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Chapter I

INTRODUCT ION

Biting midges of the genus Culicoides are mainly pests of warm
blooded mammals, including man and livestock. They have been implicated
in the transmission of several diseases, Bluetongue virus (BTV), of
livestock is the most important disease transmitted by Culicoides in
North America (Kettle 1965).

The transmission of arbovirus (viruses transmitted by arthropods)
involves three major aspects of vector host interaction: (1) affinity
of the vector for a vertebrate 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) longevity of the vector at temperatures that
favor completion of extrinsic incubation of a pathogen in the vector
(Reeves 1971).

It is well known that cattle and sheep are capable of carrying an
infective dose of BTV in their blood for a vector (Metcalf 1976}, but
very little is known about which Culicoides species have an affinity for
domestic livestock. Also, knowledge on the abundance and longevity of
Culicoides species is lacking. Therefore, it is important to examine
the biologies of Culicoides with emphasis on the disease transmission
variables listed above before implicating them as vectors.

Due to the lack of a virus laboratory in Virginia, vector-host

interactions cannot be entirely examined. I will examine the potential



vector-host affinities as well as the abundance and longevity of
potential vectors. I have assumed that the potential vectors are those
species that are more abundant on cattle and sheep and have greater lon-
gevities than other species collected on the host animals.

The purpcse of this study is to examine the Culicoides of Virginia

in relation to:

1. 'The numerical abundance of Culicoides and their affinity for

sheep and cattle.

2. Examine the longevity of Culicoides individuals collected in

the field.

3. Single out the most important potential vector(s) and examine
the relation between dispersal, sex, female age and height of

flight.

4, Relate these results to potential BTV transmission.

This study is divided into two secticms: (1) The seasonal distri-
bution and host preference of Culicoides in Virginia and (2) A detailed

examination of the ecclogy of Culicoides variipennis (Coquillett) in

Saltville, Virginia.



Chapter II

LITERATURE REVIEW

BLUETONGUE VIRIB

Bluetongue (BTV) is in the family Reoviridae; group orbovirus.
There are 16 serotypes with four occurring in the United States., It is
an infectious, non-contageous viral disease of ruminants and is charac-
terized by inflammaticn and congestion of the mucous membranes leading
to cyancsis, endema and ulceration (Metcalf 1976). Death usually results
from secondary pneumonia. In the United States, it was first confirmed
in sheep in 1952 and in cattle in 1359 (Bowne 7973). Because of the
presence of BTV in North America, Australia and New Zealand refuse to
accept U.S. cattle, semen or embryos, representing a 10-15 million dol-
lar lecss to U.S. cattlemen alcne.

The disease i3 transmitted by midges of the genus Culicoides. In
the United States, C. variipennis is the cnly known vector (Leudke et
al. 1976). This vector must ingest the virus from a reservoir because
transovarial transmission is not known to occur in this species (Jones &
Foster 1971). BTV transmission to cattle and sheep reaches a peak 10-14
days after virus ingesticn under laboratory conditioms (Foster & Jones
1973). Congenital infection of lambs and calves by BTV nhas been demons-
trated and outbreaks of BTV occur from mid to late summer (Metcalf

19785 .



Since midges do not overwinter as adults and no transovarial
transmission occurs, the vector cannct be a reservoir of BTV. Wild ver-
tebrates have been shown to have BTV antibodies, but are unlikely 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 nminfected C. variipennis caused the appearance of BTV in
the bloodstream of a bull that previously had BTV, but after several
years the bull was not serologically positive for BTV. This vector-med-
iated viral recovery mechanism caused nminfected midges at the mext
biting interval to become infected with BTV and transmit BTV to sheep.
Not only does this point out the importance of cattle as the reservoir
of the disease, but it suggests that other nminfected midge species,
which may or may not be able biologically to transmit BTV, could stimu-
iate BTV to appear in the peripheral blood of cattle and thereby promote

vector transmission.

HCST PREFERENCE

Three genera of Ceratopogonidae (Culicoides, Leptoconops & Forci-

pomyia) bite warm-blooded vertebrates (Kettle 1962). Only Culicoides
species are implicated in the transmission of BTV to sheep and cattle.
Bloodfeeding occurs only in females as is the case in all Nematocera.
It appears that most species are opportunistic {eeders, though several
are selective for specific hosts and feeding sites o the host (Kettle

1977) .



Humphreys (1969) and Tanner (1971) have extensively reviewed the
host preference of Culicoides and studied neost preference and feeding
activity of Culicoides in scuthwestern 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 attraction of midges to livestock in North America have
been conducted following an epizootic or in endemic regions in the west-
ern states {Jones 1961a, Jones et al. 1972, Jones & Akey 1977, Jones et

al. 1977). The most abundant species collected was Culicoides variipen-

nis (Coq.). In central New York State Culicoides biguttatus (Coq.),

Culicoides ocbsoletus (Meigen) and Culicoides stellifer (Cog.) were the

most abundant species attracted to pastured livestock (Schmidtmamn et
al. 198a). All four species occur in Virginia (Battle & Turner 1971).
Generally it is assumed that if a biting fly is collected from a
host or host trap the insect is seeking bloed from the host. It is
necessary to either collect the insect in the act of feeding or examine
bloodmeals Nserologically to be positive about the source of the blood-
meal, but for practical reasms bait traps indicate which species have a

particular affinity for a host.



PARQWS RATES

Potential disease transmission 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 defined as nulli-
parous (females that have not yet oviposited), engorged, gravid (have
eggs) »and parous (females that have oviposted at least oce). 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 redefine nulliparous and parous excluding engorged and gra-
vid females. I consider engorged and gravid females as separate stages,
because at the time of collection neither stage is actually part of the
population seeking a host and would not be considered potential vectors
at that time. Therefore, I define parous rate (PR) as the number of
empty females that have layed eggs at least mce (parous females (P))
divided by the sum of parous females plus the number of empty females

that have not oviposited {(nulliparous females (NP)) times 100.
PR= (100)( # P / # P+ # NP)

The sequence of reproductive events from nulliparous through
engorgement and egg maturation (gravid) to parous has been characterized
as physiological aging. 'Recently, Klowden and Lea (1980) have argued
that being physiologically old is not the same as being reproductively

old. This means that a nulliparous female may be physiologically quite



old, but may not be old with regard to ovarian development. They sug-
gest that gonotrophic aging be used to distinquish female reproductive
changes. I will use gonotrophic aging in this study to distinquish the
above sequence of ovarian development.

To examine the epidemioclogical risk (or vector potential) parous
rates are observed. The parous conditiom in Culicoides is usually dis-
cernable by: (1) Examination of the ovaries and associated uncoiling of
the tracheoles after oviposition (Detinova 1962), (2) Observation of
the abdominal tergite color change from clear (nulliparous) to burgundy
colored (parous) (Dyce 1969). The latter method is easier to use in the
field and therefore is used nere. For C. variipennis, a combination of
color change and a change in trilobed abdominal tergites (nulliparous)
(see Figures 8 & 9), to unlobed abdominal tergites (parous) is used

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

do not show a color change with aging and can omly be examined by Deti-
nova's method. Therefore, specimens must either be collected live or in
saline to prevent the drying of the ovarian tracheoles.

Though more precise methods of determining adult longevity are used
such as examination of ovarial dilatatims (number of egg layings) or
following a cohort through time, parous rates have been conveniently
applied to the study of adult longevity. Parous rates provide an esti-
mate of the average lagevity per average oviposition cyele, providing
that recruitment rate is somewhat constant (Birley and Rajagopalan

1981). Estimations of longevity using parous rates are limited by short



trap times and rapidly fluctuating environmental conditions. Because of
these limitatims parous 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 longlived compared to a multivoltine or uni-
voltine species which has low parous rates.

A species which has a high parous rate does not necessarily reflect
an epidemiological risk. Characteristics such as host preference other
than livestock, a seasmal cycle ocut of rhythm with BTV transmission, or
a low total number of parous females would tend to make a species epide-

mioclogically less important.

DISPERSAL

Numerical abundance is a dynamic characteristic of a population and
is not only affected by the emergence of adults and ault longevity, but
also by the movement of individuals. The movement of insects has been
reviewed by Johnson (1969) and for Culicoides by Jomson (1969) and XKet-
tle (1977). Maximum distance traveled varies with species. Some spe-
cies travel only short distances (74 m) and others 50 Km aided by the
wind. It has been suggested that outbreaks of BTV in Spain and Cypress
are caused by the windbome movement of midges from other countries
(Sellers et al. 1978, Sellers st al, 1979). Also, Glick (1939) col=-
. lected Culicoides as high as 4,000 m above the ground. Therefore, ver-
tical movement must alsc be considered an important attribute of BTV

transmission.



The term migration has been gererally defined as "the act of moving
from cme spatial unit to ancther" (Barker 1978). This broad definitim
has been used in an attempt to better understand the evolution of animal
migration and is not applicable to this study. The gereral definitiom
is dependent on a clear understanding of spatial unit which is n& an
objective of this study. Also, I make no distinction between appeten-
tial flignt (host-seeking) and undisturbed movemert from place to place
in an adaptive or evolutionary semse. Barker (1973) 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 definiticn, but because it follows the gereral
trend in entomology to define gereral movement away from a2 source as
dispersal.

The relationship between the age of an insect and when it disperses
is important when studying wector dynamics. Extensive literature exists
on ovarian development in biting Nematocera, especially mosquitoes, but
very little infomatiom is avaliable on the movement of different gono-

trophic ages. Nulliparous Aedes taeniorhynchus (Wiedemann) migrate as

son as they emerge (Provost 1952). Crans et al. (1976) found Aedes
sollicitans (Walker) to have a reduced tendency to migrate after ovipo-

sition. Parous Culiseta melanura (Coq.) were found to be farther away

from the breeding site than nulliparous females in the latter part of
the season when eastern Equine Encephalcocmyelitis virus was transmitted

(Morris et al. 198). Nulliparous Prosimilium mixtum Syme % Davies were
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found farther away from the breeding site than were parous females
(Jomson 1969).

Studies on the movement of Culicoides at differemt gonctrophic ages
are limited. Nicholas (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 information o the movement of midges of different
gonotrophic ages is known. Though, it has been suggested that parous

Culicoides impunctatus Goet. move relatively little (Jomsm 1869).

Since we base the epidemioclogical risk of a disease am the number
of parous individuals it is important that we subdivide the total
females into gonotrophic ages. Using this approach the movement of all
gonotrophic ages can be examined separately to get a better understand-
ing of the epidemiology, dispersal and evolution of life history tactics

for a given species.



Chapter III

SEASONAL DISTRIBUTION, ABUNDANCE AND HOST PREFERENCE OF CULICOIIES

INTRODUCTION

The Culicoides of Virginia and their geographical distribution has
been summarized by Battle & Turmer (1971), but studies on their seasmal
occurrence, abundance and host preference has been limited primarily to
those species inhabiting the forested regions of western Virginia (Mur-
ray 1957, Humphreys & Turner 1973, Tanner & Turner 1974, 1975). Other
studies on species known Lo be presemt in Virginia have been summarized
by Blanton and Wirth (1979).

Because there is a lack of knowledge of the species presernt in
other areas of the state and because Culicoides are important vectors of
livestock diseases (Kettle 1965), a study of these midges was conducted
in three of the five major physiographic provinces of Virginia. The
purpose of this study was also to examine the attractiveress of Culi-
coides to cattle and sheep and to associate those species attracted to
these animals with the total number of species collected in blacklight
traps. Then to relate seascmal abundance, host preference and age to

vector potential.

11
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MATERIALS AND METHOIB

Study Sites

One site was selected in three of the five physiographic provinces
of Virginia (Ridge & Valley Province (RVP), Piedmont Plateau (PP) and
Coastal Plain (CP) (excluding the tidewater area) (Hoffman 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 (Blue Ridge and Appalachian Pla-
teaus).

The RVP site was located on the VPI & SU farm in Blacksburg, VA
(41° 127 N 80° 26" W) at an elevatiom of 677 m. The trap site was
located between the VPI & SU Beef and Sheep Centers an Co. Rte, 314 in
a pasture with two small ocak-hickory woodlots approximately 20 :n2 each.
The nearest woodlot was 60 m from the trap site. Two small first order
streams as well as one impounded and 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 emtire area was well drained.

On the Piedmont, in Campbell Co., two sites were used in 1978 and
one in 1979. The Bemett farm ( 41° 2 N 73° 51' W), (used both years)
and the Farris farm (37° 16 N 79° 1" W) were at an alevation of 244 m.

Both trap sites were off Co. Rte 663. The Bemnett trap site was located
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in a pasture directly behind the main house in a pasture with a & m2
oak-hickory woodlot 33 m from the trap site., Six impounded first order
streams ranging from 2-10 acres were located within 500 m of the trap
site. This area was well drained as was the Farris farm. The Farris
farm was located 11 Km west of the Bennett farm and contained a continu-
ous mixture of oak-hickory woods throughout and two first order streams
150 m from the trap site. The trap site was 20 m from the barn. The
Farris farm had less pasture.

The CP trap site was located on the Redd farm in Suffolk Co. (36°
48’ N 76° w1 W) at an elevation of 11 m. This farm was off State Rte.
360, three miles west of Suffolk. The traps were placed directly behind
the main house in a pasture with the rearest mixed 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 were affected by tidal fluctua-
tims. Twelve 1-3 acre ponds were also located within 330 m of the site.

Drainage was poor.

Trap Type

The first trap used was a New Jersey light trap modified with a 4.7
cm circular blacklight and 64 mesh plastic screeming (placed around the
opening to inhibit the collection of large insects). The blacklight trap
was operated from 30 min pre-sunset to 90 min post-sunset mcee a week at

all sites (SS trap period). At the CP trap site an additimal light
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trap was operated from 90 min post-sunset to 0800 the r=xt day (RN). On
occcasim, additiacal traps were also run at the other two sites. When
the SS trap time and the RN trap time were combired 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). Collections Wwere made in half-pint masm jars
2/3 filled with 80% ethyl alcohol. Collections were poured through 50
mesh sieves which effectively removed the large insects, but nct the
midges. Samples were placed in 3.5 x 4.3 cm white emmel pans which had
been subdivided into 45 equal squares by raised beads of silicone rubber
caulking. Squares were selected at random and a minimum of 200 midges
were identified, This separatim and idemtification method was similar
to that used by Jamnback and Watthews (1963). Identificaticns to species
Wwere made using a binocular microscope (80x), and when recessary the
midges were dissected and mounted on slides in Hoyers media for identi-
fication using a Zeiss phase contrast microscope. Battle and Turner
(1971) and a revised key (Turner and Xnausenberger, unpub.) Wwere used
for all identificaticas.

Bait animals at all sites were cattle and sheep. At the RVP site a
382 Kg Angus steer and a 70 Kg Suffolk ewe were piaced 500 m apart in
1978 and 30 m apart in 1979. The steer was placed in the same locai;icn
both year, but the ewe was moved closer to the steer in 1979 to
decrease possible differences in caten due to si.te. In 1978 the black-

light trap was operated 100 m from the ewe and 40 m from the steer,
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while in 1979 the light trap was operated 45 m from the steer and 70 m
from the eswe.

At the PP site, during 1978, a 55 Kg Suffolk ewe was used as the
bait animal on the Bennett farm . It was placed 30 m from the blacklight
trap. A 80 Kg Angus calf was used on the Farris farm and positimed 30 m
from the blacklight trap. In 1979, both animals were lccated on the Ben-
nett farm, but a 100’Kg Holstein calf was used instead of the calf. The
distance between the bait animals in 1979 was 33 m and both were placed
approximately 100 m from the light trap. The blacklight trap was put in
the same locatiom both years.

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

In 1973, a 12 volt portable vacuum cleaner modified to trap small
midges was used to co/llect Culicoides from the balt animals. However, on
several occasims more midges were observed on the hosts than trapped in
the vacuum cleaner, so in 1979 the collectixm procedure was changed to a
drop trap over the animals (Figure 1). The drop trap (2.4 x 1.8 x 1.2m)
for the cow was made from 5.8 x 5.8 cm framing boards. Each side was
constructed separately to provide for portability and sides were bolted
together when in use. The top, front and back were covered with moanofi-
lamert Saran screening (44 x U4 mesh). On the sides the upper 30 cm
were covered with superclear Butyrate which overlapped the screening by

-

5 cm., This provided visibility as well as a slot to allow the use of a
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Figure 1.
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Cattle drop trap
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hand aspirator in collecting the midges from the trap. Midges are posi-
tively phototaxic and could be easily collected from the inside top and
upper sides of the trap. The cow was restricted from damaging the trap
by placing it in a stall consisting of four comer posts (10.2 x 10.2cm)
Wwith one hitching post (10.2 x 10.2cm). Two boards (2.5 x 10.2cm) con-
nected the posts to prevemnt sideward movemert of the cow. Calf and
sheep traps were similar to the cattle trap , but differed in dimen-
sims. The sheep were restricted from movement by being placed in a wire
cage (2.5 x 2.5cm mesh) before the drop trap was used.

Collections from the bait animals were made during the same time
period as the SS blacklight traps. Bait animals were covered until
trapping began at 30 min before sunset (SS-30). They were exposed Lo
midge attack for 15 min, the drop trap Wwas then placed over the bait
animals and midges collected for 15 ;zxin. This 15 min interval was log
enough for two people to collect all midges. This procedure was carried
out four times. Time periods were designated SS-3C, SS, SS+30 and S3+60.
Aftef sunset, battery operated head lamps were used to aid in the col-
lectin of midges. Midges were transferred into vials containing 80%
ethyl alcohel and preserved for later identificatiom.

The gonotrophic ages of all Culicoides were classified as either
nulliparous (NP), engorged (E), gravid (G) or parous (P). Parity for all
species except C. variipennis (Coquillett) and C. venustus Hoffman was
determined by the pigmertation method described by Dyce (1369), where

abdominal color changes from a clear white to a burgundy red as the
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female becomes parous. This method is nat accurate for C. variipennis
nor C. venustus, but it has been shown by Potter & Akey (1978) that the
abdominal tergites of C. variipennis change from a nulliparous conditim
of adark trilobed pattern to a completely dark appearence when parous.
Though engorged females were not classified as NP or P using Dyce's
method because of possible inaccuracy, C. variipennis could be further
classified as engorged NP (ENP) or engorged P (EP) using the tergite
method which does not rely on a color change similar to the color of
bloocd. Neither method could be used for C. venustus, because infomatim
a1 pigmentatio changes in this species is lacking. The classical tra-
cheolation tecmique (Detinova 1962) could not be substituted, because
collectims were made in alcohol which dries the ovarian tracheoles. C.
venustus were classfied as nmengorged (ME) or engorged (E).

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 comparisims between sites and species could be made {Ser-
vice 1976) and (2) weekly collectioms were transfomed to Log (N+1) to
examine trends in population abundance (Williams 1937).

Because bait animals varied in size, their weights were converted
to surface area using the formulas of Brody (1945), and number of midges
per square dec. was compared between bait animals.

Climatological data was obtained from the rearest Natimal weather
station to the trap site (RVP in Blacksburg, PP in Appomatox and CP at

Lake Kilby).
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RESULTS AND DIS CISS ION

Blacklight Traps

Of the 47 species of Culicoides recorded in Virginia, I collected
30 in blacklight traps. All species collected are listed by year, site,
trap time and reproductive status in Appendix A. Table 1 shows the five
most common sSpecies collected and average catch by site in 1978 and
1979. Of the remaining 25 species collected, C. mulrennani Beck (n=9)
from the CP site and C. ousairani Khalaf (n=1) were collected only from
the ’P site (Bennett farm) when additimal traps were operated all
night. Both species have been previously reported from 'Jirginiba (Battle
& Turner 1971) and would be expected to occur in all regims.

Tables 2,3 and 4 show the dates and numbers caught of the remaining
23 uncommon species. The eleven species collected at all sites were C.
alexanderi Wirth & Hubert, C. arboricola Root & Hoffman, C. bickleyi

Wirth & Hubert, C. crepuscularis Malloch, C. guttipennis (Coquil-

lett)(collected at the RVP site only when an additimal light trap was

operated at night). C. haematg_potz;xs Malloch, C. piliferus Root & Hoff-
man, C. sanguisuga (Coquillett), C. spinousus Root & Hoffman, C. testu-
dinalis Wirth & Hubert and C. travisi Vargas. The other 12 species were
absent from at least me site in both years. The presence or absence of
three species can be attributed to their seasmal distributiom and lar-

val habitat. C. furens (Poey) is a saltmarsh species and would only be



Table 1. Average number of most common Culicoides cvllected per trap time in bTacklight traps
during bait trap time periods, 1978 and 1979, in Virginia.

