5 198 13 216 

26 10 57 16 83 

27 13 86 83 182 

28 34 106 110 250 

30 30 76 74 180 

31 67 162 100 329 

Sept. , 119 357 477 953 I 

2 12 397 397 806 

3 143 248 143 534 

4 167 770 14 951 

5 65 365 153 583 

6 14 64 88 166 

9 30 192 199 421 

Total 2464 19108 4663 26235 
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TABLE C-2. Culicoides variipennis collected in the Totten blacklight 
trap used in the comparision of parous rates between black-
1 ight traps in 1980, Saltville VA. 

Date Nulliparous Gravid Parous Total 

June 16 l 3 8 12 

17 6 24 20 50 

30 0 11 6 17 

July 1 13 35 35 83 

16 33 16 1 IJ 59 

17 21 13 23 57 

18 3 5 4 12 

19 10 7 15 32 

20 15 7 10 32 

21 7 8 7 22 

22 57 7 l7 81 

23 4 2 2 8 

24 4 1 1 6 

25 4 1 9 14 

27 15 8 4 27 

30 9 2 4 15 

31 4 8 10 22 

Aug. 1 2 5 3 10 

2 14 1 4 19 

3 1 0 3 4 

4 0 1 a 1 
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TABLE C-2 cont. 

Date Nu11 ioarous Gravid Parous Tota 1 

Aug. 5 104 6 70 180 

19 10 3 11 24 

21 6 1 13 25 

23 0 0 0 0 

24 1 1 2 4 

25 4 1 6 

26 7 , 4 12 I 

27 i 1 1 9 

28 6 12 19 

30 2 a 2 4 

31 3 3 4 10 

Sept. 1 11 2 17 30 

2 26 16 44 86 

3 10 7 13 30 

4 ,.. 5 3 13 :;) 

5 14 2 19 ,,-...i!:l 

6 9 l1 30 50 

9 18 27 46 

Total 466 227 473 1166 
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TABLE C-3. Culicoides variipennis collected in the Allison blackliaht 
trap used in the comparision of parous rates between black-
light traps in 1980, Saltville VA. 

Date Nulliparous Gravid Paro us Total 

June 16 0 0 2 2 

17 2 2 7 11 

30 4 4 0 8 

July 1 13 8 4 25 

16. 81 14 13 108 

17 48 14 • 28 90 

18 19 6 14 39 

19 79 13 26 118 

20 85 4 37 125 

21 57 3 17 77 

22 32 2 4 38 

23 11 7 10 28 

24 4 0 11 15 

25 15 0 10 25 

. 27 10 17 6 33 

30 18 4 14 36 

31 94 0 20 114 

Aug. 1 23 3 23 49 

2 36 2 14 52 j 

3 22 4 9 35 

4 8 2 3 13 



184 

TABLE C-3. cont. 

Date Nu11 ioarous Gravid Parous Tota1 

Aug. 5 2 0 3 

19 28 2 6 36 

21 9 11 15 35 

23 5 3 3 11 

24 7 8 6 21 

25 58 2 9 ,.a 0.; 

26 69 3 7 79 

27 11 3 11 25 

28 11 2 5 18 

30 5 5 5 15 

31 35 0 , " I .) 48 

Sept. 1 47 7 17 71 ' 

2 43 38 25 106 

3 13 &:: 19 37 ,., 

4 23 "1 .,-., 41 f 1 1 ~ I 

5 35 ... 19 61 I 

6 11 4 ~ 20 .; 

9 9 3 4 16 

Total 1082 9 453 1754 



Appendix 0: Weekly mean numbers of Culicoides variipennis collected 
in the Totten BLT {1979 & 1978), and the Marsh BLT 
(1980} in Saltville VA. 

1R5 
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TABLED- 1. Weekly mean numbers o~ Culicoides varifoennis collected 
in the Totten BLT in 1919, Saltvi 11e VA .. 

Date Nu 11 i pa rc..us Gravid Parous Total --
6/1 - f.,/7 170 58 321 549 

6/8 - 6/14 20 94 83 197 

6/15 - 6/21 8 53 49 110 

6/22 - 6/28 15 31 27 73 

6/29 - 7/5 30 ?O 61 120 ....... 

7/6 - 7/12 41 70 125 236 

7 /13 - 7/19 g7 144 315 606 

7/20 - 7/26 60 S9 195 354 

7/27 - 8/2 39 50 39 128 

8/3 - 8/ 9 0 5 1 6 

8/10 - 8/16 0 ; 0 1 . 
8/17 - 8/23 c 0 5 5 

8/24 - S/30 1 2 0 3 

8/31 - 9/6 0 2 

9/7 - 9/13 1 4 4 g 

9/14 - 9/21 1 0 4 5 
-

Total 533 641 1230 2404 
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TABLE D-2. Weekly mean numbers of Culico des variioennis collected 
in the Totten BLT in 1980, Sa tvi11e V,d... 

