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Insects Feeding on Desert Bighorn Sheep, Domestic Rabbits, and

Japanese Quail in the Santa Rosa Mountains of

Southern California
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ABSTRACT: Desert bighorn sheep (Ovis cana-

densis cremnobates), a domestic rabbit (Oryc-
tolagus cuniculus), and Japanese quail (Cotur-
nix japonica) were used as bait animals to collect
blood-feeding flies in an area of active blue-
tongue and epizootic hemorrhagic disease virus
transmission. Precipitin tests were used to con-
firm the blood source where feasible. Eight spe-

cies of Culicoides, members of the Leptoconops
kerteszi group, Simulium spp., Anopheles fran-
ciscanus, and Stomoxys calcitrans were col-
lected from the bighorn sheep. Feeding on the

bighorn sheep by Culicoides brookmani (n =

25), C. variipennis (n = 6), C. cacticola (n =

1), and Simulium spp. (n = 3) was confirmed

by precipitin testing. Primary species attacking
the rabbit were C. brookmani, C. variipennis,
and the L. kerteszi group. The quail were at-

tacked primarily by members of the C. copiosus
group and the L. kerteszi group.

Key words: Diptera, Insecta, Culicoides sp.,
Leptoconops sp., Ovis canadensis cremnobates,
host preference, blood feeding, trapping, blue-
tongue, epizootic hemorrhagic disease.

Desert bighorn sheep (Ovis canadensis

nelsoni and 0. c. crernnobates) in southern

California are known to be exposed to

bluetongue and epizootic hemorrhagic dis-

ease viruses (DeForge et a!., 1982; Jessup,

1985), which are presumed to be trans-

mitted by blood-feeding midges in the ge-

nus Culicoides (Gibbs and Greiner, 1988).

Based on surveys in the Santa Rosa Moun-

tains using traps baited with carbon di-

oxide (C05), at least 19 species of Culi-

coides are present (Mullens and Dada,

1992). The capture of insects in a C02-

baited trap suggests a blood-feeding habit,

but says little regarding the propensity of

the insects to bite a particular host species.

Blood-engorged insects collected in the

field are quite useful, but the identification

of the source of the blood meal then is

totally dependent on blood meal identifi-

cation tests in the laboratory. The reli-

ability of these tests varies with the quality

and type of the antisera used, methods,

experience of the investigators, and amount

of antigen (size of blood meal) (Washino

and Tempelis, 1983). An alternate or sup-

plementary method is to use bait animals

(Muller and Murray, 1977; Hayes et a!.,

1984; Gerhardt, 1986). Use of bait animals

was appropriate in this setting due to lack

of knowledge of Culicoides spp. resting

sites following a blood meal, the small size

of the insects (1 to 3 mm), the rugged

terrain which precludes use of some col-

lecting techniques (e.g., vehicle-mounted

traps), and the low field density of desert

bighorn sheep in the region. Our objective

was to determine which species of blood-

feeding flies fed on desert bighorn sheep.

We also determined which blood-feeding

flies would attack smaller vertebrates, us-

ing a domestic rabbit (Oryctolagus cunic-

ulus) and Japanese quail (Coturnix japon-

ica) as bait animals.

We conducted the studies at the Philip

L. Boyd Deep Canyon Desert Research

Center, at the base of the Santa Rosa

Mountains, south of Palm Desert, Califor-

nia (USA) (elevation 280 m, 32#{176}42’N,

1 16#{176}22’W). This area is naturally frequent-

ed by desert bighorn sheep. A 450 m2 en-

closure with a 2.5 m high chain-link fence

served to contain the animals and exclude

predators. Two hand-raised peninsular

bighorn sheep ewes (0. c. cremnobates)

were acquired from Living Desert in Palm

Desert, California, with the approval of

the California Department of Fish and

Game. A 1.3 m x 1.3 m x 1.3 m box was

constructed of chain link fencing to hold

a bighorn sheep during trapping periods.
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A 5-m-tall support structure was erected

adjacent to the box, from which a 2 m x

2 m X 2 m nylon organdy drop trap (Fig.