1978 1979

Species Coastal Piedmont Ridge and Coastal Piedmont Ridge and
Plain (12)* Plateau (15) Valley (Vi) Plain (18) Plateau (12) valley  (9)

C. biguttatus 10.33 2.13 0.18 9.33 17.33 2.78
C. obsoletus 1.83 7.67 16.27 0.08 18.25 5.55
C. stellifer 116.58 58.47 8.18 108.22 121.67 8.33
C. variipennis 43.25 1.40 0.18 105.22 6.33 8.11
C. venustus 13.33 3.33 1.27 5.61 4.25 0.67
All species 189.08 76.67 31.55 232.17 180.17 65.33

* Number of trap times.

02
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expected to occur almg the coast (Battle & Turner 1971). C. niger Root
& Hoffman is a coastal treehole species (Blanton & Wirth 1979) and was
not trapped at the RVP site and only trapped once at the PP site (Farris
farm). The third species C. jamnbacki Wirth & Hubert has a northern
distribution and would not be expected on the Coastal Plain (Battle &
Turner 1971).

The remaining nime species captured were C. bergi Cochrare, C.
baueri Hoffman, C. debilipalpis Lutz, C. hinmani Khalaf, C. husseyi

Wirth & Blanton, C. nanus Root & Hoffman, C. parapiliferus Wirth & Blan-

ton, C. villosipennis Root & Hoffman (only at night at the Bemnett

farm), and C. scanlconi Wirth & Hubert. They have been previously col-
lected in these three provinces, but in low numbers (Battle & Turner
1971).

Trapping in the three provinces showed that the total abundance of
all species decreased from the CP site to the RVP site (Table 1). This
can partially be attributed to differert habitat and climate. Moving
inland, the aquatic and semi-aquatic larval habitats of Culicoides
decreased as did the numbers captured. This was primarily due to drain-
age, trap locatiom and amount of soil water interface. The CP trap
locality had the poorest drainage and also contained several ponds and
marshy lakes in close proximity. The PP trap locality (Bemnett farm) had
good drainage but was surrounded by several impounded streams which
created excellent larval habitats for certain Culicoides species, espe-
cially C. stellifer. The RVP site had the least favorable larval habi-

tats and the lowest numbers caught.



TABLE 2. Dates of catch and(numbers cauaht)of culicoides species which were uncommon in
blacklight traps on the Coastal Plain during 1978 and 1979, in Virginia.

Species Year May June July Auaust September
C.alexanderi 1978 21(1)

1979
C.arboricola 1978 19(1) 15(1)

1979 10(1) 17(1) 20(1) 10(1)
C.bergi 1978

1979 17(1)
C.bickleyi 1978 19(4)

1979
C.crepuscularis 1978 26(2) 10(4) 6(1)

1979 16(1),17(5) 6(1),13(1) 4(1)

20(1) '

C.debilipalpis 1978 10(2),17(2)

1979 17(2)
C. furens 1978 26(1 10(4),24(1) 15(4),21(1)

1979 10(1),17(4 8(2),16(1) 20(2) 10(4)
C.guttipennis 1978 17(1)

1979 1(5)
C.haematopotus 1978 19(1) 10(2)

1979 17(2) 20(1)
C. niger 1978

1979 27(1)

(44



TABLE 2. cont.

Species Year May June July Auqust September
C.piliferus 1978
1979 1(5)
C. sanguisuga 1978 19(1) 21(2)
1979 17(2)
C. spinosus 1978 19(4) 10(2)
1979  27(1) 17(2) 1(5),17(2)
C.testudinalis 1978
1979 10(3)
C. travisi 1978 19(1),26(2)
1979 27(3)

€T



TABLE 3.

Dates of catch and (numbers caught) of Culicoides svecies which were
blacklight traps on the Piedmont Plateau during 1978 and 1979, in Virginia.

uncommon in

Species Year May June July Auaust September
(. alexanderi 1978 16(1)

1979
C.aroricola }g;g ;%) 1(6).27(4)
C.bickleyi 1978  16(6)

1979
¢ evepuscularis 1978 15(3) ;%’;‘ 125(6) ‘7%’)) ) .
C.debilipalpis %g;g 701)
C.guttipennis }g;g ;?g?),ZS(Z) 16(2) 3(1)
Ceiotis Mo AT e S
C. husseyt }g;g 18(3) 9(3)
C. jammbacki }g;g 18(6).26(2)
C.ptliferus o 18(3) 2(3),9(6),18(1)




TABLE 3. cont.

Species Year May June July Augqust September
C. sanguisuga 1978 25(8) 12(2)
1979 18(3),26(2) 27(4)
C.scanloni 1978
1979 18(3)
C.spinosus 1978 23(3) 20(1) 11(7)
1979 12(5),18(16) 9(3),18(1)
26(6)
C. testudinalis 1978
1979 18(5),26(2) 2(3),18(3)
C.travist 1978
1979 12(7),18(13) 9(7)

6¢



TABLE 4. Dates of catch and (numbers caught) of Culicvides species which were uncommon in

blacklight traps at the Ridge and Valley Province site, during 1978 and 1979, in Virginia.

Species Year May June July August September

C.alexanderi 1978 18%]])

1979 31(1)
C.arboricola 1978
1979 31(5) 6(3),19(1) 12(2)
C.baueri 1978
1979 6(16)
C.bergi 1978 14(2)
1979 31(1)
C.bickleyi 1978 18(11)
1979 31(12) 6(15)
C.crepuscularis 1978 18(7) 6(4) 10(1),31(1) 7(1),14(1)
1979 2(2),6(1)
19(19) 12(43) 2(3),10(1)
C.haematopotus 1978 6(2)
1979 31(3) 6(2) 12(2)
C. hinmani 1978 2(1)
1979
¢ jammbacki 1978 18(1)

1979

9t



TABLE 4. cont.

Species Year May June July August September
C.parapiliferus 1978 18(4)
1979
C.piliferus 1978 18(1)
1979 31(1) 6(5)
C. sanguisuga 1978 18(1) 6(1) 27(1)
1979
C. spinosus 1978 6(1)
1979 31(13) 2(2),6(36) 12(1)
C.testudinalis 1978
1979 31(1) 2(1)
C. travisi 1978 6(7)
1979 31(34) 6(121),19(4) 12(7)

LT



28

Potential larval habitats can be abundant, but rainfall is
recessary for larval survival. Rainfall has been shown to result in
inereased larval and adult Culicoides abundance (Kettle 1956, Davies &
Giglioli 1977) and in both years the amount of rainfall decreased from
the CP site to the RVP site (Table 5). 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 populatiom abundance by
decreasing the time recessary to complete larval development, hence the
gereration time. In both study years the mean manthly temperatures were
lower in the higher elevatims (Table 6), resulting in lower numbers
collected at the inland sites.

The importance of trap locatim 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 76.6 at the Bermett farm, but they were
located only 11 Km apart. The Bemnett farm contained several impounded
streams while the Farris farm did ncb. This could have accounted for the
low numbers collected at the latter farm.

The largest number of species was collected at the Farris farm (24)
(see Appendix A). This appears to be due to its locatim next to a more
or less continuous woodlot where several Culicoides species breed and
may not move out into open pastures. For example, five treehole species
were collected at the Farris farm compared to three from the other sites

during 38. If I included the night trap catches, five treehole species
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TABLE 5. Total rainfall (cm) recorded at nearest weather station
to trap sites from May 15 to Sept. 15, 1978 and 1979.

Year Site
Coastal Piedmont Ridae and VYalley
Plain Plateau Province
1978 8.57* 4,69 4.26
1979 7.20 6.61 5.13

* first week of August contributed Z2.59cm.



TABLE 6. Mean temperature (CO) recorded at nearest weather station to trap sites durina months
trapped, 1978 and 1979.

Site Year
1978 1979
MAY  JUNE  JULY  AUG. SEPT. MAY  JUNE  JULY  AUG. SEPT.
Coastal] ‘
Plain 18.0 23.2 24.5 26.5 23.0 19.3 21.2 24.5 25.5 21.9
. 2
Piedmont
Plateau 17.0 22.4 23.5 25.0 21.5 17.1 20.3 23.0 23.6 19.5
. 3
Ridge and 4.0 17.9  20.2  20.9  20.0 4.0 19.8 21.0 22.0 18.5
Valley
Province

1L ake Kilby
2Appomattox
3B]acksburg

o€
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were collected also at the Bemnett farm site. On the Bemnett farm, a
woodlot was located closer to the trap site than at the coastal plain
site or mountain site. This could have influenced midge movemert if
night conditims became favorable enough to cause outward movemert of
ﬁhe forest breeding species of midges into the ad jacert pastures. Move-
ment between habitats has been examined in mosquitoes (Bidlingmayer,
1971, Bidlingmayer & Hems 1981). They suggested that certain species
favored woods over pastures and many species may have restricted noctur-
nal flight in the open to the vicinity of their resting places. ' Wood-
land mosquitoes did not verture far from the woods and perhaps used the
woodland edge silhouette as a visual marker. This also could have been
the case for midges.

Examination of the five most common species provides further bio-
logical information (Table 1). C. biguttatus was more abundant at the
coastal plain site in 1978, more abundant at the PP site in 1979 and
least abundant at the RVP site (Table 1). This can be directly attri-
buted to its preferred larval habitats which include lake margins,
pools, stream edges, poorly drained mud, sand and decaying leaf matter
(Hair et al. 1966, Blanton & Wirtn 1979). These habitats decrease in
abundance from the CP site 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 not presemnt the results from the
RVP site because seascal patterns were similar to the PP site. Data

from the CP site provided information @ seasmal occaurrence and emer-
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gence of this species that is supported by the data from the other two
sites., This species occurred from early May to mid-July, and its ocaur-
rence was similar to that observed in Virginia by Murray (1357) and Mes-
sersmith (1966). At the CP site parous rates remained above 55% from
early June until they disappeared in July. There were no inverse fluc-
tuations in parity with numbers except perhaps on June 15 aﬁd July 10,
1978 and July 1, 1979. This suggests that fluctuations in numbers are
mainly due to trap catch variability and not to emerging nulliparous
females. If discrete emergences did occur, then parity would probably
drop when the populatim suddenly increased. Also, if emergences over-
lapped, the parous rates would fluctuate like those for C. stellifer
(Figure 4) and C. variipennis (Figure 5), without a. consistant increase
in parous rate. Because of the consistantly high parous rates, this
species is considered univoltirne in Virginia with a possible minor
emergence in early summer at the CP site. A univoltine phenclogy for C.
biguttatus also has been suggested by Scmidtmann et al. (19&a) in New
York State.

Culicoides obsoletus was most abundant at the RVP site in 1978 and

the PP site in 1979 (Table 1). The larval habitats of this species are
moist terrestrial habitats such as straw-manure, com composting stalks,
and moist leaf litter (Murray 1957, Jmes 19%1b, Jamnback & Wirth 1963).
This type of habitat related to moisture would suggest a greater abun-
dance at the CP site, but the range of this species does nct extend

further south than Temnesse {Jamnback 1965), and its absence from south-
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ern coastal areas of Florida (Blanton & Wirth 1979) suggest an affinity
for more northern type climates. Therefore, low numbers would be
expected at the CP site. This species occurred from May to at least
mid-September in Virginia (Figure 3) and its temporal distributim is
similar to observatims made in New York (Jamnback 1361).

Sixty-two percent of the total females collected were gravid
(n=660) . Similar catches occurred in three other species, C. crepuscu-
laris, 83% gravid (n=18) C. travisi, 81% gravid (n=242) and C. variip-
ennis, 37% gravid (n=2599). In England, Service (1%9a) found 21.2% of
the C. obsoletus to be gravid and similar results in cther Culicoides
species. In Washington State, Jorgemsen (1969) found that most of the

C. crepuscularis collected in light traps were also gravid. The exact

reasm for the high percertage of gravid females may be their distrac-
tion to the light source while flying to an oviposition site. Neverthe-
less, the high gravid rate made analysis of phenclogy difficult because
nunbers caught to assess parity were too low. The use of gravid females
has ncot been used to assess seasmal phenclogy, and perhaps its poten-
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 C. obsoletus were
collected of which 328 were gravid. This left ommly 230 females to assess
seasonal phenclogy. Figure 2 shows the nmumber collected and the parous
rates during this trap time. Numbers fluctuated over trap time and
increased concurrently with parous rates. Therefore, peak numbers were

not due to nulliparous females,



Females(Log N+1)

No. of

3~
1 . ‘Females
c———-%Parous
2.4 -100
= @
3
b o
—-50 &
©
2.
= e
1 0
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In order to assess the phenalogy of C. obsoletus I looked also at
the seasonal parous rates of females collected at all sites. Only once
on May 25, 1978 did the parous rate exceed 41% The parous rates for
1978 ranged from 8-41% and in 1979 from 8-31%. This suggests that this
species is continuously emerging in low numbers throughout the seasm
and possibly has low survivorship. The possibility of continuous emer-
gence 'is supported by the findings from New York State where C. obsole-
tus was observed to emerge continuously throughout the seasom and was
considered multivoltire (Jamnback 1965, Schmidtmann et al. 198a).

Culicoides stellifer was the most abundant species collected in the

blacklight traps in both years at all sites except in 1978 at the RVP
site where C. obsoletus was the most abundant (Table 1). The large num-
bers of C. stellifer collected at the CP szite and the PP site reflect
the proximity of their preferred larval habitat. These consist of
diverse freshwater soil types including ponds, streams and poorly
drained areas of mud and leaf litter (Murray 1957, Jmes 1961b, Hair et
al. 1966, Blanton & Wirth 1979). The PP site had several impounded and
wooded streams which were rear the trap site. The CP site had a high
water table which lef't water standing throughout the site much of the
time, while the RVP site had good drainage and few freshwater habitats,
hence fewer breeding sites.

Culicoides stellifer occurred from May until at least mid-Septem-

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

most other studies (Blanton & Wirth 1979). Figure 4 shows the seasmal
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abundance and parous rates of this species at the PP szite (SS) and the
CP site (AN) for 1978 and 1979. Cmtinuous fluctuatims in abundance
were observed as well as low fluctuating parous rates. Mean seasmal
parous rates ranged from 19-34% in 1978 and from 4-30% in 1979. These
results indicated that C. stellifer was multivoltine in 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
isolation studies, but in all attempts following established techmiques
for shipping Culicoides (Jmes & Scmidtmann 1980), the adults did nct
survive over two days. The low survivorship suggested that the high num-
bers collected may be explained by continuously large adult emergences
and the léw parity rates by low survivorship and continuous emergence.

Culicoides variipennis was the second most abundant species col-

lected in the blacklight traps at the CP site in 1978 and 1979, but at
the PP site and at the RVP site this species was the third and fourth
most abundant species, respectively (Table 1). These rankings can again
be attributed to preferred larval habitat. This species breeds in a
diversity of freshwater, saltwater and alkaline habitats, but most abun-
dantly in streams and ponds polluted with livestock excrement (Jones
1961, Hair et al. 1966, Blanten & 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 drained and wherever pasture depressims

and hoofprints were found there was a poterntial mixing of livestock
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excrement with standing water. At the PP sites and RVP site the pas-
tures were well drained which did not result in much mixing 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 &
Jones 198a). Blacklight trap data and parity results from the CP site
indicated that this species is lomg-lived and multivoltine in Virginia
(Figure 5). I did not present the results from the other sites because
the numbers caught were too small to be meaningful. The mmber of
females collected fluctuated over time and parous rates decreased as
numbers increased. The fluctuatims in females collected were similar
to C. stellifer, but C. variipennis had consistantly higher parous
rates. 4Mean seascnal parous rates ranged from 73-83% in 1978 and from
53-80% in 1979. These high parous rates persisted throughout the seasm
and were seldom recorded below 30%, suggesting that C. variipennis is a
long~lived continquusly* emerging species. Cmtrasted to C. stellifer,
C. variip énnis adults survived in the laboratory up to 14 days. Jomes
(1957) observed ault 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 1). It breeds in wet pastures, muddy
hoofprints of livestock, stream edges and swamps (Jamnback 1965, Hair et
al. 1966, Blanton & Wirth 1979). These habitats were most prevalent at
the CP site thereby accounting for an increase in numbers collected

there.
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Figur-e 6 shows the seasmal ocaurrence and abundance of this spe-
cies at the CP site (AN) in 1978 and 1979. C. venustus ocaurred from
May to at least mid-September and agreed with the seasmal occurrence
results of Murray (1957) and Messersmith (1966) in Virginia. Because I
did not determine parity fcer this species and used a once a week collec-
tiom schedule it was difficult to accurately assess the longevity or
voltinism of this species. This midge persisted throughout the seasm
in Virginia and had been reported to do so in Tennesse (Snow et al.
1957), New York (Jamnback 1965), Missouri (Chiders & Wingo 1968) and
Florida (Blantan & Wirth 1979), therefore it is probably multivoltire.
Its survivorship and potential bi-(or multi)-parity cannot be determined

until further studies are undertaken.

Host Preference

A total of 17 species and 3,661 individuals were collected from all
animal bait traps with 92% being taken at the CP site (Tables 7 & 8).
All species collected are listed by site, year, bait, and trap time in

Appendix B. Eight species, C. biguttatus, C. crepuscularis, C. furens,

C. obsoletus, C. sanquisuga, C. spinosus, C. stellifer, and C. variipen-
nis were collected in both years.

Eight times more Culicoides were collected from bait animals in
1979 than in 1978. Because no comparisam 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 Culicoides 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. arboricola 1 1
C.bickleyi 1 1
C.biguttatus 15 5 1 9 30
C.crepuscularis 2 1 3
C.debilipalpis 2 2
C. furens 1 1
C.guttipennis 1 1
C.hollensis 1 1
C.niger 1 1 2
C.obsoletus 1 2 2 1 6
C.sanguisuga 2 1 3
C.spinosus 1 1
C.stellifer 22 29 2 49 2 28 132
C.variipennis 200 28 1 1 230

Totals 245 65 6 54 3 41 414




A

TABLE 8. Number of Culicoidss species collected from bait drop
traps in Virginia during 1979.

Coastal Piedmont Ridge and Valley

Plain Plateau Province
Species Cow  Sheep Cow  Sheep Cow  Sheep Total
C.biguttatus 165 33 1 5 1 215
C.crepuscularis |1 1
C. furens 15 2 17
C.niger 2 1 3
C.obsoletus 3 1 4
C.piliferus 1 1 2
C.sanguisuga 1 1 2
C.spinosus 4 4 2 2 '1 13
C.stellifer 723 141 81 58 7 1010
C.travist 11 3 1 15
C.variipennis 1721 182 1 8 1 1913
C.venustus 14 6 2 1 53

Totals 2688 372 101 72 14 1 3248
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efficiency of each bait trap with the blacklight trap results during the
trap time periods using the the three major species collected in bait
traps. I used the CP site for the comparisam. C. biguttatus and C.
stellifer were slightly less abundant in the blacklight traps in 1979
but 7.2 and 7.7 times more abundant in the bait traps, respectively. Q.‘
variipennis was 3.7 times more abundant in the blacklight traps in 1979
and 8.3 times more abundant in the bait traps. These increases in catch
in the bait traps without a comparable increase in catch in the black-
light traps indirectly indicated that the drop trap was more efficiert.
A major factor which affects host attractiveress is physical size
(Downes 1962, Humphreys & Turner 1973, Koch & Axtell 1979a) with the
larger animal attracting the greatest number of insects. At all times
in this study when bait animals were in close proximity, the cow
attracted more midges than did the sheep. Because surface area is a
function of weight, this relatimship has been used to equalize size and
compare numbers attracted with surface area (Humpherys & Turner 1973).
But surface area-weight relatimships can be compounded by factors such
as age, temperature and activity of the host (Brody 1945). Thus, I
tested various fomulas presented by Brody to see if there was indeed a
direct relatimship between numbers caught and surface area. If so,
then most of the difference in catch would have been attributed to size.

The formulas used were:

1. 10 (weight of the animal wW)273 = surface area (S)
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2. 0.120% - s

3. 0.15W°56 S

The ratios between cattle and sheep were: 2.8 midges/dec2

2

vs 3.4/ midges

, for the first fomula, 2.07 txxicige:a/de-«:2 vs 3.08 midges/dt-m2 for
2

dec
the second fommula, 3.31 midges/dec2 vs 2.87 midges/dec” for the third
formula. The first and third ratios imply that the sheep attracted more
midges per unit surface area, and the second ratio suggested a direct
relatimship between numbers and surface area. As pointed out by Brody
{1945), one needs actual results to make any conclusions m whether or
not attractiveress is affected by weight alme (surface area). In this ‘
study I showed that one should use cautim in relating componerts of
attraction to surface ares fomulas.