Date Null iparous Gravid Paro us Tota1 

5/26 ,- 6/1 9 12 28 49 

6/2 - 6/8 18 20 50 88 

6/9 - 6/15 16 14 81 1 i1 

6/ 16 - 6/2.2 2 9 7 18 

6/23 - 6/29 22 32 29 83 

6/30 - 716 4~ ,..,; 33 56 132 

7/7 - 7/13 58 22 a.c ,,.; 125 

7/ 14 - 7/20 37 12 29 78 

7/21 - 7/27 13 5 6 24 

7/28 - 8/3 9 4 6 19 

8/4 - S/10 36 16 58 110 

8/11 - 8/17 44 12 27 83 

8/18 - 8/24 6 2 9 17 

8/25 - 8/31 r: ii lO .,; 'I· 

9/1 - 9/7 • ? {.,; 7 20 40 

Total 331 201 455 987 
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TABLE D-3. Weeklv mean numbers o~ Culicoides var11oenn1s collected 
in th~ Marsh BLT in 1980, Saltvi11e VA. 

Date Nu1liparous Gravid Paro us Total 

5/26 - 6/1 9 238 8C 327 

6/2 - 6/8 30 230 103 363 

6/9 - 6/15 14 382 139 535 

6/16 - 6/22 14 291 36 341 

6/23 - 6/29 18 402 37 457 

6/ 30 - 7/6 66 1479 110 1655 

7/7 - 7/13 96 446 92 634 

7 /14 - 7/20 116 565 140 8" 1 r:::. 

7 /21 - 7/27 87 598 1C4 789 

7/28 - 8/3 56 510 146 712 

8/4 - 8/10 iC 
f ... 373 80 528 

8/11 - 8/17 174 609 254 l G37 

8/18 - S/24 48 497 52 597 

8/25 - 8/31 27 117 70 214 

9/1 - 9/7 75 322 189 586 

Tota1 905 7059 1632 9596 



The vita has been removed from 
the scanned document 



Seascoal atundan~ :a.nd host ?""eferenoe of Culicoides in Virginia; With 

emµiasis on the ecology of Culicoides va.ri.ij!ennis {Diptera: Ceratoµ:>g:i-

nidae} 

by Robert Henry Zimmerman 

Abstract 

Trap type, time and site inf 11.e noed the species comµ:>si ticn, nunter-

collected arI<t fenalea93. Thirty species were collecte:i in the BL!s and 

17 in the bait tra~. Culicoicles b:fa:uttatus, f.. obsoleb.is, ~· stelli-

f'er, £· variipenn.is, and f· verustus were tra moot abundant species col-

lected in l:oth tra~. 

Eight new host records wer"e reµ::irted in tnis stooy. The dro? trap 

collected rr.wre midges than did tte vaa.nim trap, and tte cattle trap col-

lected more mideJlS than did tre sheep tr-ap. 

C:Ulicoides stellife:- be~n tnst-seeking activity at SS-30 in bait 

tr-ap:s and contim.ad to te collected in the Olacld ight trap t~ t<emainder 

of the ni.gpt. Earlier in the elJ'i'emng, null.iparous females 'l'iere m:!.-

lected in higper peroarta@1as than parotJS f!3nales. rime of fU2tJ,t fore. 

stelHfer was delayed wren the temperature was atove 2s°c. 
wlicoides o;guttatus and£. va.ri~~mnis peaked at SS+30 in tha 

bait. tra~ rut continood t.o be co.llectai in tre BLTs after d~k. C. 

vemsws peaked in the tsit traps at SS+60 and contimed to be colleote:i 



in the BL Ts af ter' d<r k. The pare us rate of £... v ariip ennis was hi@P.er in 

the cow trap than the sheep trap at the GP s:i te. This was also t?:"t..e for 

C. s tellif'er at the PP site. 

A mor;i'lometric stu:iy off.· '!ariipennis indicated that in Virginia 

using the present tamnanic ch;racters that cnly one species is ~esert. 

OJlicoides vari:ipennis males swarmed 15-20 min before smset and 

99%c of the fan.ales. that ert.ered the swarm were nullip:trooo. Ore mating 

pair dropped to the gromd every 10 sec .and remain in ccpu,la from 30-120 

sec. The time spend on t.r,;e growd by mating pairs significart.ly 

increase:i successful ir..seminatim (p<O. 01). 

Dispersal of' _g. v ari~ ennis was at 1 est O. SJ Km. More m idg;:s w er'e 

collected at 1.83 ra and 3.05 m than at 0.61 .m. Wren msts were rear the 

st.icky t:raIE more midges 1i1ere oollectoo a:; O. 61 m and :nidgiss collecta:i 

increased. 

_g. 11 a:ri:i,e ennis was collected at lest as hi8j1 as 9. 1 5 m and verti-

cal movement oco.i:•red a.;ay from tbs breeding sLte. Trere was a p::isitive 

co rrel ati a1 between mm bers oo 11 ect ed <t. di ff ere rt. si tes • Can pa:r i soo 

tests soowed that stick/ trapat o-·vac, and bait traps oollectei simi.lar 

perce rt. ages of paro ta individuals. Too Mar3 h BLT collected a hi~(H' 

·percentage of parous females than did the atove sanplingmet.tods. Midge 

parow !"ates from the Marsh BLT were also hie;ter than the parous rates 

from the Tot ten or A 11 isa1 BL Ts. 

Gravid fanales were collected in higtler percentages Ln tbe Marsh 

BLT ( 5~) than on th:: sticky traps (2%) or tn tra ::>-Vac: (22U. Trough 



the Marsh BLT was biasei for parous and gravid f'anales, Gt.her data indi-

cata:i that nulliparo us fEmal es moved a1ay from the breeding site. 
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