1) could be suspended from a horizontal

cross beam. The drop trap was raised and

lowered by means of a rope and pulley.

With the trap raised, the animal was ex-

posed to blood feeding insects for 10 mm.
During this time the investigators were 25

m away to minimize any potential bias

caused by human presence. After the 10

mm exposure period, the trap was lowered

to enclose the box in which the bighorn

sheep was held. The trap was left in place

for 10 mm to allow insects to complete

feeding, and an investigator then entered

the trap via a velcro opening. Insects were

removed from the interior of the netting

with a vacuum aspirator for 10 mm, the

trap was raised again, and the procedure

was repeated. Trapping was begun 60 mm

before sunset, and was continued at 30 mm
intervals until 90 mm after sunset. The

bighorn sheep then was released into the

larger pen area and was recaptured the

following morning. Trapping was re-

sumed from 30 mm before until 90 mm
after sunrise. Trapping was done weekly

on 14 dates between 8 March and 5 June

1990. This period includes the presumed

peak of arbovirus transmission to bighorn

lambs and is the period of maximum abun-

dance of many Culicoides spp. in the area

(Mullens and Dada, 1992). The daily trap-

ping periods were chosen because of the

crepuscular biting habits of many Culi-

coides spp. (Nelson and Bellamy, 1971).

Jackrabbits (Lepus californicus) were

abundant in the area, and a number of

wild bird species were common. To sim-

ulate these hosts, a 2 to 3 kg brown do-

mestic rabbit and five Japanese quail were

used as bait on the same trapping dates.

They were held in 25 x 75 mm mesh

(rabbit) or 13 mm mesh (quail) hardware

cloth cages 15 to 30 m from the bighorn

sheep. The cages were placed on boards

in large plastic-lined boxes with 5 cm of

water in the bottom to which 1 ml deter-

gent was added to break the surface ten-

FIGURE 1. Drop trap used to collect blood-feed-

ing insects from bighorn sheep.

sion. The rabbit and quail were placed in

the field 1.5 to 2.0 hr before sunset and

remained until 1.5 to 2.0 hr after sunrise.

The fluid in the pans then was strained

through a 100-mesh sieve, and captured

insects were retrieved.

Unengorged specimens were stored in

70% ethanol. Engorged specimens were

frozen at -20 C. All insects were identified

with the aid of Wirth et a!. (1985) and

reference specimens.

To test the feasibility of precipitin test-

ing, laboratory-reared C. variipennis were

fed on bighorn sheep blood through arti-

ficial membranes on water-jacketed feed-

ers adjusted to 37 C (Hunt and McKinnon,

1990), and then frozen. These flies later

were crushed individually in 0.1 ml of 1%

NaC! in a microfuge tube. A 0.05 ml sam-

ple of the fluid was used against saline

alone or commercially-available antisera

(Sigma Chemical Company, St. Louis,

Missouri) for rat, rabbit, dog, or sheep by

agar gel precipitin and capillary precipitin

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



478 JOURNAL OF WILDLIFE DISEASES, VOL. 28, NO. 3, JULY 1992

TABLE 1. Insects (Diptera) collected from peninsular bighorn sheep, domestic rabbit, and Japanese quail

in Deep Canyon, Santa Rosa Mountains, Riverside County, California, March to June, 1990.

Vertebrate species

Bighorn Rabbit Quail

Total Blood Total Blood Total Blood

Insect species recovered engorged recovered engorged recovered engorged

Culicoides brookrnani 167 25 13 6 0 0

C. varilpennis 37 6 3 0 0 0

C. copiosus group

C. cacticola 1 1 0 0 10 2

C. ryckmani 2 0 0 0 6 0

C.sitiens 0 0 2 0 4 0

C. lahontan 2 0 0 0 0 0

C.rnohave 1 0 0 0 1 0

C. (Avaritla) n. sp. nr. pusillus 1 0 0 0 0 0

C. n. sp. nr. lahillei 1 0 0 0 0 0

Leptoconops kerteszi group 55 1 13 6 9 2

Simuliurn spp. 21 3 0 0 1 0

Anophelesfranciscanus 1 1 0 0 0 0

Stornoxys calcurans 1 0 0 0 0 0

tests (Crans, 1969; Washino and Tempelis,

1983). Bighorn sheep blood reacted con-

sistently with anti-sheep serum only.