It has been suggested that by placing cattle with sheep one
decreases the possibility of bluetongue virus transmissiom to sheep
because of a greater attractiveress to cattle (Nevill 1978). Cattle did

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

be investigated.

Species Collected

One C. arboricola (1NP, 5/29) was collected from the cow 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 (Blanton

& Wirth 1979), it alsoc has been observed on man (Smith & Varnell 1967)
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and rabbits (Humphreys & Turner 1973). 1Its absence from livestock and
blacklight traps (Appendix A) may be due to its arboreal habit rather
than omithophilic behavior as pointed ocut by Tanner & Turner (1974).

Culicoides bickleyi is considered to be mammalophilic, feeding on

man and goats (Wirth & Hubert 1962), but it also was collected once from
a turkey baited trap in Virginia (Humphreys & Turner 1973). Ore C.
bickleyi (1NP, 8/10) was collected from the sheep at the RVP site in
1978.

Culicoides biguttatus was the third most abundant species collected

from bait animals in Virginia. It is considered to be a gereral feeder
(Hair & Turner 1968) and nas been collected from livestock in New York
(Scmidtmann et al. 198a). In 1978 at the RVP site, nime females (4NP,
5E, 6/1, 6/22) were collected from the sheep, and one (1E, 7/18) was
collected from the sheep at the PP site. At the CP site five females
(3NP, 2E, 5/22-6/26) were collected from the sheep and five (SNP,
5/15-5/29) from the cow. In 1979, at the RVP site, one female (1E,
5/31) was collected from the cow. At the PP site 11 females (2NP, 2E,
TP, 6/12-T7/9) were collected from the cow and five (2NP, 2P, 1E,
6/12-7/9) were collected from the sheep.

Culicoides crepuscularis was collected only at the CP site., 1In

1979, two females (2NP, 5/22) were collected from the cow and one from
the sheep (1P, 6/26). Ore female (1INP, 6/17) was collected from the cow
in 1979. This is the first record from cattle or sheep. Previously, it

had been collected from man but is considered to be primarily omitho-
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philic (Blanton & Wirth 1979). It has been shown in Temmessee to prefer
the canopy at the forest edge (Snow 1955) and in Canada to prefer boral
forests over lakeshores (Bemnett 1960). This preference for forested
area is supported by the results obtained in Virginia. At the Farris

farm, which is partially wooded, C. crepuscularis was collected in large

nunbers in blacklight traps (Appendix A). At the other sites which con-
tained fewer woods, it was nct collected in large numbers. This could
be an important reasm for its nat being reported attacking pastured
livestock.

Two C. debilipalpis females (1NP, 1E, 7/18, 8/8) were collected

from sheep at the PP site in 1978. This species has been recorded from
chicken housés in Virginia and also reported to bite man and horses in
South America (Battle & Turner 1971). This is the first record of C.

debilipalpis biting sheep.

Culicoides furens, being halophilic, 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 (6MP, GE, 5/13-7/17) were col-
lected from the cow in 1979 and tw from the sheep (2NP, 5/13, 6/17). .:
is considered to be a gereral feeder (Hair & Turner 1968, Koch & Axtell
1979a) and is recorded here for the first time from domestic livestock.
Blanton and Wirth (1979) reported that C. guttipennis is a gereral
feeder, and in this study cattle are added to the list of hosts. Ore
female (INP, 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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afeas. It has been collected primarily in forest situations in Virginia
(Humphreys & Turner 1973). This could explain its lack of abundance at
pastured sites.

One C. hollenis female (1NP, 5/22), a halophilic species, was col-
lected from the cow at the CP site in 1978. Although it is an important
man biting species in salt marshes, it is considered to be more gereral
in host preference (Koch & Axtell 1979a). This study adds cattle to the
list of hosts.

Culicoides niger was collected only at the CP site. In 1978, one

female (INP, 5/15) was collected from the cow and cne (1NP, 5/15) from
the sheep. In 1979, two females (2E, 7/1) were colleted from the cow
and one (1NP, 6/17) from the sheep. This midge is considered to be
orthinophilic (Jamnback 1965), but it has been observed biting man in
South Carolina (Snow et al. 1958) and is recorded here from cattle and
sheep.

Culicoides obsoletus is known to attack domestic livestock (Jamnb-

ack 1965, Scmidtmann et al. 198a) and was collected in low numbers in
all three provinces in 1978 but oly at the PP site in 1979. In 1978,
at the RVP site one female (1E, 6/1) was collected from the sheep. Two
females (2NP, 7/25) were collected from the sheep and two (1NP, 1P,
6/13) from the cow at the PP site. At the CP site ome female (1E, 6/26)
was collected from the sheep. In 1979, three females (1NP, 2P, 7/2,

9/3) were collected from the cow and one (1E, 7/12) from the sheep.
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Culicoides piliferus appears to bte a gereral feeder (Blanton &

Wirth 1979), but this is the first time C. piliferus has been recorded
from cattle. are added to the list of hosts. In 1979, one female (1E,
5/31) was collected at the RVP site and one (1NP, 7/1) from the CP site.

Culicoides sanguisuga appears to be a gereral feeder (Humhpreys &

Turner 1973) and has recertly been reported from livestock (Schmnidtmann
et al. 19®a). It was collected in low numbers at all sites. In 1978,
one female (1NP, 6/1) was collected from the cow at the RVP site and two
(1NP, 1E, 6/29) from the cow at the CP site. One female (1E, 7/1) was
collected from the cow at the CP site and one (1E, 8/27) from the cow at
the PP site in 1979. ‘

Culicoides spinosus is considered to be mammalophilic, but it has

been collected from galliform birds in Virginia (Blanton & Wirth 1979).
Ore female (1NP, 6/15) was collected from the cow at the RVP site in
1978. In 1979, low numbers were collected at all sites. At the RVP
site two females (1NP, 1E, 5/31, 6/6) were collected from the cow and
cne (1NP, 6/31) from the sheep. Two females (2NP, 6/12) were collected
from the cow at the PP site and four (I1NP, 2E, 1P, 6/17-7/30) from the
cow at CP site. The sheep trap at the CP site collected three females
(1NP, 2E, 5/27-7/1).

Culicoides stellifer is considered to be mammalophilic (Scim idtmann

et al. 198a) but has been recorded once in a turkey baited drop trap
(Humphreys & Turner 1973). In this study it was the second most abun-

dant species collected from livestock. At the RVP site in 1973, more



51

females were collected from the sheep than from the cow. Two females
(1NP, 1G, 7/16) were collected from the steer and 28 (6NP, 2P, 18E,
6/1-8/17) from the sheep. In 1979, seven femalies (1NP, 3P, 3E,
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 away from the
midges rearest potential breeding site. A difference in host preference
also ocourred at the PP site. When the cow was moved to the sheep site
in 1979, where extensive breeding existed for C. stellifer, the cow trap
collected more. Two female C. stellifer (2NP, 6/13) were collected from
the cow in 1978 and 49 (31NP, 4P, 10E, 3G, 6/4-3/9). were taken from
the sheep. In 1979, 81 females (30NP, 24P, 27E, 6/12-9/3) were col-
lected from the cow and 58 (19NP, 1P, 38E, 6/12-9/3) from the sheep.

At the CP site in 1978, 22 females (19NP, 1P, 2E, 5/27-9/18) were
collected from the cow and 29 (6NP, 1P, 22E, 5/27-9/18) from the sheep.
In 1979, the numbers caught were much larger with 723 females (72NP,
23P, 1G, 627E, 5/21-9/17) collected from the cow and 141 (24NP, 8P,
109E, 5/21-9/17) from the sheep.

Culicoides travisi appears to be a gereral feeder (Blanton & Wirth

1979) and was recorded from sheep and cattle in 1979. Ore female (1G,
6/6) was collected at the RVP site and 11 (1N, 10E, 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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Culicoides 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 (1P, 7/6)
was collected from the sheep and nme from the steer. In 1979, one
female (1EP, 6/6) was collected from the steer, but nme were collected
from the sheep. At the PP site in 1978, one female (ENP, 6/10) was col-
lected from the cow. In 1979, one female (EP, 7/18) was ccllected from
the cow and eight (1NP, 1ENP, 6EP, 6/12-8/27) from the sheep. At the CP
site in 1978, 200 females (53NP, 4ENP, 115P, 26EP, 2G, 5/15-8/6) were
collected from the cow and 28 (6NP, GENP, SP, 10EP, 1E, 5/15-8/21) from
the sheep. In 1979 1,721 females (158NP, S19ENP, 215P, T16EP, 113G,
5/13-3/17) were collected from the cow and 182 (8NP, 95ENP, 11P, 68EP,
5/21=-9/10) from the sheep. One male was coliected from the cow.

Culicoides venustus was collected only from cattle and sheep in

1979. At the RVP site me female (NE, 7/19) was collected from the cow.
At the PP site two females (2E, 7/2, 7/18) Wwere collected from the cow.
Forty-four females (32NE, RE, 6/17-8/20) were collected from the cow
and six (5ME, 1E, 7/1-9/10) were collected from the sheep at the CP
site. The host preference of this species was unknown until Scmmidtmann
et al. (1980b) collected them ifx bait traps after dusk. It appeared
that their absence from bait traps at dusk was due to their nocturnal
feeding behavior. The lack of catch in vacuum traps in 1978, but nct in
drop traps in 1979 suggests that differences in trap efficiency may have

influenced catch in Virginia.
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Thirteen fewer species of Culicoides were collected in bait traps
than in blacklight traps. All 13 species collected in the blacklight
traps but not in the bait traps were collected in low numbers for two
years (4% total). The host preference of four of the species collected

is unknown. They are: C. husseyi, C. jamnbacki, C. parapiliferus and C.

namis. Three species are only known to bite man. They are: C. alexan-

deri, C. bergi and C. baueri. Two are omithophilic: (C. scanloni and

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

dinalis, and three, C. haematopotus C. mulrennani and C. 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 due to low populatims in the area of trap

placement.

Activity Period

Most species of biting midges are considered to be crepuscaular,
although some are nocturnal (Kettle 1977). Activity patterns can be
dependent o environmertal conditims such as temperature, wind and hum-
idity. The degree of influemnce of these factors can vary with the spe-
cies. Table 9 shows the activity of the four most abundant species col-
lected in bait traps. Activity of both C. biguttatus and C. variipennis
peaked at SS+30 (Table 9). This was also the case in a comparisom of
bait traps with the blacklight traps (Table 10). The mumber of C. stel-

lifer collected was similar for the first three bait trap times and
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decreased at SS+60 (Table 9). During the compariscm between blacklight
traps and bait traps this species was more abundant at SS+30 (Table 10).
C. venustus was most abundant after sunset in all traps (Tables 9 & 10).

Only C. venustus, which was nocturnal in host activity, had an
increase in catch at SS+60 for both bait traps and light traps (Table
10) . At the CP site, 87-90% of the total seasmal catch of this species
in blacklight traps was taken from SS+30 to 0800 (RN). This is in agree-
ment with a nocturnal activity pattern; assuming no large morming peak.
Based on bait trap collectims at the CP site, the activity of C. bigut~
tatus peaked at SS+30, but light traps collected 86-94% of the total
catch from SS+90 to 0800. Nocturnal activity was also recorded by Wil-
liams (1955). He also used light traps and found C. biguttatus to be
most abundant after midnight. 1In this study, I observed a continuatim
of nocturnal activity for C. stellifer with 79-87% of the total catch
occurring during the RN trap time.

The activity of C. variipennis has been examined using sheep and
man as bait (Jones 1961, Foulk 1969). Both investigators found C. variip-
ennis to be most active at dusk. I observed similar results in this
study. CO2 traps are considered attractant traps, and Nelson and Bel-
lamy found them also to collect more C. variipennis at sunset. Nelsm
and Bellamy (1971) and Barnard and Jomes (198b), using truck traps,
concluded that there was a crepuscular peak in activity, but there was
also an inerease in nocturnal catch in mid-summer. Barnard and Jmes

(19800Db) attributed the increase in night catches to delayed activity due



TABLE 9. Most common Culicoides collected 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. biguttatus 26 72 104 32
C. stellifer 368 366 343 66
C. variipennis 53 354 1403 333

C. venustus 1 1 26 25
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TABLE 10. Common Culicoides collected from bait animals compared to
blacklight traps at sunset minus 30 minutes (SS-30), sunset
(SS), sunset plus 30 minutes (SS+30), and sunset plus 60
minutes (SS+60) during the comparison test on the foastal
Plain in Virginia, 1979.

Species Trap SS-30 SS SS+30 SS+60
BLT 0 0 30 1
C. biguttatus Cow 0 0 17 2
Sheep 0 0 2 1
BLT 31 119 1172 355
C. stellifer Cow 8 33 91 29
Sheep 4 6 6 3
BLT 4 30 183 164
C. variipennis  Cow 2 49 198 71
Sheep 0 1 4 7
BLT 1 5 28 37
C. venustus Cow aQ 1 14 17
Sheep Q 0 2 2




to high temperatures. This may have been a determining factor in the
continuation of activity after dark of this species in Virginia. Light
traps collected from 76-92% of the total catch of C. variipennis during
the RN trap period. The factors that influence a continuatiom of flight
activity as indicated by the blacklight traps are nat known, though they
probably involve more than light intemnsity.

Differences in catch between trap types are frequertly reported for
Culicoides (Hill 1947, Bidlingmayer 1961, Service 1969b, Linley et al.
1970, Tanrer & Turner 1975, Klire & Axtell 1976). Attractiveress to
shape (Bidlingmayer & Hems 1979) or color (Hill 1947) could be inhibited
by darkness when the host animal is not visible. The light trap would
be attractive after dark (less attractive before this period) and con-
tinue to collect active species, thereby explaining the differences bet-
ween trap catches. The nmattractant truck trap used in cther studies,
would be seeking the insect rather than visa versa. This could be
another important difference. If visual cues are important, a nocturnal
species like C. venustus would have to possess host-seeking senses dif-
ferent from other species. Perhaps C. venustus is better able to detect

a component of host odor or exnaled CO, from the host for an ad aptive

2
nocturnal host-seeking activity. It would be of interest to examine the
sensory receptors of day-flying, crepusailar and nocturnal Culicoides to

see if a morphological adaptation exists that is related tc host-seeking

activity.
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Other environmental parameters could bde important in the flight
activity of Culicoides. For example, temperature has been shown to
influence flight patterns of many species of biting midges (Fontaine et
al. 1957, Kettle & Linley 197, Kettle 1%69) but not for C. impunctatus
(Reuben 1963). Kettle (1969) presented evidence suggesting that the
effects of temperature on biting rates of Culicoides may depend on its
magnitude. He showed a positive correlatiom between temperature below
21°C and biting rates, independert correlatiom between 21-24°C and a
negative correlatiam above 24%¢,

In this study, C. stellifer appeared to show similar trends in
relation to temperature. When I examined the results of the comparison
test, a larger catch ocaurred at SS+30 (Table 10) rather than similar
catches at SS-30, SS and S3+30 as occurred when the the seasmal results
were examired (Table 9). The comparismm 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 or SS.
On two nights the temperature at sunset was <22°C and results were simi-
lar for the first three trap times and showed a decrease at SS+60. On
the other two nights temperatures were <22°C, but numbers were too low
for comparisiam. This suggests that flight was inhibited when tempera-
tures were >25°C, but as the evening progressed and temperatures
decreased, flight behavior was initiated. This behavior is similar to
that suggested for C. variipennis by Barnard and James (198b). Alt-

hough this trend was not observed forother species in this study, the
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effect of temperature and other climatic conditiocns are nct mutually
exclusive and trends may be hidden by such factors as rainfall, humid-
ity, illumination etc.. Also, effects may be species dependert as in
mosquitoes (Haufe 1966), and climatic factors may nct completely explain

the activity patterns of insects at night (Haddow 1966, Reuben 1963).

Comparison between Traps, Trap Time and Gonotrophic Age

The first comparisen I made was between blacklight trap time per-
iods at the CP site for the three major species collected in 1978 and

1979 ( C. biguttatus, C. stellifer & C. variipennis ). Trap times were

SS and RN. Results showed no differemnce in gonctrophic age between trap
times for C. biguttatus and C. variipennis, but a.significantly younger
portion of the C. stellifer population was collected during the SS trap
period (Table 11). Bait traps were subdivided into four time periods,
and in 1979, light traps were subdivided into the same four periods om
eight occasims. Therefore, the 1979 catches could be used in support
of the above results. The four bait trap periods showed an increase in
parity for C. stellifer from 13%-45%. The parity of females collected
at SS+60 was significantly differernt from SS-30 (p <0.019), barely nm-
significant from SS (p<0.058) and nmsignificant from SS+30 (p<0.1%G).
The parity of females collected during the other trap time periods were

not significantly different from each other. Combined results from all
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sites showed no significant differences in parity between the four bait
trap time periods, but parous rates were 24.0%, 20.0%, 20.0%, 36.0%,
respectively. Subdivided blacklight trap catches from the comparisim
test showed a progressive increase in parity on seven of the eight trap
dates. These results further suggest that the flight time for C. stelli-
fer differed with age.

The second comparisan was made between cattle and sheep. I mly
used data from those nights when both bait traps collected midges (Table
2). C. biguttatus and C. stellifer showed no difference in age of
catch at the CP site , but C. stellifer did show a difference in age of
catch at the PP site. A significantly higher parous rate was observed
for C.stellifer from the cow trap (p<0.001). I could only analyze the
collectims of C. variipennis at the CP site because of low numbers col-
lected at the other two sites. In 1978 and 1979, the cow attracted an
older populatim (p <0.087 & p <0.001, respectively).

The final comparison was made between bait animals traps and light
traps which were run during the entire SS trap time. It was done for C.
variipennis at the CP site (1978 & 1979) and for C. stellifer at the CP
site (1979). In all tests there were no significant differences in age
of midges collected from the bait animals.

It has been shown in cther biting flies that the gonctrophic age of
the catch can differ depending on trap type, trap location and trap time
(Duke 1960, Davies 1963, Service 1976). For biting midges in Africa,

Walker (1977) found no difference in age of catch using suctim traps,



Table 11. Gonotrophic condition of midges collected in blacklight traps run at sunset (ss)

and the remainder of the night (RN) in Virginia, 1978 and 1979.

1978

1979

Species SS RN p**

C.biguttautus 117(68.4)*  277(70.0) 0.743
C.stellifer 1378(31.1)  5446(38.1) 0.001
C.variipennis  298(73.2) 1191(57.2) 0.559

SS RN p

149(61.7) 998(56.4) 0.219
1934(29.4) 13,716(36.1) 0.001
1217(53.1) 4039(55.5) 0.139

* Number collected and (parous rate).

** P yvalue of Chi Square test for differences in parous rates

19



Table 12. Gonotrophic condition of midges collected in traps baited with a sheep or cow in

Virginia, 1978 and 1979.

A S —— e i e e

1978 1979
Species Cow Sheep p** Cow Sheep p
C. biguttatus 5(0.0)* 3(0.0) n.s. 9(78.0) 6(83.0) n.s
C.stelli{ér 20(5.0) 7(14.0) n.s. 95(25.0) 32(24.2) n.s
(Coasta
Plain)
’U.sbeZZifér - - - 50(44.4) 20(5.0) 0.001
(Piedmont
Plateau)
C.variipennis 201(71.6) 27(55.6) 0.087 1721(57.9) 182(42.9) 0.001

* Number collected and ( parous rate).

** p value of Chi Square test of differences in parous rates.

[4°]
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CDC traps and Monks Woods traps for Culicoides pallidipennis C.,I.& M.

and Culicoides schultzei (End.). However, Dwal (1971) found nullipa-

rous Leptoconops spinosifrons (Carter) more active during the middle of

the day, and Dyce and Standfast (1972) found Culicoides marksi Lee &

Reye flying earlier in the evening. Recently, Nathan (1981) observed

older female Culicoides phlebotomus (Will.) flying later in the even-

ing. Results here indicate that the flight behavior of C. stellifer is
similar to that of C. marksi and C. phlebotomus. Also, because an alder
porticn of the C. stellifer population was attracted to the cow at the
PP siteand nct at the CP site, I suggest that trap locatiom can also
influence the gonotrophic age of the populatiom collected. The differ-
ence in gonotrophic age of midges collected from the cow and the sheep
for C. variipennis is unusual and could play an important role in the

control of BTV (see page 75).

Vector Potential

The characteristics of an insect that make it an effective vector
include pathogen receptibility, host preference, lmgevity, frequency of
feeding, mobility, numbers and physiological and behavioral plasticity
(James & Harwood 1969). In this study, I examined host preference, num-
bers collected and longevity. Seventeen species of Culicoides were col-
lected from the bait animals, but mly four were collected in large

enough numbers to obtain data on seasmal abundance and parity to allow
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speculation on their potential involvemert in BTV virus transmissio.
C. verustus was collected throughout the seasam. It was presert during
the time of year when BTV virus outbreaks have occurred. But, no records
of its previous involvemert are available, and Jmes (pers. comm.) has
shown, in his laboratory, that C. venustus would nct successfully tran-
smit BTV. Therefore the potertial for BTV transmission in C. venustus

would appear to be low.

Culicoides biguttatus was an early summer sSpecies occurring in high

numbers and with high parous rates. Its potertial disease transmissim
is limited because of its absence in late summer and early fall when BTV
outbreaks occur. But, it may be involved in a spring amplification of
BTV or perhaps it promotes the reertry of the virus into the peripheral
blood stream of cattle and sheep.

The second most abundant species collected on host animals, C.
stellifer, occurred in high numbers throughout the year, but it had low
parous rates and appeared to have low adult longevity. This species
should be examined further in relatim to pathogen receptibility to see
if it can transmit BTV.

The vector potertial of C. variipennis is highly dependert m the
biting behavior of the parous females since transovarial transmissia is
unlikely. Nevill (1978) suggested that cattle, because of their high
level of attractiveress to Culiccides, can be used to prevert BTV tran-
smissio to sheep is supported in this study by the fact that a larger

portion of the parous females are attracted to cattle rather than to
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sheep. C. variipennis was abundant throughout the year, had high parous
rates and was longlived. These results and its known involvemert in BTV

transmission make it the prime candidate for further studies m vector

efficiency in Virginia.

SUMMARY

Blacklight Traps

Culicoides collected in Virginia during this study were affected by
trap site, trap location and geographical region. Thirty species were

collected in blacklight traps with C. biguttatus, C. obsoletus, C. stel-

lifer, C. variipennis and C. venustus being most abundant. C. bigutta-

tus was univoltine with a possible second emergence in early to mid-sum-
mer at the CP site. (. obsoletus appeared to be multivoltine with
parous rates ranging from 8-41%. Low numbers were collected throughout
the year, and 663 of the total females collected were gravid. The most
abundant species collected in blacklight traps was C. stellifer. Mean
seasmal parous rates ranged from 4-30%. Coatinuously high populatims
showed that this species was multivoltine. Also, C. stellifer adults
appeared to have a short logevity.

The second most abundant species in blacklight traps was C. variip-
ennis. It was multivoltine, had nigh mean seasmal parous rates ranging

from 53-83% and adults appeared to have a long survivorship.



Culicoides venustus was presernt during the entire seasm(s), but

since parity was not determined, I can omly assume that it is multivol-

tire.

Host Preference

Seventeen Culicoides species totaling 3,661 adult Culicoides were
collected from sheep and cattle bait traps. The major species collected

were C. biguttatus, C. stellifer, C. variipennis and C. venustus. The

drop trap was more efficiert than the vacuum trap and cattle traps col-
lected more midges than did sheep traps. Physical size appeared to be

the major factor in numbers caught.

Activity Period

In bait trap collectims, Culicoides biguttatus and C. variipennis

were more active at SS+30, but light trap collectioms indicated that a
portiamm of the populatim was active all night. Blacklight trap collec-
tims indicated that C. stellifer was also active at night, but showed
similar attractiveress to bait animals for the first three trap times
(SsS-30,3S,38+30) with a sharp declire at SS+60. However, during the
comparison test when temperatures were above 25°C, flight activity

peaked at SS+30. Culicoides venustus was nocturnal and more abundant in

bait traps at SS+60.
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Comparison Tests

Blacklight trap and bait trap results indicated that a younger por-
tim of the C. stellifer populatiom began flight activity earlier in the
evening. This was not the case for the other major species. An older
portion of the C. variipennis females was attracted to the cow at the CP
site. For C. stellifer, older females were attracted to the cow at the
PP site. This suggests that site influenced the gonctrophic age of
catch. There was no differences in relatim to gonctrophic age between

bait traps and blacklight traps operated during the same trap period.

Vector Potential

Because C. variipennis was collected in large numbers, had anigh
parous rates, had a lomgevity greater than cther midge species collected
and had been previously reported to be involved in BTV transmissia, I
decided that this species was the most important species for continued
studies in Virginia. But, I recommend that more work bte done o the
biologies of C. biguttatus and C. stellifer in order to assess their

potential involvement in BTV transmissim.



Chapter IV

A MORPHOMETRIC STUDY OF CULICOIDES VARIIPENNIS

Introduction

Culicoides variipennis (Coq.) is a proven vector of Bluetongue

virus to sheep and cattle in the U.S.A.(Luedke et al. 1967), 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 were serologically positive
for BTV antibodies (unpub. report, Virginia Dept. Health). These
results, coupled with the lack of biological infomatim o cther
aspects of its vector potential, led to population studies at an iso-
lated breeding site in Saltville, VA (see Figure 2).

,Tbe populatiom of C. varipennis in Saltville may nct be the same
species that I have designated C. variipennis in the rest of the state,
Originally there were considered to be five subspecies in the C. variip-

ennis complex. Two sSubspecies ocecurred in Virginia, C. var. australis

in Saltville and C. var. variipennis in the rest of the state. (Wirth &

Joanes 1957). Other authors have suggested that the character, adult

Size, used to separate the subspecies varied with habitat (Rowley 1965,
Atchley 1967, Childers & Wingo 1968). The unreliability of adult size
for taxoncmic separatim of C. variipennis into subspecies was further
examined by Hemnsleigh and Atenley (1977). They concluded that the sub-

species classificatim be dropped until further taxonamie work was con-

68
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ducted. More recertly, Downes (1978) proposed that there were actually

two distinct species, C. occidentalis in Saltville and C. variipennis in

the rest of the state. A major reasm for the two species hypothesis
was that no intermediates existed between the two species.

To determine whether I was dealing with ancther species in Salt-
ville, I examined the potential wvariability of C. variipennis using a

morphometric analysis of adult size.

Materials and Methods

Mud samples containing pupae of C. variipennis were collected from
six sites in Saltville, Virginia (36° 52' N, 81° 52' W) and one site
(site 7) 54 Km away in eastern Virginia (36° 48' N, 76° 41' W). Sites
are described in Table 13. Four collectims were made 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 Virginia. Samples were placed in
clear plastic bags which were placed in half gallm size cardboard ice
cream cartons. A e pint cardboard ice cream cartam containing an
inverted funnel was attached to the top which served as an emergence
cage. Mud samples were kept at 22°¢. Emerging adults were collected
from R2-48 hrs post mud sample collectim and placed in 80% ethanal.
Twenty-five females from eachcollectimn were dissected for measuremert
by removal of the head, one wing, and the abdomen. Parts were arranged
on microscope slides in order of decremsing part size with four glass
chips placed m four sides to decrease distortimm (unpub., method 1959,

W. Wirth). Insect parts were cleared and mounted in Hoyers medium.
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TABLE 13.Habitat description and salinity range for sites of Culicoides

P - . . . @ T
variipennis collections used in morphometric analysis in Vir-
ginia, 1979.

Site Habitat Salinity (0/00)

1 5 acre pond. 5-10

2 Along 1m 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 Tong drainage ditch; width 12-33
at this point 33m. Back flow from
freshwater creek and seepage from old
brine well.

6 30-60cm pool; old well head with 10-12
! active underground seepage.

7 Temporary mud-manure pool (4x3m). 0
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Twelve adult characters were measured (Table 14). In previous
variability studies by Henmsleigh and Atchley (1977) all 12 characters
were significant. They all have been used previously in Culicoides tax-
anany (Battle & Turner 1971). Measuremernts were made with the aid of a
Zeiss phase contrast microscope equipped with a calibrated oaular
micrometer.

Four environmental parameters were mmitored over a three week per-
iod prior to each sample collection. Maximum and minimum air tempera-
tures and rainfall were measured daily. Salinity was measured with a
YSI Model 33 ;alinaneter once a week. A three week developmental period
for larvaeand pupae was assumed (Jmes 1957, 1964). Weather data at
the eastern Virginia site were taken from Lake Kilby Natimal Weather
Statim, located approximately 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. It should be noced that the first collec-
timms of the year were remnants of the overwintering populatims.

Factor analysis was used to analyze data (Atchley 1971, Hersleigh &
Atémly 1977) . Factor analysis "attempts to isolate and idemtify the
morphogeretic forees that interact to produce the organism phenctype”
and creates smaller subsets of cormrelated variables (Atchley 1971).
These subsets are called factors and ae made up of all the original
characters. The original characters explain a certain amount of the
variance of each factor and the amount that is explaired is called the

loading. Raw data could potertially increase the explamatiam of varia-



Table 14. Morpholoaical characters measured in taxonomic analysis

of Culicoides variipennis populations in Virainia, 1979.

— ek
Ny —

ek
DWW ~NOULB WM —

. Wing length (WL)

Wing width (WW)

. Costal length (CL)

Length of the first 8 antennal segments (FA)
Length of the last 5 antennal segments (LA)

. Length of the third maxillary palp (LM)

Width of the third maxillary pvalp (WM)

. Head length (HL)

Proboscis length (PL)
Length of the 15th (distal) antennal segment (LD)

. Width of the 15th (distal} antennal segment (WD)
. Length of the hind femur (LF)
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bility by adding common variances from differert variables. The use of
factor analysis eliminates this poterntial problem and examires more com-
plex variability. Orthogonal rotatim of factor scores was used because
it assumes no correlatim between variables (Atchley 1971). Factor ana-
lysis was also performed on the environmental variables.

StepWwise multiple regressim was performed on measured characters
and environmental parameters.

Posterior probability of membership in each site was determired by
discriminate analysis (Hemsleigh & Atchley 1977). It was used to exa-
mine whether an insect would have come from its original Site of collec-
tim, if the site was not known. Measured characters from midges within
a site are used to create a lirear functio for each site. Then all
midges (measurements of characters) are fitted to all lirear models. If
a midge fit the lirear functim of its original site the best then it
Wwas a positive posterior idemtificatim and if not it was a negative
posterior identificatiom. This is called the determination of posterior
probability of membership in sites.

All statistical procedures were carried out at the VPI & SU Cocmpu-

ter Center using SAS (Helwig & Council 1979).

Results and Discussion

Five hundred and severty-five midges were measured. No mud 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 factors
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(I,II,III) were extracted from the 12 morphological characters measured
(Table 15). Factor I was highly loaded by all characters except the
length and width of the distal antemal segmert’. Factor II was highly
loaded by the }.er)gtb of the last five antemal segmerts and the length
of the distal antemnal segmert. Factor III was highly loaded by the
width of the distal segmert. The proportimal contributios of commm
variance (eigenvalues) were 5.94, 1.92 and 1.04 respectively and
explained 49.51% of the total variance for factor I, 16.01% for factor 2
and 8.69% for factor III.

I then used factor scores as mew variables and prefomed an analy-
sis of variance (ANOVA) with date, sit':e and date-site interactim as
the main effects. In all ANOWAs the three main effects were highly sig-
nificant (p<0.001). This associatim is further shown in Figures 7 and
8, for the four sites from which four successful collectimms were made.
Characters changed at each site over time and varied between sites m
the same date. There was a gereral decrease in size over the ertire
time period, but some characters increased in size am August 29 in Salt-
ville. This was the time périod when temperature was the highest and
smaller adult size would be expected (Linley & Hinds 1976, Hemsliegh &
Atchley 1977). However, it has been shown for other organisms that maxi-
mum size can be acheived both at high and low temperatures (Precht et
al. 1973).

Environmerntal parameters (rainfall, minimum temp., maximum temp.

and salinity) gererated two factors (Table 16). The first factor was



TABLE 15.Varimax rotated factor matrix and final communality estimates (hx) of 12 morphologi-
cal characters for Culicoides variipennis.

Variable Factor I Factor 1T Factor ITT (hy)
1. WL 0.9425 0.1269 -0.0992 0.9143
2. WW 0.8360 0.1298 0.0375 0.7171
3. CL 0.9320 0.1314 -0.1081 0.8976
4. FA 0.8849 0.1371 -0.0705 0.8068
5. LA 0.3728 0.7928 -0.0724 0.7728
6. LM 0.8145 0.1839 0.0512 0.6998
/7 WM 0.4620 0.2283 0.2394 0.3229
8. HL 0.6426 0.3524 0.0229 0.5376
9. PL 0.7015 0. 3866 0.1046 0.6525
10. LD 0.0451 0.9227 0.0450 0.8554
11. WD -0.0393 -0.0174 0.9677 0.9381
12. LF 0.8821 0.1088 0.0115 0.7901
Eigenvalues 5.9414 1.9207 1.0430
% variance 49.51 16.01 8.69

explained

6L
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Figure 7. Seasonal changes in morphometric characters of Culicoides variipennis.
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highly loaded by the temperature variables and the second by rainfall
and salinity. The proportimal contributicms to common variance were
2.04 for factor I and 1.36 for factor II, explaining 51.2% and #.0% of
the total variance respectively.

Results of the stepwise regressiom for the morphometric size factor
I are presented in Table 17. Factors II and III are nct presented
because all r2 values were lower than 0.26 (X=0.06). The explanation of
variance for size factor I was highly correlated with the temperature

factor(I), and r

varied with site. Only sites Y4 and 5 showed a signi-
ficant contributiom to the variance explanatiom by the rainfall and
salinity factor (II). These two sites had the highest salinity, and
this may have contributed the significance of factor II.

The possible role of salinity in determining size has been alluded
to but not tested ( Wirth & Jaes 1957, Hemsleigh & Atchley 1977). I
examined the role of salinity in this study, as well as the associatim
of size change with me or the other temperature parameter, by stepwise
regressim using the morphometric factor scores and the four environmen-
tal parameters without the gereration of factors (Table 18). The use of
maximum or minimum temperature in all models appeared to be due to the
presence or absence of a cold water source. Models forsites 1, 4, 6
and 7 were related to maximum temperature. The first three sites were
small , and site 7 was located in a backwash of a pond. All four sites

could have been influenced more by maximum air temperature because smal-

ler pools heat up more rapidly. Minimum temperature was used in the
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TABLE 16.Varimax rotated factor matrix and communality estimates (hx)
of four environmental parameters.

Variable Factor I Factor II (hy)
1. Rainfall 0.3130 0.7692 0.6896
2. Minimum temperature 0.9856 0.1622 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

explained
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Table 17. Stepwise regression of size factor I with temperature factor(I)

and rainfall-salinity factor(II) for C. variipennis

Site Fe 2 Model
] 113.0(1)%*=* .54 Y = 0.313 - 0.469(1)
2 10.80(1)** .13 Y = 0.268 - 0.17(I)
3 134.17(1)*** .73 Y = -0.256 - 0.922(I)
4 59.6(1)*** .68 Y = -0.255 - 0.498(1) -
49, 3(11)*** 0.592(11)
5 556.18(1)*** .89 Y = -0.739 - 1.04(I) -
49, 3(IT)**= 0.949(1I1)
8 195.3(1)*** .66 Y = 0.103 - 0.870(I)
7 15.79(1)%** .25 Y = 0.188 + 0.415(I)

** 5 <0.007, **=* p <0.000].
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models for sites 3 and 5. Site 3 was influenced by a cold mountain
stream, and‘ site 5 was located in a wide backwash of an open ditch inun-
dated by cool, underground seepage from old brire wells and a freshwater
stream. Site 2 was located at an open ditchconnecting sites 3 and 1,
whichcontained continuously flowing water and was amly correlated with
salinity (r2=0.16). At this site, the low variance explanation (r‘2) and

low rz

from the factor-factor regression (Table 17) suggest that other
unexplained parameters influenced changes in size of the adult insect.
Sali;iity, when present, significantly contributed to regressims (Table
18) . Results implied that salinity contributed to adult size. Labora-
tory studies are now recessary to prove this conclusively.

To determine if the C. variipennis populaticms could be taxonami-
cally separated as species, even with this large amount of variability,
I utilized posterior idermtification procedures between all sites and
between the pooled midge population at Saltville and the eastern Virgi-
nia populatiom. Results for the first test showed that mly at sites 2
and 7 had over 70% of the midges been classified as coming from their
site of collectim (Table 19). The diagonal numbers indicate positive
idetification and the off-diagonal numbers represernt misidermtification.
The second posterior idemtification (Table 20) showed that 69% of the
midges collected from Saltville would have been classified as coming
from Saltville, and 80% of those from eastern Virginia would have been

classified as coming from eaastern Virginia (Table 20). A high amount of

misidertification has been previously observed between C., variipennis



Table 18. Stepwise regression of size factor I with maximum temperature (Tpax) » minimum

temperature (Typip) salinity (SL) and rainfall (RF) for Culicoides variipennis.

Site Parameter
1 RF
Tmax
SL
2 SL
3 Tmin
4 Tmax
SL
5 Tmin
SL
6 RF
Tmax
SL
7 Tmax

fs

57.06***
5.20%

43, 59%**
14.24%**
134.17%*

10.45%*

180.22%**
971.51*%*
204 . 77%%*

16.08***
389.28%**

65.00%**
15.79%**

2

r Model

.69 = 1.41-0.39(RF)-0.41(SL)+0.04(Tax)

.16 = 0.78-0.1(SL)

.73 = 4.6-0.09(Tyipn)

.83 = -2.3740.08(RF)-0.02(Tyax)+0.16(SL)
.92 = 2.24—0.12(Tm1n)+0.22(SL)

.82 = 6.67+0.22(RF)-0.17(Tyax)+0.27(SL)

.25 = -6.10+0.08(T, ;)

* p <0.01, ** p <0.001, *** p <0.0001.

z8
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populations in a microspatial comparism study ((Hemsleigh & Atchley
1977). They attributed misidertification to large numbers collected and
and closeress of sites whichcreated stricter comparisions. The high
amount of misidemtificatiom in this study may have also been caused by
closemress of site and numbers collected, especiélly in Saltville.

Morphological characters were highly dependert o temporal and
spatial differences, and a larée amount of variance was explained by the
environmental parameters. C. variipennis is considered the most stable
subspecies (Ross 1962), but even in eastern Virginia there were
intermediates. The second posterior idemtification suggests that Mayr's
75% rule of subspeciation may apply (Mayr 1969). But, the high amount
of morphometric variability indicates that the presence of subspecies in
Virginia is unlikely.

Therefore, I conclude that in Virgina, using the presernt taxonamic
method, C. variipennis should be considered a single species with con-
siderable ecotypic variability. This does nat preclude the possibility
that other taxonamic tools could confirm or deny this, but it emphasizes
that the use of such tools as chromosome analysis and behavioral taxon-

omy should be employed to further examire this possibilty.
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TABLE 19. Posterior probability matrix of Culicoides variipennis
membership in each site, 1979.
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TABLE 20. Posterior probability matrix of Culicoides variipennis
in Saltville and eastern Virginia, 1979.

Site Saltville Eastern Virginia

Saltville 89 31

Eastern Virginia 20 80




Chapter V

SWARMING AND MAT ING BEHAVIOR OF CULICOIDES VARIIPENNIS

INTRODUCTION

This Chapter describes the swarming behavior of C. variipennis in
Saltville, VA and relates the results to the function of the swarm.
Swarms of C. variipennis have been observed in nature but not examired
in detail (Rowley 1965, Downes 1978). Downes (1978) has suggested that

there may be differences in mating behavior between the western species

(C. occidentalis) and the eastern species (C. variipennis) He suggested
that the western "species™ is a faaultative swarmer and the eastern
"species" an obligate swarmer (based on the successful laboratory colm-
ization of the western species but not the eastern species). Jmes and
Scmidtmann (1980) have recertly colmized the eastern species, but
other behavioral evidemce suggest that there may be other possible dif-
ferences in mating behavior (Downes 1978, pers. obs.). Therefore, a
closer examination of the mating behavior of this species complex is
needed.

Culicoides variipennis (Wirth & Janes 1957) from Saltville would be

called C. occidentalis by Dowres (1978). I will use the rame C. variip-

ennis in this sectim. Evidence related to the taxonamy of this complex

is presented.

86
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MATERIALS AND METHOIS

Swarms of C. variipennis were observed in the brime fields of Salt-
ville, Va. during June, July and August 1980. The ponds in the brinme
fields range in salinity from 0-33 parts per thousand and all the ponds
provide extensive breeding areas for this midge. Observatims were made
at dusk and dawn. For comparative purposes the swarms were described in
a format Vsimilar‘ to that used by Reisenet al. (1977) for mosquitces.
The criteria included: type of swarm, color preference, size, shape,
time, flight path, pairing, time in copula, and parity.

Females from the swarms were aspirated by hand as they fell on a
white sheet (1.2 x 1.2 m) placed directly downwind of the swarm. Parity
was determined using the tergite method described by Potter and Akey
(1978). Nulliparous females have three darkered lobes am the abdominal
tergites (Figures 9 & 10). These tergites m parous females are com-
pletely darkered. Age of pairing females was compared with that of
females collected in New Jersey light traps (modified with a ciraular
blacklight) and a black ciraular sticky trap (30.5 cm, 8 cm dia). Both
traps were placed 1.8 m above the ground and located aljacert to the
breeding site.

Females that fell an the sheet in copula were divided into two
‘groups. Ome group was immediately decoupled; the other group was
allowed to complete copulaticn. After holding all females for 12 hrs
they were then tested for the presence of sperm. They were dissected in
1.0 N saline and the sperm were staired using Noland's method for 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 the nulliparous condition. Female on right.



Figure 10. Closeup of nulliparous Culicoides variinennis with
trilobed abdominal tergites.
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Two swarm sites were visited on each of five nights and females

were classified as C. occidentalis, C. variipennis, or an intermediate

using the character of size and shape of the sensory pit an the third
segmert of the maxillary palp (Dowres 1978). Sweepnets were used to

collect additimal swarms for species confirmation and swarm sex ratio.

RESULTS

Description of swarms

Location. Sixty-cne swarms were observed 1-540 m from the breeding
sites. Fifty-five were mostly "top swarms" as defired by Nielsen &
Greve (1950) and modified by Reiseneast al. (1977). They formed over
grass clumps 10 to 90 cm high that contrasted with light areas of barren
soil or roadways. Roadways in the area were of dirt with grass median
strips. Six swarms were "marker swarms" marker swarms are areas of
more or less horizontally contrasted light and dark patches (Nielsen &
Greve 1% 0) such as those swarming over road edges and dark soil spots
surrounded by vegetatiom. Defining the type of marker was difficult and
appeared to be more directly related to contrast rather than to any ver-
tical compone k.

Color preference. Dark substrate was preferred; when a white sheet

was placed over a natural marker, the swarm moved to the upwind edge of

the sheet, swarming over the light/dark interface. However, when a
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black poster board was placed over the mtural marker, the swarm would
disperse and refom over the artificial marker.

Size and Shape. 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 shape of
the marker. Distance between midges ranged from 2-10 cm, decreasing as
numbers of midges increased. On certain occasims when the swarms were
large, they appeared funrel-shaped from a distance; at other times they
would extend upwind and upwWward similar to that described for Aedes hexo-
dontus Dyar (Downes 1958).

Height. The lower edge of the swarm varied from 30 cm to 1.8 m
above the ground, changing as the midges reoriemted over people or other
objects placed over natural markers. Heights of the top of the swarm
ranged from 1.5-3 m. Above 3 m it was hard to acaurately see the
swarms.

Orientation. Males faced into the wind with antemal setae erect.
On calm nights when observers could not detect any wind, individuals
orierted as if facing into the prevailing wind except m two occasims
when they oriented in the opposite directim.

Time. Swarms formmed 15-20 min before sunset and lasted up to one
hr. Occasimally they could be observed with a flashlight after twi-
light. Swarms were also observed at dawn but were smaller K50 males).

Flight path. Typically, a zig-zag pattern was observed with a
traverse of 5-15 em. Figure-eight movemerts were also observed, and

some males flew at an upward angle toward the periphery of the swarm.
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Pairing. Pairing took place at the periphery of the swarm as the
females approacied the swarm marker. Pairs fell to the ground and scat-
tered over a large area. The number of pairs falling to the ground
could not be determined aceurately, but a conservative estimate from
swarms of greater than 500 males was me pair every 10 sec. The maximum
rate of pairing occurred from 15-25 min after swarm fomatim, and pairs
were not observed on the white sheet after twilight. Pairs usually con-
sisted of a female and a male (Figure 9), but in 3} of 279 observatims,
a third individual (always male) was present (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
falling to the ground; and second males did not attempt copulatim after
the first male decoupled.

Time in copula. Mated pairs fell to the ground and remaired in

copula from 30-120 sees (X = 110 s). On several occasims, the female
would pull the male behind her for a few seconds until she became quies-~
cent. Male antennae were always erect while the male was in copula on
the ground.

Parity. Over 500 females from mated pairs were examined for parity
(see Figures 9 & 10) and showed a parous rate of less than 1.0% (Table
21). In addition, 14 gravid females were also observed in copula. .~

Other species. Frequently, Aedes sollicitans (Walker) males and

females would exhibit swarming movemerts within the swarm of C. variip-



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 copula and successful insemination
in Culicoides variipennis.

Copulation Inseminated Not inseminated Total
Forced . 2 19 21
decoupling

Natural 13 16 29
Total 15 35 50
*

?ignific§nt dependence on time <n copula using Fisher's exact test
p <0.01).
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ennis. Also, male Chironomus attenuatus Walker swarmed over the white

sheet while observations o C. variipennis were being made. On 20 July,

500 m from the rearest breeding site, two female Culicoides venustus

Hof fman were collected when they {ell out of a swarm of C. variipennis.
Males immediately decoupled and could nct be collected for identifica-
tim to species. Males of C. venustus were rever captured by sweepnet

or collected from the white sheet.

Function of the Swarm

Although the functim of the swarm in the Nematocera has been
debated by several authors (Nielsen & Greve 1950, Downes 1958), swarms
of CQulicoides are gererally considered to be assemblages that serve to
assist mating. The present observatioms support this hypothesis. Much
of the controversy over the functim of the swarm in Nematocera is
related to the lack of observed mated pairs and the low female:male sex
ratio of swarms sampled by sweepnets. Recently, Camppell and Kettle

(1979) collected swarms of Culicoides brevitarsis Kieffer in Australia

using a sweepnet and observed a sex ratio (female:male) of 1:77. A lower
sex ratio was obtainred for C. variipennis (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 occurred every 10-15 secs.
These are more than e nough matings over a 30-60 min period to confirm

that the swarm is a mating assemblage (1220-360 matings/ swarm).
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The apparent discrepancy between sweepnet collectims and
observatims in C. variipennis can be explained by examining two aspects
of the tecmiques used., First, if a sweep is made of a whole swarm,
very few females will be collected. Since a mated pair was observed
every 10-15 secs, a single sweep only taking one second would not acau-
rately represent the number of matings. Second, mating occurs m the
periphery of the swarm, which decreases the probability of female cap-
ture (orobservatiom), especially if a vertical sweep of the swarm is
mae. The influence of method on estimates of frequency of females
within the swarm has been recorded also by Quraishi (1965) in Anopheles

stephensi mysorensis Sweet & Rao. He found by using sweepnets that oly

males were captured, but females were observed to enter swarms mce
every 15-20 secs (N>500+ males). The true rate of ertry of females
into swarms of C. variipennis could have gone unncticed if only sweepnet
captures were used.

The parous rate ;f less than 1.0% (N>500 females) for females cap-
tured in mated pairs suggested that it was primarily nulliparous females
that were coupled. A comparism in age was made among females collected
by light traps, sticky traps and swarm pairs to see if there were any
older (parous) females in the area. Results showed significant differ-
ences in parity from the three methods (Table 22). The parous rates

from the swarm pairs were significantly lower than those from either the

light 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 Sticky traps
83 (58) 4 (24) 39 (23)
63 (344) 0 (25) 89 (10)
50 (210) 0 (146) 25 (25)
42 (69) 0 (30) 21 (42)
73 (345) 0 (22) 25 (20)

*Differences in parity between swarm pairs vs. light traps and swarm

pairs vs. s

ticky traps were significantly different (p <0.001).
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Previous authors working with Nematocera (Roth 1948, Quraishi 1965,
Andersa 1974) indicated that pairing can take place regardless of the
gonctrophic condition of the female. This would suggest indiscriminate
mating. Others have observed that mating takes place only once in young
females (Anderson 1974). 1In C. variipennis the bias towards nullipars
suggests that mating takes place only in young females and is sufficiert
for the fertilization of all future egg batches.

Swarming fomatiom ranges from obligate, faaultative, to nmexis-
tent (Downes 1969). Though C. variipennis will mate in the laboratory
without swarming, a faaultative ranking can aly be truly resolved when
me observes ground mating in nature without the presence of a swarm.
Ground matings have not been observed in the field by previous investi-
gators nor were they observed in this study. C. variipennis swarming

behavior is similar to that of Culicoides nubeculosus (Downes 1955).

Both species couple in the air, fall to the ground and remain in copula
for up to two min. This time in copula on the ground raises the questim

of its functim. In Culicoides melleus (Coquillett), a nmswarming spe-

cies, spermatophore fomatim and sperm transfer takes 1.5 min (Linley &
Adams 1972). The time spert in copula on the ground by C. variipennis
could also be to allow for spermatophore fomatim and sperm transfer.
To examine this possibility a compariscn was made between time in copula
and inseminatio rate.

Twent y-cne midge pairs were forced to decouple as soon as they fell

to the ground, and 29 pairs were allowed to remain in copula until
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natural decoupling occurred and then were captured (Table 21). Results
showed a significant dependence (P< 0.01) of successful insemination @
time in copula . Only 9.5% of the nulliparous femaies forced to decou-
ple had sperm in their spermathecae, while U44.5% of the females had
sperm presert in their ‘spet'mathecae after natural decoupling. It can
therefore be concluded that the time spert in copula on the ground by C.
variipennis promoted successful insemination. It is nat known if the
naiinseminated females return to the swarm, but it would appear to be
advantageous for the individuals to do so.

Dissectim of all gravid and parous females collected either as
soon as they fell out of the swarm or after copulatiocm revealed 100%
inseminatio in these groups.

The 44.5% inseminaticn rate of natural decoupled females appeared
low. It may have been caused by a combination of male competition for
females and impotency of dominant males. Male impotency has been shown
to increase with increased mating in C. melleus (Linley & Hinds 1974)
and could be ocaurring here. Also, one cannct discount the possibility
of mechanical isolation between undetected sympatric species which use

the same swarm site.
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TABLE 23. Classification of female C. variipennis from mated pairs based on
the size and shape of the sensory pit on the 3rd segment of the

maxillary palp.

Date C. occidentalis C. variipennis Intermediate Total

July 7 15 3 3 21
20 1 1 2 4
21 2 2 0 4
28 39 2 20 61

Aug. 5 17 12 3 32

Total 74 20 28 122
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Taxoncmic Character of the Swarm

One hundred twerty-two females from mated pairs were collected; T4

were classified as C. occidentalis, 20 as C. variipennis, and 28 as

intermediate (Table 23). The two swarm sites were combined because no

difference in site variabiity was observed. These results indicate that
either the morphological character relied upon by Dowres (1978) to sup-
port the two species hypothesis is too variable in this area or, as sug-

gested by Ross (1962), C. var. australis is a mixed hybrid populatim.

If the Saltville area is a zone of hybridizatiom, we would expect more
intermediates and fewer of the other two fomms or at least greater
"kaleidoscopic" variatiom. This did not occur in the Saltville area and
though it does not disprove hybridizatiom, it does noct support it. To
examine further the variability of this species, a large number of C.
variipennis larvae were collected and reared from mud-manure samples
from eastern Virginia in 1979. According to Wirth and James (1957),

they would have been expected to be C. var. variipennis and, therefore,

would be classified as C. variipennis by Dowres (1978). Following
Dowres classificatiom, the results were 45 C. occidentalis, 25 C. vari-
ipennis, and 45 intermediate, indicating that even in eastern Virginia a
clear-cut species distinctiomm was impossible. Either the whole of Vir-
gi‘nia is located in a zone of hybridization or, as seems much more
likely, new taxonanic characters are recessary to define the taxa.

So far, insufficient variatim in swarming behavior has been

observed in this area to suggest swarming behavior as an isolating
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mechanism. Further field observatims are recessary in cther areas to

determine if differences in mating behavior do exist.

SUMMARY

Swarming of Culicoides variipennis frequently occurred up to 540 m

from the nearest breeding site. Male behavior and matings were similar
to C. nubeculosus. The sWwarms were confirmed as pairing sites with
observed matings every 10-15 secs. This frequency occurred conaurrertly
with a sex ratio of 1:67.

Examination of the mated pairs showed that females were 99.0% nul-
liparous, suggesting that they mate anly when nulliparous.

Further examinatiom of mated pairs showed a dependence of success-
ful insemination on time in copula. The time spert 1in copula on the
ground by this species appears to promote an increase in successful
sperm transfer.

The use of the size and shape of the third segmert of the maxillary
palp semsory pit in classifying females from coupled pairs as either C.

variipennis or C. occidentalis was inadequate in Virginia. Further

observatios on mating behavior of C. variipennis from other areas are
necessary to determine if mating behavior can be an isolating mechanism

in this species complex.



Chapter VI

DISPERSAL, GONOTROPHIC AGE AND PCPULATION TRENDS OF CULICOIIDES
VARIIPENNIS

INTRODUCTION

The numerical abundance of the vector is ancther important factor
to be considered once it has been demanstrated that an insect has an
affinity for a partiaular host. Two factors directly related to numeri-
cal abundance are gonctrophic age and dispersal. The interrelatim of
these two factors helps provide an evaluatiom of the epidemiological
risk in a partiaular area.

The purpose of this chapter is to examine the dispersal of C. vari-
ipennis in relatim to demsity, sex and gonctrophic age. The isolated
population of C. variipennis in Saltville provides an excellert opportu-
nity to study these relatimships because immigration and emigratio is

minimal.

STUDY SITE
The brine fields within the town limits of Saltville, VA at an ele-
vatiom of 524 m consisted of approximately 32 hectares (Figure 12).

Saltville lies in the Ridge and Valley Province of the Appalachian High-
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lands. The Saltville Valley rises and narrows to the southwest and
northwest leaving a tr-iangular"sectim 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 brine fields.

Freshwater enters the basin from several springs and saltwater is
produced from soil leaching during drainage. 0ld brire wells dot the
fields. A series of ponds and pools exist within the brine fields and
range in salinity from 0-33 parts per thousand. Salinity fluctuates
with rainfall from seasm to éeascn. The brire fields drain into the
North Fork of the Holston River. The prevailing winds are from the
southwest .

The geological Mississippi Maccrady fomation is the major source
of the fossiferous dark gray muck that surrounds the ponds (Ray et al.
1967) and provides an excellert larval habitat for immature C. variipen-
nis. Soil tests showed the following ranges in ponds and pools sampled;
pH 7.6-7.8 , Mg 82-199 ppm, K 28-64 ppm, Ca 1679+ ppm, P 1-13 ppm, m3
52-437 ppm, Aand organic matter 2.9-5.5%.

Salt appears to have been deposited from marine sedimentary origin
ranging in age from the Cambrian to the Mississipian (Ray et al. 1967).
The area is a synclime of Calcareous stratificatiom (2 craile of lime-
stone layers in which rock salt has accumulated from the evaporatim  of
salire brire). In the 1700's me-third of the valley was a morass over-

lying brittle limestone (Lomn 1933). During subsequert years the area



*Sticky Trap /
X-Marsh Blt
Y- Totten BIit
Z-Allison Blt

Brine Field, Saltville,VA
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Figure 12. Collection sites of Culicoides variipennis in Saltville, VA. A-F, sticky
traps, X,Y,Z blacklight traps (Blt).
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was ditched, filled and cattle were grazed in the fields. Between 183
and 1917 brinme derricks became comman (Ogle 1981). As the salt was
removed the elevation dropped 5.2 m in 30 years (C. Totten pers. comm.)
and the marshes were recreated.

The salt marsh habitat has several plant and animal species have a
disjunct distribution. The flora has been described by Ogle (1981), and
five halophytes were presert with their next closest habitat along the

eastern coast of Virginia. The halophytes are ; Atriplex patula L.

(Orach), Eleocharis parvula (R&S)Link (Spikerush), Juncus gerardi Loi-

seleur (Blackgrass), Salicornia europaea L. (Glasswort) and Scirpus

robustus Pursh. (Bulrush).
The unique fauna consists of several bird species which nommally
use the coastal flyway (Decker 1979) as well as three species of insects

that are coastal in habitat. They are: a mosquito, Aedes sollicitans

(Walk), a chironanid midge and a carabid beetle Bembidion constrictus

Leconte. Two other insects frequent the inland saltmarsh: the brire fly

Ephydra packardi Wirth and Culicoides variipennis.

MATERIALS AND METHOLS

I primarily used Blacklight traps (BLT) and sticky traps to sample
C. variipennis. In 1979, one light trap (Totten BLT) was placed 650 m
from the nearest breeding site at a height of 1.83 m and operated aach

night from 1800-0800 hrs (Figure 2). A second BLT was placed near
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sticky trap D-5 and operated once a week. In 198, the second BLT was
discontinued because mly 10 midges were collected in 10 trap nights.
Two aiditimal BLT's were placed 9 m (Marsh BLT) and 39 m (Allison BLT)
from the nearest breeding site (Figure 12) and operated the same way as
the Totten BLT. Adults were classified to sex, and females were further
categorized as nulliparous, engorged, gravid or parous.

In 1979 and 198, sticky traps were used similar to those described

by Kettle (1951) for Culicoides impunctatus Goet. Black cylinders 30.5

cm high and 8 cm in diameter were placed a 0.61 m, 1.83 m and 3.6 m
and nailed to 3.0 m high wooden poles (5.8x5.8cm) (Figure 13). Black
cylinders were used because this color appeared to be most attractive to
Culicoides (Hill 1947). All sticky traps had a 30 cm long pipe(10mm
dia.) attacked to the lower end with 15 cm extending beyond the base.
This extensim was placed into a 20 cm lmg pipe (15mm. dia.) which was
flush with the ground. This constructiom provided easy removal and
replacemert of the poles. A4 30 x 50 cm rectangular sheet of clar
plastic film (6 mil) was attached to each black cylinder by a strip of
1.5 cm masking tape. A thineven layer of Tack TrapR was applied to the
plastic sheet with a 10 cm paint brush. The plastic sheets were removed
once a week between 0730 and 1100 hrs using a standard rug cutter. Each
sheet of plastic was covered with waxpaper and stored in a cool dry
room. Midges were idertified to sex on the plastic sheet using a bino-
cular microscope (48x). During certain experiments females were removed

from the plastic sheets o the date of collectim by applying gasolire
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to disolve the the Tack Trap. They were sorted to gonctrophic age (see
below).

Sticky traps were placed in six transects with 3-5 traps per tran-
sect (Figure 12). Transects were perpendicular to the prevailing winds
which followed the curvature of the valley. Traps within transects were
60 m apart except at the southeastern end of the valley which narrowed
considerably. There sticky traps E-1, E-2 and E-3 were only 24 m apart.
Sticky traps E-1, E-2, F-1 and F-5 were nct used until 1980. In 1980,
at sites A-3, B-3, and C-2 additimal black cylinders were put at
heights of 4.27 m, 6.1 m and 9.15 m. This was done by coupling together
three 3.1 m conduit pipes (60cm dia.). The top end was then flattered
for right angle attacmert, with a 1.5 m sectim of conduit pipe (60cm
dia.) which was also flattered at me end. An eye bolt was attached to
the distal end of the 1.5 m pipe so a 0.64 cm rope could be passed
through it and act as a pulley. The three additimal sticky cylinders
were attached to the rope by passing the rope through two holes (at the
upper and lower ends) in the sticky cylinders. As the rope passed
through the lower holea knot was made to prevert the cylinders from
slipping out of position. This extemsio was placed ina 1.5 m (79mm
dia.) long pipe which extended 0.75 m above ground. It was also offset
1.5m from the 3. m sticky trap so that the eye bolt and rope lired up
with the centers of the three lower sticky cylinders (Figure 13). The
additiomal sticky cylinders were lowered by removal of the wooden pole

and lowering of the rope. When the trap was in operatim the rope was
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attached to a wooden stake positimed at the base of the wooden pole.
Guide ropes were attached to eye bolts at the junctiom of the second and
third conduit pipes.

Sticky traps were used for 17 weeks in 1979, starting on June 1 and
ending on September 28. In 1980, they were used for 15 weeks starting
on May 19 and ending on September 8. The extended sticky traps were
used in 198 for 13 weeks, starting on June 3 and ending September 8.

In July 1980, I discovered that the gon ctrophic age of the females
could be determined if they were removed from the sticky cylinders
within 24 hrs of collectiam. The parous rates of the females collected
on the sticky traps differed from the parous rates of the females col-
lected in the Marsh BLT. Therefore, I set up a series of comparisas to

examine these differences.

1. Only sticky trap A-3 vs the Marsh BLT for thirteen 24 hr trap

periods.

2. Only sticky traps A-3 and D-5 at a height of 1.83 m and the 3

BLTs operated between 1800-0800 hrs, six times.

3. Only sticky trap A-3 at 1.83 m vs a sheep bait trap located 60
m northeast of the Marsh BLT (9 m from the rearest breeding
site), vs the Marsh BLT. Traps were operated from e hour
pre-sunset to cne hour post-sunset as well as e hr pre-sun-
rise 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 sticky trap A-3 ai 1.83 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 positimed at a height of 1.83 m parallel to
the ground, in front of the carrier. The D-Vac 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, SS,
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 4New Jersy
light trap equipped with a white cirailar fluorescernt bulb
(30.5em dia.) rather than the circalar blacklight was run for
seven nights. The whitelight trap was positiomed 60 m south-
west of the blacklight trap and 10 m from the marsh edge at a
height of 1.83 m. When operated neither trap could be seen
from the other trap site because of a small woodlot. The

traps were run from 1800 - 0800 hrs.

Vegetation was cleared ina 2 m circle around each sticky trap and
was cut weekly. The height of the surrounding wegetation was measured
weekly at the four compass points and means calaulated.

Temperature and humidity were measured using a Bendix Model 594
Hygro-thermograph placed in a standard weather shelter 1.37 m above the

ground. Rainfall was collected in a standad rain gauge.
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Comparisms between midges collected from sticky traps at differert
heights were done using arcsire transfomatim of the proportiam col-
lected at each height. Differences in means were tested using Duncans

Multiple Range Test.

RESULTS

Horizontal Dispersal

The number of Culicoides variipennis collected from sticky traps

decreased as the distance from the rearest breeding site increased (Fig-
ure 14). Both sexes were collected on the farthest sticky trap (0.8
Km) from the rearest breeding site. In 1979 and in 1980, the largest
nunber of females was collected on sticky trap A-3. Males were more
abundant o sticky trap A-3 in 1979 and on sticky trap B-3 in 1980
(Tables 24 & 25). The lowest number of both sexes was collected on
sticky trap F-2 in 1979 and E-2 in 1980.

Predictable numbers of adults were collected from most sticky traps
if I assumed that numbers decreased with distance. However, sticky trap
B-1 collected a smaller number of midges than some sticky traps located
a an equal distance or further from the breeding sites (i.e B-4, B-5,
C-2, C4, D-1 (Tables 24 & 25)). In 1979, sticky trap C-1 collected
fewer female midges thaﬁ any other trap in C-transect as well as traps
D-1, D=2, D-4, E-4, E-5 and F-4 (Table 24). But, in 198, sticky trap
C-1 collected more female midges than any other trap in C-transect as

well as sticky traps B-1, B-5 and those mertimed above (Table 25).
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Sticky trap E-5 also collected more female midges than traps in the same
transect, as well as some 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 m as the seasmal species compositim changed. This did nat
appear to alter the number of midges collected (ANWA p<0.035).’

The number of midges collected and distance from the rearest breed-
ing site were converted to Log N+1 in order to examire the slopes of the
regressim models. Slopes differed between 1979 and 1980 for both sexes

and between sexes in 198 (Table 26).

Vertical Dispersal

Results of the vertical dispersal study for the sticky traps placed
at heights of 0.61, 1.83 and 3.5 m are presernted in Tables 24 & 25.
Most midges were collected either at a height of 1.83 m or 3.5 m. Scme
traps collected more at 1.83 m than at 3.5 m the first year and more at
3.5 m than at 1.83 m the second year (e.g. B-5). Also, mean catches
between 1.83 m and 3.0 m were sometimes significantly differezi: me
year and not the rext (e.g B-3). For most traps the height of flight
was shown to be dependert on site and date (ANOWA p<0.3). Also, change
in the height of the vegetatiom did not influence height of midge col-
lection (ANOVA p <0.%). 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
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Table 24. Mean nuwber of Ql{![g%‘i\gigg varilpennis collected from sticky traps at different heights
in 1979, Saltville, .
T
Site Ht{™ ) Female Male | Site Ht{m ) Ffemale Male g Site Ht(m ) Female Male
! L
I e
A1 o6l 20 18t 1 ) 06l .50 022 i 0.61 0.3 0P
(28)** 1.83 9 a4 (391) .83 1 0.5 1(752) 1.83 0.6° 0.17
3.05 40 0% i 3.05 O .05 0.3"  o0.5°
U o SO S SO
A-2 0.6 4 el -2 0.6 b 0.60 1 -4 0.6l b p b
(32) 1.83 29 27 (368) 1.83 7° 6 (767) 1.83 4° 2 ?
3.05 28 20° 3.06 7? 3 ¢ 3.05 q? 0.8"
A3 0.61 58P 3r? c-3 0.61 0.3 00" 1 Es 0.6 ned g2
(2) 1.0, gad 43 (383) .83 2 by i (767) 1.83 50 0.2
3.06 62 342 305 4 ¢ 070 3.05 2 0.1?
__________________________________ S L1, S S A
4 0.61 92 91 €4 0.61 3% o) F-2 0.6} 0.2* 0.0
(30) 1.83 ar 35! (391) 1.83 1 2 e (895) 1.83 0.2°  0.a?
3.05 30 16 3.05 15° 2 @ 3.05 0.28  0.0°
A-5 0.6 26 26t 0.61 @ 0.1 F-3 0.61 0.4p 0.5
(98) 1.83 31z 237+ (391) V.83 2? 0.57% 1 (895) 1.83 2 2 @
3.05 18 13 3.05 2 P 3.05 2 ¢ g @
_________________________________________________________________________ A S
B-1 0.61 R X b1 o6l 5P g0 bra 0.6 1t ol
(131) 1.83 4? 3 (463) 1.83 | i (895) 1.83 P
3.06 52 5 ¢ 3.05 9@ 4? ! 3.05 3? 0.8
..................................... A SN S A S
0.61 4t gb 2 0.6l 050 0.3
(71) 1.83 282 25? (492) 1.83 e B
3.05 28" 20° 3.05 a 2
......................................................................... H
B3 06 72 s % op3 06l 042 02®
(10) 1.83 35 25% 1 (523) 1.83 0.7 0.9
3.05 52¢  29% ¢ 3.08 L
____________________________________ S ot S SN U
-4 0.61 T TG SV R P 2? :
(50) 1.83 39 M to(543) 1.83 92 3? ;
3.05 26¢ 8¢ ! 3.05 g? 28 !
....................................... B i om e o e e o e ot om o
B5 061 23 @ 961 0.2 oob
(1) 1.83 10’ 5’ ! (553) 1.83 2 % 08
3.05 28¢ gt ! 3.05 2 e

*within a site, numbers with different letters ayve siagnificantly different from each other
(Duncans multiple range test p<0.05).

**distance from breeding site in melers



Table 25. Mean number of Culicoi

(1]
in 1980, Saltville, V

Site Ht(m ) Female Male

reem———

A.

des
T

Site Ht(m ) Female Male

____________________________________________________________________ ‘
1
A1 0.6 arb - g90 c-1 0,61 4 0.7® |
1.83 812 482 1.83 260 o
3.05 02 g7b 3.05 13 0.8% |
____________________________________________________________________ ;
A2 0.6) 6b g a c-2 0.6 62 b
1.83 462 g5b 1.83 22 8%
3.08 443 39¢ 3.05 28¢ 94 !
_________________________________________________________________ !
A-3 0.6 128b g1 b €3 0.6 0.60  0.1p
1.83 2132 g1 1.83 3 0.5 1
3.05 b z0 b 3.05 6 ¢ 2 & |
_______________________________________________________________________ !
A4 0.6] na g2 C-4 0.6 N a
1.83 geb @b 1.83 L
3.05 6c 3¢ 3.05 16 3
______________________________________________________________________ :
A-5  0.61 b g0 -5 0.6l p@ 0.3b
1.83 638 670 1.83 22 12
3.06 37 27¢ 3.05 14 1@
B-1  0.61 0.9 0.9b 0-1 06l gb b
1.83 4 b3 e 1.63 178 n?@
3.05 A L 3.06 62 100
___________________________________ o s e
B-2 0.6l 08 102 op2 0.6 e b
1.83 7ab 60 1.83 3 32
3.05 88¢  36¢ 1.05 7@ 48
___________________________________ LI St SUU A
i
B-3  0.61 37 b qp @ D-3  0.6) 0.9b b
1.83 1632 ja6 b 1.83 2 b pa
3.05 1648 08¢ 3.05 4 @ 3@
B-4 0.61 200 24b 1 pa 06l 6 2 b
1.83 650  epa 1.83 2a1b g2
0 49¢  26b ! 3.05 12¢ 6
B-5 0.6l g2 12b D-5  0.61 1 b 2@
1.83 23b 0 1.83 54 64
3.05 B 2s ] 3.05 52 42 |

*within a site different letters are

range test p<0.05).

**distance from nearest breeding site same as Table 24.

R ——

variipennis collected from sticky traps at different heights

Site Ht(m ) Female Male

E-1 0.61 A
(7527%1.83 137 ag
3.05 13 1
E2 0.6 02p 012
(752) 1.83 0.6 0.0,
3.05 1 0.2
£-3 0.6 0.9Y .
1.83 2 g 0‘4:
3.05 4 0.3
-4 0.61 30 1 @
1.83 9b 2
3.05 1ne  o0.9?
E-5  0.61 378 0.62
1.83 17 0.4°
3.05 8¢ 0.7
G e -
F-1 0.61 4 2
(895) 1.83 g b 3ba
3.05 122 59
,,,,, e
ST HE 1
105 2% @
F-3 0.61 1 gt
1.83 40 3 g
3.05 at 2
F4 0.6 2b b
1.83 4 32
3.05 62 2ba
F-5 0.6 1 8 0.8?
(895) V.83 29 1 @
1.05 2? (I

slguwificantly different from each other (Duncans multiple

-—
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TABLE 26. Log number x log distance regression models for Culicoides
variipennis collected on sticky traps at Saltville, VA. *

Year Sex r2 Model

1979 Female .48 Y= 2.308 - 0.579x8
Mala .46 Y= 2.749 - 0.584x3

1980 Female .55 = 2.734 - 0.627x2
MaTe .62 Y= 2.804 - 0.735x

abc models with different letters are significantly different
(t-test p <0.01).

* A11 F-tests, p <0.001.



118

1980 and site A-3 during the last 3 weeks of 1980. In 1979 and during
the first 12 weeks of 1980 site A-3 collected 25% of its total catch of
females at 0.61 m. Then during the last three weeks of 1980, 47% of the
total females collected were collected from the trap at 0.61 m. The
number of males collected also increased to U45% of the total catch at
0.61 m at site A-3 during the last three weeks of 1980, Previously to
this time 30% of all males were collected a 0.61 m.

A closer examinatio of the number of adults collected at different
heights 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 different
heights depended on trap locatim. The extended sticky trap 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 extenéed sticky trap at
site B-3 from all heigbts‘, 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 C2 also had the least number of males. The mean number of
females collected from the extended sticky trap at site A-3, which was
located next to the breeding site, was significantly geater on the
sticky cylinder at a height of 1.83 m, followed by those at 0.61 and 3.0
m. The means for females collected at 0.61 and 3.0 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

0.61 m than at 3.3 m.
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Table 27. Mean number and(percent of total population)of Culicoides variipennis collected from
the extended sticky traps at different heights (Ht) in 1980, Saltville, VA%

Trap Ht(m) Site A-3 Site B-3 Site C-3
Female Male Female Male Female Male

0.61 137b(21; 84b§24) 40 d§6) a4 €(9) 7 d(6) 3¢(8)
1.83 2233(35 99a(28) 1662(25) 1503(31) 22P(18) 83(22)
3.05 121P(19) 693(20) 1703(26) 112°(23) 292(24) 94(25)
4.27 84 3(13) 536215) 1426§22§ 86 3(18) 28b(23g 7a§19;
6.10 50 +(8) 29°(8) 91 414 56 9(12) 23°(19 5¢(14
9.15 29 9(5) 19%(5) 45 %(7) 33 &(7) 14°(11) 4¢(11)

*within a site, numbers with different letters are significantly different from each other
(Duncans multiple range test p< 0.05).



Results between heights were slightly differert at site B-3 which
was located 9 m from the rearest breeding site. More females were col-
lected at 3.05 m than at 1.83 m, but the means were not significantly
differert. Midges collected decreased at higher heights, but the means
were significantly different from each other. Means were significantly
different between heights 0.61 and 9.15 m. Males were collected in sig-
nificantly higher numbers at 1.83 m. They also decreased with height,
and the means were all significantly differert from each other except at
0.61 and 9.15 m.

The extended sticky trap at site C2, which was located 366 m from
the rearest breeding site, collected more females at 3.% m than at 1.83
m and the means were significantly differert. But, at this site there
was no significant difference in means between 3.0 m and 4.27 m. The
number of females collected then decreased with trap height. Males were
collected in low numbers at this trap site, with no significant differ-
ence between means at 0.61, 1.83 and 4,27 m. The mmber of males also

appeared to decrease with trap height.

Blacklight Traps (BLT)

Due to the mechanical failure of some of the light traps I could
only compare 39 trap nights. If either the Marsh or Totten BLT began to
malfunctim, I moved the Allisam BLT to either of the other sites until

the malfunction was repaired. Nightly totals and gonctrophic age of
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catches are listed in Appendix C. Table 28 shows the seasmal totals
and parous rates for the three blacklight traps. No engorged females
were collected, and gravid and parous females decreased in number as the
distance from the nearest breeding site increased. The Marsh BLT col-
lected the largest number of adults of all gonctrophic ages and the Tot-
ten BLT collected slightly higher numbers of gravid and parous females
compared to the Allisam BLT. The Allisa BLT collected more mulliparous
females than the Totten BLT.

The differences in nulliparous and parous females were reflected in
a comparison of parous rates from females collected from these traps.
Parous rates were significantly differert between each trap and
decreased as the distance from the marsh increased (Table 28). Parous
rates of females collected at the Totten site ranged from 50-100% in
1979 and from 32-82% in 1980. At the Marsh site, the parous rates
ranged from 49-91% and the weekly mean parous rates for females col-
lected at the Marsh site were always higher than those for the Totten
site (parous rates were calculated from Appendix D). Though there were
times on a daily basis, when the Totten BLT collectimns, as well as as
the Allisén BLT collectims, resulted in higher parous rates when com-
pared to the Marsh BLT collectims (parous rates were calculated from
Appendix C). Weekly totals and total females for each gonctrophic age
for the Totten BLT (1979 & 198 ) and the Marsh BLT (1980) are listed in
Appendix D. No relatimship was observed between peak numbers collected

and decreases in parous rates.



TABLE 28. Number of female Culicoides variipennis of different gono-

trophic ages collected in the three blacklight traps (BLT)

in 1980, Saltville, VA.

Gonotrophic age

BLT Nulliparous Parous Gravid % Parous
Marsh 2464 4663 19,108 64
Totten 466 473 227 51
Allison 1082 453 219 36

* Parous rates are significantly different at each trap
(chi sq. p<0.05).
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COMPARIS ON BETWEEN STICKY TRAPS, BLACKLIGHT TRAPS, ANIMAL BAIT TRAP
AND A D-VAC SAMPLER

I showed previously that the par.ous‘ rates of females collected at
sticky trap site A-3 and the Marsh BLT site were differert (see Table
22). So, in order to properly interpret the results of the blacklight
trap study and the sticky trap study, I examined the possible bias in
proportion of nulliparous and parous females collected by the two trap-
ping methods. Table 29 shows the results of 13 comparisam dates between
sticky trap A-3 and the Marsh BLT. On 11 of the 13 dates the Marsh BLT
collected a significnntly higher proportion of parous females. This
agreed with the results shown in Table 24, Table 30 shows the percent
pérows and total numbers collected for six dates that could be compared
between sticky trap sites A-3, and D-3, and the three blacklight traps
during July and August. Results showed there was no significant differ-
ence in éarous rates between sticky traps, the Totten BLT and the Alli-
san BLT. However, the Marsh BLT collected a significantly higher propor-
tim of parous females than any of the other traps. These comparisms
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 C. variipennis collected
from the bait animals and those from the blacklight trap on the coastal
plain (page 70), I decided that perhaps a comparisom between the Marsh

BLT and a bait animal (sheep) would help explain the difference in



TABLE 29. Comparison of the percent parous and (numbers collected) of
Culicoides variipennis from sticky trap A-3 and the marsh
blacklight trap in 1980, Saltville, VA.

Date Marsh blacklight trap Sticky trap 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 (184) 21 (42)
10 59 (220) 8 (48)
11 8 (463) 25 (20)
18, 52 (210) 15 (13)
19 48 (141) 50 (4)
Total 46 (3134) 23 (315)

dates when parous rates are not significantly higher in the marsh
blacklight 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, Saltville, VA.

Sticky trap Blackliaht tran
A-3 D-3 Marsh Totten Allison
28 (128)2 22 (32)% 53 (1558)2 26 (137)% 22 (268)2

ab parous rates with different letters are significantly different

(chi sg. p <0.01).
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parous rates between the above trapping methods. The results for seven
trap times, during the first two weeks of September, showed that the
parous rates for midges collected from the bait animal and from the
sticky trap were similar, but parous rates were significantly different
between these two traps and the Marsh BLT (Table 31). In addition 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 only one male was collected with 2143 females.

The D-Vac is considered to be unbiased sampling method for collect-
ing midges that are in flight (Tanner & Turner 1975). The D-Vac was
therefore used a3 an additimal method for comparisan with results
obtained from sticky trap A-3 and the Marsh BLT. The comparisiom was
done three times during the first week of September. The parous rate of
midges collected in the D-Vac and on the sticky trap were nct signifi-
cantly different, but the Marsh BLT collected a significantly higher
proportion of parous females (Table 32). In addition there were differ-
ences in the proportimate number of gravid females collected. The
sticky trap collected 2% gravids, the BLT 50% and the D-Vac 22%. The
percent gravid females collected from the sticky trap and the Marsh BLT
in the other experiments was similar to this comparism.

These comparisons further suggested that the Marsh BLT was biased
toward parous females. To examine whether it was related to blacklight I
made a comparisan between the blacklight trap and a whitelight trap bet-
ween September 10-16. The 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
Culicoides variipennis from the bait animal, marsh black-
1ight trap and sticky trap A-3 in 1980, Saltville, VA.

Bait trap Marsh blacklight trap Sticky trap A-3
a b a
26 (31) 85 (197) 25 (100)

b parous rates with different letters are significantly different
(chi sq. p <0.001).
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TABLE 32. Comparison of the percent parous and (number collected) of
Culicoides variipenmis from the D-Vac, marsh blacklight trap
and sticky trap A-3 in 1980, Saltville, VA.

D-Vac Marsh blacklight trap Sticky trap A-3
a 5 a

22 (89) 71 (293) 24 (66)

ab

parous rates with different letters are significantly different
(chi sq. p <0.001).
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TABLE 33. Comparison of the percent parous and (number collected) of
Culicoides variipennis from the marsh blacklight trap and
the whitelight trap in 1980, Saltville, VA.

Marsh blacklight trap Whitelight trap

81 (1042) 80 (594)
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SEASONAL POPULATION TRENIS

Based on ;dults collected in 1979, sticky trap A-3 showed three
major population peaks, sticky trap A-5 showed three peaks and the Tot-
ten BLT showed two major peaks (Figure 16). No observable differences
were seen in seasmal populaticn' trends between the two sticky traps.
Population 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 Totteﬁ BLT by the end of the seasm was too low for
valid comparisms.

In 1980 , Sticky trap A-3 showed four to five major populatimm
peaks of midges, sticky trap A-5, four peaks, the Totten BLT, four peaks
and the Marsh BLT, four peaks (Figure 17). Midges collected on the
sticky traps did not increase or decrease concurrerntly in 1980 as in
1979 until the first week of July. Populatim trends for midges col-
lected on sticky traps B-3, C-2 and E-5 were compared with A-3 and A-5
and fluctuated conaurrently with sticky trap A-5. Also, populatiom

peaks varied between BLTs in 1980.

DISCISS TON
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Horizontal Dispersal

The dispersal curves for C. variipennis in this study were similar
to dispersal aurves for other Culicoides reported by Wolfenbarger
(19%9). The maximum distance of dispersal recorded for this species was
4.0 Km for the females and 800 m for males (Lillie 1978). Other Culi-
coides species have been shown to travel greater than 8 Km (Jomsm
1969) and it has been suggested that they can travel up to 50 Km »ihen
aided by the wind (Sellers et al. 1978). In this study, C. variipennis
dispersed at least 0.8 Km. There appears to be a vertical plume of
dispersal away from the breeding site which would contribute to the air-
bome spread of this species by the wind (discussed under Vertical Dis-
persal).

There is a positive correlatim 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 C. variipennis. In this study, weekly catches of midges o sticky
traps increased conaurrently. If more individuals dispersed farther
when numbers were greater at the source then the regressim models for
1980 should have x-intercepts (log-distance) greater than those for
1979. This occurred for both females and males. The x-intercepts for
females and males in 1979 were 3.99 and 3.67, respectively. In 1980,
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 breeding site

increase indicates that there was a positive correlatim between insect



density at the source and the number of individuals found farther away
from the source.

The steepness of a slope may be affected by weather conditims that
inhibit movement, thereby concentrating the midges mear the breeding
site. It was gererally hotter and dryer in 1980 than in 1979. This
could have restricted movement during 1980‘and created steeper slopes,
especially for males, which do not have as great a tendency to overcome
harsh conditions as do host-seeking females. This also could be the
reason why the slopes between sexes were significantly different in
1980 . Since the steepness of slope is also affected by the number of
midges at a source and the changes in aggregatim that occur with ¢ hang-
ing demsities, it would be recessary to examire aggregatim in relatim-
ship to demsity in order to explain the differences in slope more fully.

There appears to be a relatimship between catch and site or host
presence for the three sticky traps that did not follow the expected
decrease with distance relatimship. For example, sticky trap B-1 was
located 130 m from the rearest breeding site (Figure 12), along a narrow
dirt roadway having 10 m hedgerows am each side. Fewer midges were col-
lected at this site than at many traps located > 300 m from the breeding
site (Tables 24 & 25). This may have been due to the hedgerows, though
overall vegetation up to 1.5 m did nct affect catch. Sticky trap C-1
collected lower numbers in 1979 when compared to traps at similar dis-
tances. But, in 1980, the area around sticky trap C-1 was frequented by

cattle and the number of females collected was higher when compared to
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other traps at similar distances from the breeding site. Cattle were
also present during the entire study at sticky trap site E-5, and the
larger number of females collected there appeared due to host presence.
The presence of a host in the vicinity of a sticky trap has been shown
to affect the distributimal pattern of male and female C. impunctatus
(Kettle 1960). Male and female C. impunctatus increased at sites where
hosts were present. At sticky traps C-1 and E-5 only females increased
in numbers. The lack of an observed increase in male C. variipennis at
sitgs C-1 and E-5 may have been due to my inability to detect differ-
ences in midges numbers. Low numbers were collected at these sites

(Tables 24 & 25).

Vertical Dispersal

Culicoides variipennis when not influenced by host presence, was

collected most on sticky traps at 1.83 m and 3.®% m. This is in agree-
ment with the sticky trap study by Kettle (1951). Reuben (19%3) used
suction traps to Astudy C. impunctatus. He found no difference in num-
bers collected at 0.91 m and 1.83 m but found a sharp decrease at 0.15
m. He combined his work with Kettle and suggested that between 0.91 m
and 3.05 m C. impunctatus was more or less evenly distributed. Davies

(1965) used wind traps to study the biting midge Leptoconops bequareti

Kieffer. He found that more midges were presernt at 0.91 m. Results for

C.variipennis were similar to C. impunctatus, but since sticky cylinders
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were not placed below 0.61 m or between 0.61 m and 1.83 m, I could nct
determine at which height, if any, a distinct decrease in catch would
occur.

The population density at various heights is dependert cm the
density of the terrestrial population, the proportiom taking flight and
the behavior of the insect; including time of flight related to boundary
layer effects and host-seeking (Jomsoc 1969, Taylor 1974). Results
from this study add the factor of distance from its breeding source.
The farther a trap was located from the breeding site, the greater the
proportion of C. variipennis collected at increasing heights (Figure 15
& Table 27). Twenty-six percert of the total midges collected at site
A-3 were collected above 3.5 m, 4% at site B-3 and 52% at site C-=2.
Vertical dispersim away from a source was not shown in either study on
C. imunctatus (Kettle 1951, Reuben 1963). This may have been due to
the lack of traps above 3.0 m. Also, Davies (1% 5) found 99% of the
total catch of L. bequareti to be below 3.05 m, but no infomatim is
available on his placemert of traps relative to breeding sites.

) It has been shown that crepuscular insects are least subject to
wind changes because dawn and dusk are the calmest parts of the day
(Southwood 1962). During this period air currerts are least likely to
transport the insect away from favorable habitats. But the increase in
proportion of midges collected at greater heights farther from the
breeding site promotes dispersal. Vertical movement would increase the

nunber of midges that would erter the upper layer of air and increase
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the possibility of passive transport by atmospheric turbulence. Trans-
port by wind increases potential colmizatim of rew and distant sites,
increases interpopulaticm mixing and increase disease transmissim.

Host presence also affected vertical distribution. Sticky traps at
sites C-1 and E-5 collected larger numbers when hosts were presernt.

But, the maximum catch was from 0.61 m instead of 1.83 or 3.15 m.
(Tables 24 & 25). The 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 time,
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 0.61 m increased from 25 to 47%. The percent of males collected
increased from 30 to 45%.

A change in the height of flight of a haematophagous insect may be
caused by the insect's oriertatim towards the host. The attractiom of
mosquitoes to warm blooded mammal and CO2 has been classified into zones
at which successive host stimuli were first encountered (Gillies &
Wilkes 1969). The zones of stimulization were further examired for sim-
ulids by Bradbury and Bennett (1974). The gereral hypothesis is that
haematophagous insects orientate upwind and follow host odor patterns
until they enter close range orientatim when host odors may be. overrid-
den by visual attractiam. Perhaps this hypothesis can be applied to the
change in flight path shown by C. variipennis. Knowing that this spe-

cies is attracted to C02 (Nelsocn 1965) and CO, is heavier than air, if

2
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midges detected the 002 before they encountered the host they may alter
their height of flight in accordance with an increase in the concertra-

tion of 002. This factor would increase the potertial catch of midges
from traps placed at lower heights. A change in the height of flight
due to host odors may be why C. v'arigg' ennis has been found mainly on the
belly regims of cattle (Jmes 19 1a, Schmidtmann et al. 198a).

Males also were trapped in greater numbers at 0.61 m at sticky trap
site A-3 when hosts were present. Does this mean that they are also

attracted to host cdors? The attractiom of males to host animals is

extremely rare in nature. In Russia, Culicoides rubeculosus males mated

with females while females engorged on the host animals (Downes 1955).
In this study, males were collected from host animals in Saltville, but
no attempt was made to observe mating. If males did oriertate to host
odors like the females it may explain why more were collected at 0.61 m

at sticky trap site A-3 when hosts were presert.

Gonotrophic Age

In order properly to interpret the results of the blacklight trap
study it is necessary to have a clear understanding of the gonctrophiec
ages of adults that were trapped. First, with the exceptiom of the ani-
mal bait trap, no trapping method collected engorged females. This is
not surprising since most engorged females stay near the host until the
eggs are fully developed. Gravid females do not usually seek a host

which is supported by their absence from the bait animal trap. Though
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some gravid C. variipennis were collected {rom the bait animal trap on
the coastal plain (page 61). Trap bias can be determined by examining
the proportimate nmumber of gravid females collected by each trapping
method. Twenty-two percernt of the females collected in the D-Vac sam-
pler were gravid. During the compariso tests, the sticky traps col-
lected 2% gravid females and the Marsh BLT 50% gravid females. Assuming
that the D-Vac is an unbiased sampling tecmique then gravid females
appeared to avoid the sticky traps but were attracted to the blécklight
trap.

The large number of gravid females collected in the Marsh BLT may
have been iﬁfluenced by the same factor(s) that caused an increase in
the number of parous females collected in the Marsh BLT. Gravid females
seek an ovipositio site at night (Jones 1967, pers. obs.). They may
also be aggregated near the mud-water interface where they oviposit.
The ovipositim site for this species was 9 m from the Marsh BLT.
Aggregation by gravid females near ovipositimm sites has been suggested
by Downes (1950) for C. nubeculosus and may occur in C. variipennis.
This would inecrease their presence mear the Marsh BLT. No infomatim
is known o when this species again seeks a host to begin subsequert
gonotrophic cycles, but if recemtly parous females delay host-seeking
they also would be concerntrated aound the breeding site. A concertra-
tim of gravid and recently parous females around the breeding site may
have contributed to the high number of gravid and parous females col-

lected in the Marsh BLT. Since the proporticm of gravid and parous
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females collected in the Marsh BLT was not the same as the D-Vac, those
collected in the Marsh BLT would have to be attracted to the artifical
light when not in flight. Uniess, gravid and parous females were
attracted to light more than nulliparous.

The effect of artifical light m moths has been studied by several
authors (Robinson & Robinsam 1952 , Callahan 1965, Hsiao 1971) and the
gereral trapping effect of artificial light was reviewed by Verheijen
(1960). Various hypothesis have been proposed to explain attractim to
light including a dazzle effect, attraction to a dark area near the
light, illumination etc.. In house flies it has been shown that the
wavelength of light used affected the physiological age of the catch
(Pickens et al. 1969). The effect of artifical light o the catch of
Culicoides has been limited to tests with differemt types of lights.
The wavelength of light affected the number collected and the species
composition (Belton & Pucat 19%7, Rowley & Jorgensen 1967), but no
information is available on the mechanism of attractiom or the influnce
of artifical light.

Habitat can not be excluded from consideration. 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 nct differ
(page 70). The BLT was located 60 m from the rearest known breeding
site and was hidden from view of the breeding site by a barn. The bait
animals, sheep and cattle, were positimed 50 and 80 m from the rearest

breeding site, respectively. The bait animals were also hidden from the



142

breeding site by the barn. There, the positim of the trap may have
prevented recertly parous females from being attracted to the BLT. It
would be interesting to compare parous rates of a BLT and a bait animal
at various distances from the breeding site in Saltville to examine
further the effect of site.

From these observatims it appears that in certain locatims and
with the use of differert trapping methods, C. variipennis will differ
in relation to the proportim of each gonctropnic age collected. It is
difficult to do more than propose the idea that light may effect the age
of catch in C. variipennis under certain situatims; though the possi-
bility is likely and is supported by the results of studies m mosqui-

toes (Morris & DeFoliart 1969, Service 1976).

Seasonal Population Trends

The movement of insects away from and towards breeding grounds has
important evolutimary, life history and disease transmission implica-
tions. The blacklight study showed that gonctrophic age compositim
differed depending on the distance from the rearest breeding site.

Midge parous rates decreased with distance (Table 18). This implied that
nulliparous females moved away from the breeding site while parous
females were found closer to the breeding site. Therefore, the poten-
tial for disease transmission was higher near the breeding site. But,
it was discovered that the Marsh BLT may have been biased for gravid and

parous females, Therefore, one must use cautiom when interpreting the
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results from the blacklight traps, Only if all the light traps had
equal bias for differert gonotrophic ages would the results represent
true midge movemert.

However, several other results support the above conclusims.
First, though low numbers were obtained, the sticky trap placed closest
to the breeding site (A-3) collected midges with a higher parous rate
than did the the me located 590 m from the breeding site (D-3) (Table
30). Second, the large number of nulliparous females collected in the
Allison BLT compared to the mumber collected in the Totten BLT indicated
movement of nulliparous females (Table 28). Third, a recernt mark-recap-
ture study on C. variipennis showed that the females could fly up to 2
Km within the first eight hrs after release (Lillie 1978). These three
results support the conclusim that nulliparocous females move soon after
emergence .

Population peaks occurred at differert times not mly between
sticky trap A-3 and the Marsh BLT, but also between differert sticky
traps, and differert light traps. At some times they were in concordance
with each other and at other times they were not. Variatiom in popula-
tim trends often occcurred when differert trapping methods were used to
study the biology of Culicoides (Bidlingmayer 1961, Linley et al. 1970,
Kline & Axtell 1976). In most studies weather is considered the most
important factor to explain catch differences between trap types. 1In
this study, it was observed that the type of habitat, the locatiocm of
trap and the proportian of each gonCropnic age the trapping method col-

lected should be considered.
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SUMMARY

Culicoides variipennis dispersed a minimum of 0.8 Km from the

nearest breeding site. Dispersal was also vertical. A higher proportim
of midges were collected at a height of 1.83 m mear the breeding site
while farther away a higher proportiom of midges were collected at a
height of 3.0 m. The percert of total catch on sticky traps located
higher than 3.% m increased as the distance from the rearest breeding
site increased. Female midges converged around host animals and females
and males were captured at lower levels when hosts were present.
Comparisons indicated that the Marsh blacklight trap was biased for

gravid and parous females while gravid females tended to avoid sticky
traps. Though the Marsh blacklight trap was biased, several observa-
tims indicated that nulliparous females moved away from the breeding
site and parous females were found in higher numbers near the breeding
site. Since epidemiological risk (vector potertial) is directly related
to the number of parcus females in a given locatim, the vector poten-

tial of C. variipennis was greatest rear the breeding site.
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GENERAL CONCLUSIONS

Trap type, time and site influenced the species composition, number
collected and female age. Thirty species were collected in the BLTs and

17 in the bait traps. Culicoides biguttatus, C. stellifer, C. variipen-

nis, and C. venustus were the most abundant species collected in both
traps. They were uni(bi)voltine, multivoltire, multivoltire and multi-
’voltine respectively. C. obsoletus was also collected in high numbers
in the BLTs but not in the bait traps. This species was multivoltire.

Eignt new host records were reported in this study. The drop trap
collected more midges than did the vacuum trap, and the cattle trap col-
lected more midges than did the sheep trap. Surface area fomulas are
inaccurate in explaining differences in catch from hosts.

Culicoides stellifer began host-seeking activity at SS-30 in bait

traps and continued to be collected in the blacklight trap the remainder
of the night. Earlier in the evening, nulliparous females were col-
lected in higher percentages than parous females. Time of flight for C.
stellifer was delayed when the temperature waé above 25°C.

C. big utta’tus and C. variipennis peaked at SS+30 in the bait traps
but continued to be collected in the BLTs after dark. C. venustus
peaked in the bait traps at SS+60 and continued to be collected in the
BLTs after dark. The parous rate of C. variipennis was higher in the
cow trap than the sheep trap at the CP site. This was also true for C.
stellifer at the PP site. |

145



146

A morphometric study of C. variipennis in Virginia showed that
taxonanic characters used to separate species or subspecies in Virginia
were to variable. Temperature, salinity and rainfall affected this var-
iability. ‘Tber'ef‘orve, I concluded that in Virginia using the presert
taxonanic characters that amly one species is présert.

Culicoides variipennis males swarmed 15-20 min before sunset and

99% of the females that entered the swarm were rulliparous. Ore mating
pair dropped to the ground every 10 sec and remain in copula from 30-120
sec. The time spend on the ground by mating pairs significantly
increased successful insemination (p<0.01).

Females collected from swarms could nct always be separated to C.

occidentalis or C variipennis using the width of the third maxillary

palp as stated in Dowres (1978). The presence of intermediate widths
supports the conclusion that C. variipennis is one ecotypic species in
Virginia.

Dispersal of C. variipennis was at least 0.8 Km. More midges were
collected at 1.83 m and 3.05 m than at 0.61 m. When hosts were rear the
sticky traps more midges were collected at C.61 m. Host presence also
increased the mumber collected.

Extended sticky traps showed that C. variipennis can be found at
9.15 m and that there was vertical movemert away from the breeding site.
There was a positive correlaticm between numbers collected at the breed-

ing site and those collected at traps farther away.
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Comparisan tests showed that sticky traps, D-Vac, and bait traps
collected similar percentages of parous individuals. The Marsh BLT col-
lected a higher percentage of parous females than did the above sampling
metkndé. The parous rate of midges collected in the Marsh BLT were also
higher than the parous rates from the Totten or Allismmn 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 (50%) when compared to sticky traps (2%) and the D-Vac (22%). This
suggested that the sticky traps were avoided by the gravid female and
attracted to the Marsh BLT (assuming that the D-vac was an unbiased sam-
pling tecmique).

Though the Marsh BLT was biased for parous and gravid females,
other data indicated that nulliparous females moved away from the breed-
ing site. Since more parous females were closer to the breeding site,

this would be the area of concern for maximum disease control.
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Appendix A: Culicoides collected in blacklight traps during 1978
and 1979 in Virginia; listed by year, site, trap time
and reproductive status.
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TABLE A-1. Culicoides collected in Blackliaht traps (12 trap niahts) at the Coastal
Plein site, from 30 minutes pre sunset to 90 minutes pest sunset durine
1878, in Virginia.

Species Nulliparous Gravic Parous Engoroec Total
C. alexander: 1 e o] C 1l
C. arboricecle 1 1 o] & 2
C. bickleyi 4 s ¢ e <
C. bigattatus 37 C 8C 7 12¢
C. crepuscularis 3 4 s C 7
C. Gebilipaipis 2 1 1 C 4
C. furens 5 o 2 4 11
C. guttipennis i C @ 0 1
C. haematopotus 2 1 o] C 3
C. cbsoletus € 13 2 1 22
C. sancuisuge 3 ¢ C c 3
C. srinosus € c c C €
C. stellifer G4c 4 £2¢ 17 139¢
C. traviesl 2 1 0 0 32
C. variipennie 80 21¢ 21¢e 7 518
*C. wvenustus ¢ 1 C 2 160
Total 1259 240 732 38 2269

*Parity was not determined for this species.
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TABLE A-2. (Culicoides collected in Blacklignt traos (15 trac niahts) at the Coastal
Plain site from 30 minutes ore sunset to 50 minutes post sunrise during
1878, in Virginia.

Species Nulliparous Gravid Parous Engorged Total
C. alexanderi 1 0 e o] 1
C. arbericeola 3 1 C o} 4
C. bicklevi 13 0 o] o] 13
C. biguttatus 12583 i8 571 107 1949
. crepuscularis 26 21 30 o 77
C. debilipalpis 2 1 1 0 4
C. furens 24 o] 83 4 91
C. guttipennis 2 8 8] 0 2
C. haematopotus 24 10 G s 34
Z. mulrennani | o 2 0 kS
C. obsoletus 33 38 5 z 54
C. ziliferus 2 G [ o 2
Z. sanguisuva 34 ¢ 4 8 46
C. spinosus 874 2 14 1 689
C. stellifer 3091 29 2650 54 7824
C. testudinalis 0 0 1 Q 1
C. travisi 10 3 2 1 16
C. wvariipennis 1527 1508 3581 17¢ 6786
*C. venustus 0 7 o] 7 1259
Totals 29973 1653 6922 353 183801

*Darity was not determined for this species.
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TABLE A-3. (Culicoides collected in Blackliaht traps (15 trap nights) at the Piedmont
Plateau (Bennett Farm), from 30 minutes ore sunset to 90 minutes nost sun-
set during 1978, in Virginia.

Specias Mulliparcus Gravid ?arcus Zngorged Total
. alexanderi 1 2 2 ] L
C. arboricola 2 9] 3 y 2
C. bicklevi & a o 3] 3
Z. biguettatus 20 1 3 3 32
C. crapuscularis 3 3 2 s 3
Z. guttipennis 3 5 3 3} 3
C. haematopotus 1 3 L 32 3
C. obsoletus 43 48 2 2 113
C. sanguisuga 4 3 3 3 Lo
<. spinosus _3 c 2 o) 11
C. stellifasr 5053 56 1386 10 377
C. variipennis 7 3 a 3 21
C. venustu ] 2 3 2 30
Total 762 137 238 13 1150

*Parity was not determined for this species.
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TABLE A-4. Culicoides collected in 3lacklignt trans (15 trap nichts) at the Piedmont
e " n ) m
P]aCeau_\Farrws Farm), from 30 minutas ore sunset to 90 minutas nost sun-
set during 1978, in Virginia.

Species Nulliparous Gravid Parous Engorged Total
C. alexanderi 1 1 7 0 21
C. arboricola 2 1 1 3 4
C. baueri ] 1 Q S L
C. bickleyi 8 L 2 ] 22
C. biguttatus 2 13 20 3 14
C. crepuscularis 2 36 1 1 k)
C. debilipalpis 2 J 3 2
C. guttipennis 2 I J 3 i
C. haematopotus 33 7 2 c L3
C. husseyi L 2 3 s} X
2. Jamnbacki 17 2 7 g 33
C. nanus i L J 2 2z
£. niger 1 2 2 b 1
C. obsoletus 25 28 21 L 74
Z. parapiliferus A 13 5 3 i
C. piliferus 4 12 3 3 9
C. sanguisuga 3 2 7 3 13
C. spinosus b 2 o] o] L
C. stellifer 28 29 14 8] 71
C. r=2scudinalis 1 L 2 ) 4
C. travisi 7 3 < i 20
C. wvariipennis 3 3 4 s 14
*C. venustus 9 1 2 2 2
C. wvillosipennis 18 0 2 b} L3
Tota ls 211 188 101 3 503

*Parity was not detarmined for this species.
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TABLE A-5. (Culicoides collected in 3lacklight traps (11 trap nights) at the Ridae
and Valley Province from 30 minutes pre sunset to 90 minutes ocost sunset
during 1978, in Virginia.

Species Nulliparous Gravid Parous Zngorged Total
C. alexanderi 9 1 1 3 11
C. bergi 1 1 2 3 2
C. bicklevyi 10 1 o] 3 11
C. bigattactus 2 1 1 2 2
C. crxepuscularis 3 0 2 o] 15
C. haematopotus 2 2 ] 3] 2
C. jamnbacki 3 0 o) 2 3
C. obsoletus 27 149 2 1 179
C. parapilifarus 3 ] J 3 4
C. piliferus 1 2 Q o) 1
C. sancquisuga 3 8] 3 3 3
C. spinosus ] 2 1 2 1
C. stelliferxr 52 11 19 1 30
C. travisi a 5 1 3 7
C. variipennis ol o] 2 s} 2
*T. venustus o] 0 Q 2 14
Total 132 182 31 2 347

*Parity was not determined for this species.
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TABLE A-6. Culicoides collectad in B8lacklight traos (12 trap niants) at the Ridge
and Vailey Province from 30 minutes ore sunset to 30 minutes oost sunrise
during 1978, in Virginia.

Species Nulliparous Gravid Parous Zngorged Total
C. alexanderi 9 Q o] Q 3
C. bauexi o} 13 0 o] 15
C. bergi 3 7 3 2 10
Z. bicklevi 4 2 2 2 3
<. bigattatus 33 13 11 4 126
C. crspuscularis 5 13 1 3 a3
C. Juttipennis 5 Q 2 s 3
C. haematopotus L 35 o 1 37
C. cbsoletus 119 378 68 2 353
C. piliferus 2 2 2 2 2
C. sanguisuca 14 3 2 I 7
C. 3pincsus 43 14 L 2 50
C. stallifer 134 28 45 4 231
C. travisi 5 30 1 b} 36
C. wvariipennis 4 7 22 Q 43
*C. wvenustus 2 4 .} 2 31
Total 334 503 173 13 1329

*Parity was not determined for this species.
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TABLE A-7. Culicoides collectad in Blackiiant traps (18 trap niahts) at the Coasta
Plain site, 30 minutes pre sunset %o 30 minutes post sunset, during 1987
in Virginia.

i
9,

Species Nuiiina:ous Sravid Farous Engorged Total
C. arboricola Q 2 1 2 3
C. bergi 1 o) ) ] 1
<. bigattatus 37 o] 32 19 168
C. crepuscularis 0 3 1 i 5
C. debilipalpis 1 b} 1 2 2
Z. Zurens 22 3} 2 g 24
C. guttipennis 3] 8] 3 0 3
., haematopcotus 2 1 3 2 3
C. husseyi 2 ] D] b 2
Z. Jamnbacki s} 0 2 8] 3
C. niger 3! 3 1 2 1
<. obsolestus o] 1 2 3 i
C. pilifsrus 3 3 2 J 5
<. sanguisuca 2 o] J Y 2
C. spinosus 2 2 1 2 10
C. stellifesr 1365 i 3639 13 1248
C. =estudinalis 8 1 2 3 3
. =ravisi 1 s} 2 ] 3
C. variipennis 571 5330 546 27 1394
*C. venustus o] 0 ] 0 01
Total 2133 564 1324 60 4179

*0arity was not determined for this species.
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TABLE A-3. Culicoides collected in 3lacklight trans (18 trap nichts) at the Coastal
Plain site, from 30 minutes pre sunset %0 50 minutes cost sunrise, during
1979, in Virginia.

Species " Nulliparous Gravid Parous Engorged Total
» C. arboricela 12 2 1 Q 15
C. bergi 1 Q Q a 1
C. biguttatus 492 24 8553 28 1199
C. crepuscularis 29 23 3 1 36
. debilipalpis i Q 1 o] 2
C. Zurens 170 g 115 2 287
C. zuttipennis 8} o} 3 2 3
C. haemotopotus 3 3 2 2 15
C. hussevi o] g 12 > 12
2. jamnbacki 1 a 1 b) 2
C. niger 2 Q 9 2 3

2. obsolestus 3 i 2 3 X
C. piliferus 2 3 3 J 7
C. sanguisaga 14 o/ 1 0 15
C. spinosus 7 3 1 2 18
C. stallifer 3435 22 5215 51 13733
C. testudinalis 1 11 2 2 14
C. travisi 11 1 12 o] 24
C. variipennis 2369 2568 2887 78 7902
*C. venustus 0 9 Q 12 289
Total 13532 2872 3920 182 256306

*Parity was not determined “or this speciss.
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TABLE A-3. Culicoides collected in 3lacklight traps (12 trap nights) at the Piedmont
Plateau from 3Q minutas pre sunset to 30 minutes oost sunsat durina 1379,
in Virginia.

Species Nulliparous Gravid Parous Engorged Total
C. arbhoricola Q 7 5 0 13
C. bigattatus 39 14 35 o} 208
C. crepuscularis 2 s o] Q 3
Z. debilipalpis b i ) o) L
C. Tuttipennis 4 S 3 a 4
C. haematopotus 3 12 1 1 17
C. nhusseyi o) 5 2 3 2
C. Jjammbacki 3 3 3 8] 3
C. obsoletus 33 137 26 1 219
C. piliZferus 8] 3 3 3 2
C. sanguisuga 3 8] 3 o) 3
2. scanloni o] 3 o) 3 3
C. spinosus 20 4 5 ) 30
C. stallifsr 326 267 387 10 1460
C. =astudinalis 3 3 2 o] 10
C. travisi 3 24 8] o] 27
C. wvariipennis 7 36 33 o 78
C. venustus 3] ] o] o} 51
Total 1082 525 540 15 2162

*Parity was not detarmined for this species.
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TABLE A-10. Culicoides collectad in 3lacklight traps (9 trap niahts) at the Ridge
and Yalley Province from 30 minutes ore sunset to 30 minutes post sunset
during 1979, in Virginia.

Spacies Nulliparous Gravid Parous Engorced Total
C. alexanderi o] Q 1 o] 1
C. arboriccla Q 7 4 0 11
C. bauer: 3 13 8] ) 15
C. cergi 2 1 J o] 1
C. bicklevi 5 1 20 8] 27
Z. bigactatus 2 19 1 1 25
C. crapuscular:s L A3 3 ¢ 59
C. haematopotus 1 5 J 2 7
C. hinmani 1 2 Q o) 1
C. obsoletus 11 28 i 3 50
C. ziliferus J 5 o} 3 3
<. spinosus e} 12 3] J 32
C. stellifer 13 33 3 3 735
C. zestudinalis 2 3 2 s} 2
C. zravisi 7 153 3 3 166
C. wvariipennis 3 33 11 1 73
C. wvenustus 9 2 o] o) 3
Total a7 464 49 3 588

*Paprity was not

detarmined for this species.



Appendix B: Culicoides collected from bait animals durino 1978 and
1979 in Virginia; listed by year, site, bait and trano
period.
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TABLE B-1 Culicoides collected 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 Coastal Plain site, in Virginia, 1978.

Species Trap SS-30 SS SS+30  SS+60  Total
€. arboricola Cow 0 0 1 0 1
Sheep 0 0 Q0 0 0
C. biguttatus Cow 3 7 0 5 15
Sheep 0 4 0 0 4(+1?)
C. erepuscularis Cow 0 Q 2 0 2
Sheep 0 1 0 0 1
C. fuvens Cow 1 0 0 0 1
Sheep 0 0 0 0 0
C. hollensis Cow 0 0 0 1 1
Sheep 0 0 0 0 0
C. niger Cow 0 0 0 0 0
Sheep 0 1 0 0 1
C. obsoletus Cow 0 0 0 0 0
Sheep 0 0 1 0 1
C. sanguisuga Cow 0 0 0 2 2
Sheep 0 0 0 0 0
C. stellifer Cow 10 6 5 2 23
Sheep 26 2 0 29
C. variipennis Cow 24 38 72 77 211
Sheep 4 8 13 3 28
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TABLE B-2  Culicoides collected in bait traps at sunset minus
30 minutes (SS-30), sunset (SS), sunset plus 30
minutes (SS+30), and sunset plus 60 minutes (SS+6Q),
at the Piedmont Plateau, in Viraginia, 1978.

Species Trap $S-30 SS S$+30  SS+60  Total
C. biguttatus Cow 0 0 0 0 0
Sheep 0 1 0 0 1
C. debilipalpis Cow 0 0 0 0 0
Sheep 0 2 0 0 2
C. guttipennis Cow 0 0 1 0 1
Sheep 0 0 0 0 0
C. obsoletus Cow 0 1 2 0 3
Sheep Q 0 0 2 2
C. sanguisuga Cow 0 1 0 0 1
Sheep 0 Q 0 0 0
C. stellifer Cow 1 0 0 1 2
Sheep 12 18 17 1 48
C. variipennis Cow 0 1 1 0 2
Sheep 0 0 -0 0
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TABLE B-3  Culicoides collected 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 Ridge and Valley Province, in Virginia, 1978.

Species Trap $5-30 SS SS+30  SS+60 Total
C. bickleyr Cow 0 0 0 0 0
Sheep 1 0 0 0 1
C. biguttatus Cow 0 0 0 0 0
Sheep 0 2 7 0 9
C. crepuscularis Cow 0 0 0 1 1
Sheep 0 0 0 0 Q
C. obsoletus Cow 0 0 0 0 0
Sheep Q 0 1 0 1
C. sanguisuga Cow 0 0 0 0 0
Sheep 0 0 1 0 1
C. spinosus Cow 0 0 0 0 1?
Sheep 0 0 0 0 0
C. stellifer Cow 0 0 2 0 2
Sheep 12 12 3 1 28
C. variipennis Cow 0 0 0 0 0
! Sheep 0 0 1 0 1
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TABLE B-4  (Culicoides collected in bait trapns at sunset minus

30 minutes (SS-30), sunset (SS), sunset olus 30
minutes (SS+30), and sunset nlus AN minutes (SS+AN),
at the Coastal Plain site, in Virginia, 1979.

Species Trap SS-30 SS SS+30  SS+60 Total
C. biguttatus Cow 13 55 72 25 165
Sheep 1 3 27 2 33
C. crepuscularis Cow 1 0 0 0 1
Sheep 0 0 0 0 0
C. furens Cow 3 4 6 2 15
Sheep 1 0 1 2
C. niger Cow 2 0 Q 0
Sheep 0 0 1 0 1
C. ptliferus Cow 0 1 0 -0 1
Sheep 0 0 0 0 0
C. sanguisuga Cow 0 0 1 0 1
Sheep 0 0 0 0 0
C. spinosus Cow 1 0 3 0 4
Sheep 0 2 2 0 4
C. stellifer Cow 264 225 187 47 723
Sheep 33 41 62 5 141
C. travist Cow 6 0 3 2 11
Sheep 3 0 0 0 3
C. variipennis Cow 34 300 1154 233 1721
Sheep 1 7 156 18 182
C. venustus Cow 1 1 21 21 44

Sheep 0 0 4 2 6
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TABLE B-5 Culicoides collected 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 Plateau, in Virginia, 1979.

Species Trap S$S-30 SS SS+30  SS+60 Total
C. biguttatus Cow 7 0 4 0 1
Sheep 2 0 3 0 5
C. obsoletus Cow 2 1 0 0 3
Sheep 1 0 0 0 1
C. sanguisuga Cow 0 0 1 0 1
Sheep 0 0 0 0 0
C. spinosus Cow 0 0 2 0 2
Sheep 0 0 Q 0 0
C. stellifer Cow 21 25 26 9 81
Sheep 10 13 34 1 58
C. variipenntis Cow 0 0 0 1 1
Sheep 1 0 7 0 8
C. venustus Cow 0 0

O N
o

0
Sheep 0 0 0
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TABLE 8-6  Culicoides collected 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 Ridge and Valley Province, in Virginia, 1979.

Species Trap  SS-30 SS SS+30 " SS+60  "Total
C. biguttatus Cow 0 0 1 0 1
Sheep 0 0 0 0 0
- C. piliferus Cow 0 0 1 0 1
Sheep 0 0 0 0 0
C. spinosus Cow 0 2 0 2
Sheep 1 Q 0 0 1
C. stellifer Cow 4 0 3 0 7
Sheep 0 0 0 0 0
C. traviei Cow 0 1 0 0 1
Sheep 0 0 0 0 0
C. variipennis Cow 0 0 1 0 1
Sheep Q 0 0 0 0
C. venustus Cow 0 0 1 0 1
Sheep 0 Q 0 0 0




Appendix C: Culicoides variipennis collected from the 3 blackliaht
traps used in the comparison of parous rates in 1980
Saltville, VA.
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TABLE C-1. Culicoides variipennis collected in the Marsh blackliaght
trap used in the comparison of parous rates between black-
light traps in 1980, Saltvilie VA.

Date Nulliparous Gravid Parous Total
June 16 5 93 93 191
17 84 604 112 800
30 . 66 1479 110 1655
July 1 66 1479 110 1655
16 208 386 126 720
17 60 653 105 818
18 24 650 82 756
19 24 560 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
25 33 254 28 315
27 90 785 73 948
30 14 240 46 300
31 61 254 193 508
Aug. 1 70 695 290 1055
2 72 548 140 760
3 70 775 240 1085

4 55 333 28 416




TABLE C-1 cont.
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19
21
23
24
25
26
27
28
30
31
Sept. 1

= W

Total

Nulliparous
101

73
86
3

4

5
10
13
34
30
67
119
12
143
167
65
14
30

2464

Gravid
631
990
835

59
204
198

57,

86
106

76
162
357
397
248
770
365

64
192

19108

Parous

73
68
103

13
16
83
110
74
100
477
397
143
14
153
88
199

4663

215
216

83
182
250
180
329
953
806
534
951
583
166
421

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-
light traps in 1980, Saltville VA.

Date Nulliparous Gravid Parous Total
June 16 1 3 8 12
17 6 24 20 50
30 0 11 6 17
July 1 13 35 35 83
16 33 16 18] 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 17 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




TABLE C-2 cont.
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Date

19
21
23
24
25
26
27
28
30
31
Sept. 1

Total

Nulliparous

104
10

11
26
10

14

18

466

Gravid

227

Parous

70
11
18

17
44
13

19
30
27

473

180
24
25

12

19

10
30
86
30
13
35
50
46

1166
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TABLE C-3. Culicoides variipennis collected in the Allison blackliaht
trap used in the comparision of parous rates between bjack-
light traps in 1980, Saltville VA.

Date Nulliparous Gravid Parous Total
June 16 0 0 2 2
17 2 2 7 11
30 - 4 0 | 8
July 1 13 8 4 25
16 81 14 13 108
17 48 147 28 90
18 19 6 14 39
19 79 13 26 118
20 85 - 37 126
21 57 3 17 77
22 32 2 4 38
23 11 7 10 28
24 4 0 1 15
25 15 0 10 25
27 10 17 6 33
30 18 E 14 36
31 94 0 20 114
Aug. 1 23 3 23 49
2 36 2 14 52
3 22 4 9 35
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TABLE C-3. cont.

Date Nulliparous Gravid Parous Total
Aug. 5 2 0 1 3
19 28 2 6 36
21 9 n 15 35
23 5 3 3 1
24 7 8 | 6 21
25 58 2 9 69
26 69 3 7 79
27 1 3 1 25
28 1 2 5 18
30 5 5 5 15
31 35 0 13 48
Sept. 1 47 7 17 7
2 43 38 25 106
3 13 5 19 37
4 23 7 1 11
5 35 7 19 61
5 11 4 5 20
9 9 3 4 16

Total 1082 219 453 1754




Appendix D: Weekly mean numbers of Culicoides variipennis collected
in the Totten BLT (1979 & 1978), and the Marsh BLT
(1980) in Saltville VA.
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TABLE D- 1. Weekly mean numbers of Culicoides variipennis collected
in the Totten BLT in 1679, Saltville VA.

Date Nulliparous Gravid Parous Total
6/1 - €/7 17C 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 29 61 120
7/6 - 7/12 41 70 125 236
7/13 - 7/19 147 144 315 606
7/20 - 7/26 €0 59 195 354
7/27 - 8/2 39 5C 39 128
g/ - 8/9 0 5 1 6
8/10 - 8/16 Q 1 0 1
8/17 - 8/23 ¢ 0 5 5
8/24 - §/20 1 2 C 2
§/31 - 9/6 0 1 1 2
9/7 - 9/13 1 4 4 G
/14 - 9/21 1 9] 4 5

Total 533 641 1230 2404
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TABLE D-2. Weekly mean numbers of Culicoides variipnennis collected
in the Totten BLT in 1980, Saltville VA.

Date Nulliparcus Gravid Parous Total
5/26 - 6/1 9 12 28 49
6/2 - 6/8 18 20 50 88
6/9 - 6/15 16 14 81 111
6/16 - 6/22 2 9 7 18
6/23 - 6/29 22 32 29 83
6/30 - 7/6 43 33 56 132
777 - 713 58 22 45 125
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 - §/10 36 16 58 110
8/11 - 8/17 44 12 27 83
8/18 - 8/24 6 2 9 17
8/25 - &/21 : 1 4 10
9/1 - 9/7 13 7 20 40

Total 331 201 455 987
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TABLE D-3. Weekly mean numbers of Culicoides variipennis collected
in the Marsh BLT in 1980, Saltville VA.

Date
5/26 - 6/1
6/2 - 6/8
6/9 - 6/15
6/16 - 6/22
6/23 - 6/29
6/30 - 7/6
777 - 7/13
7/14 - 7/20
7/21 - 7/27
7/28 - 8/3
8/4 - 8/10
g/11 - 8/17
8/18 - §/24
8/25 - 8/31
9/1 - 9/7

Total

Nulliparous Gravid Parcus Total
9 238 8eC 327
30 230 103 363
14 382 139 535
14 291 36 341
18 402 37 457
66 1475 110 1655
96 446 92 634
116 565 140 821
87 598 1c4 789
56 51C 146 712
75 373 80 528
174 609 254 1637
48 497 52 597
27 117 70 214
75 322 189 586
905 705¢ 1632 3596
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Seascnal abundance and host preference of Culicoides in Virginia; with

emphasis on the ecology of Culicoides variipennis (Diptera: Ceratopogo~

nidae)

‘ by Robert Henry Zimmerman

Abstract

Trap type, time and site influenced the species compositim, nunber

collected and female age. Thirty species were cwllected in the BLTs and

17 in the bait traps. Culicoides biguttatus, C. obsoletus, C. stelli-

fer, C. variipennis, and C. verustus were the most abundant species col-

lected in th traps.

Eignt new host records were reported in this study. The drop trap
collected more midges than did the vacuum trap, and the cattle trap col-
lected more midges than did the sheep trap.

Culicoides stellifer began Most-seeking activity at SS-30 in bait

traps and continued to be collected in the blacklight trap the remainder
of the mght. Earlier inthe ewning, nulliparous females were ml-
lected in higher percertages than parous females. Time of flignt for C.
Stellifer was delayed when the temperature was abowe 25°c.

CQulicoides biguttatus and C. variipennis peaked a SS+30 in the

bait traps tut continwed to be collected in the BLTs after dark. C.

verustus peaked in the bait traps at SS+60 and continued to be collected



in the BLTs af ter dark. The parous rate of C. variipennis was higher in
the cow trap than the sheep trap at the CP site. This was also true for
C. stellifer at the PP site.

A morphometric study of C. variipennis indicated that in Virginia
using the present taxonanic characters that only one species is presert.

Culicoides variipennis males swarmed 15-20 min before sunset and

99% of the females that erntered the swarm were nulliparous. Ore mating
pair dropped to the ground every 10 sec and remain in copula from 30-120
sec. The time spend on the ground by mating pairs significartly
increased successful insemimatiom (p<0.0Ql).

Dispersal of C. variipennis was at least 0.8 Km. More midges were
collected at 1.83 m and 3.3 m than at 0.61 m. When hosts were rear the
sticky traps more midges were collected & 0.61 m and midges collected
increased.

C. variipennis was collected £ least as high as 9.15m and verti-
cal mowvement occurred avay from the breeding site. There was a positive
correlatim between numbers collected & differert sites. Camparism
tests showed that sﬁicky traps, D-Vac, and bait traps collected similar
percert ages of parows individuals. The Marsh BLT collected a higher

‘percentage of parous females than did the above sampling metods. Midge
parouws rates from the Marsh BLT were also hignaf than the parous rates
from the Totten or Allisan BLTs.

Gravid females were wllected in higher percertages in the Marsh

BLT (50%) than on the sticky traps (2%) or in the D-Vac (22%). Though



the Marsh BLT was biased for parous and gravid females, other data indi-

cated that nulliparows females moved away from the breeding site.
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