Wild-caught engorged specimens then

were similarly tested. As no animals such

as domestic ruminants or deer, whose b!ood

might react with the anti-sheep sera, were

found within several kilometers of the

study area, reactions with anti-sheep se-

rum were considered confirmation of

feeding on bighorn sheep. The few larger

engorged insects collected (black flies,

mosquitoes) were macerated in 0.3 ml sa-

line before precipitin testing. Bird antisera

were not available, and confirmation of

bird blood was not done. Some engorged

specimens that accidentally thawed prior

to testing were not analyzed.

Thirteen species of insects were recov-

ered from the bait animals (Table 1). In-

sects were not numerous due to a pro-

longed drought in the region (Mul!ens and

Dada, 1992), and numbers were too low

to discern possible hourly or die! differ-

ences in biting rates or species composi-

tion. The most numerous fly blood-feeding

on bighorn sheep and the rabbit was C.

brookmani. Culicoides brookmani was one

of the main species attacking rabbits, but

not quail. Several engorged specimens were

removed from the ears of the bighorn

sheep. Of 19 engorged C. brookmani test-

ed from the drop trap or directly from the

sheep, 16 reacted positively with anti-sheep

serum, while three were blank. Of five

engorged C. brookmani recovered from

water under the rabbit, one reacted posi-

tively with anti-rabbit serum, while four

were blank.

The second most common species en-
gorging on bighorn sheep was C. van-

ipennis. This species also was recovered
from the rabbit, but not the quail. Of six

engorged flies collected from the drop trap
over the bighorn sheep, four reacted with

anti-sheep serum, one reacted with both

anti-sheep and anti-rabbit sera, and one

was blank.

Remaining species of Culicoides were
collected in lesser numbers. Of the 25 C.

copiosus group specimens collected, 20

(80%) were from the quail, but only two

specimens (C. cacticola) had actually en-

gorged from that host. A single engorged

female C. cacticola was collected from the

drop trap around the bighorn sheep, and

the blood reacted with anti-sheep serum.

Other Culicoides attracted to the bighorn
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sheep and found unengorged in the drop

trap in very low numbers include C. la-

hontan (2), C. inohave (1), C. (Avanitia)

n. sp. near pusillus (1) and C. n. sp. near

lahillei (1).

The Leptoconops kerteszi group con-

sisted primarily of L. belkini and L. foulki,

based on identification of slide-mounted

specimens from that site (Mullens and

Dada, 1992). Leptoconops definitely were

attracted to the sheep, but only a single

blood-engorged female was collected, and

blood in this fly did not react with available

antisera. Leptoconops also were attracted

to and sometimes fed on the rabbit and

quail; of six engorged flies collected from

the water beneath the rabbit, five were

blank and one reacted with anti-rabbit se-

rum.

Black flies (Simulium spp.) also fed on

the bighorn, as perhaps did a single female

Anopheles franciscanus. The black fly

feeding was confirmed for two of the three

engorged flies with anti-sheep serum, but

the blood in the Anopheles did not react

with available antisera. The biting stable

fly, Stomoxys calcitrans, was collected

once.

Cuclicoides brookmani was by far the

most abundant species in CO2-baited suc-

tion traps in the Santa Rosa Mountains

(Mullens and Dada, 1992). Based on the

lack of specimens attracted to the quail, it

appears to be a mammal feeder. J. R. An-

derson (in Atchley, 1970) has collected this

species from the ears of deer (Odocoileus

hemionus), indicating a similar feeding

pattern on that related host. A large num-

ber of isolations of rabbit arboviruses re-

cently have been made from pools of Culi-

coides in the subgenus Selfia, including C.

brookmani, in Colorado (Kramer et a!.,

1990). While this is not evidence for the

role of C. brookrnani in hemorrhagic dis-

ease virus transmission, it does suggest the

species possesses other attributes (e.g. lon-

gevity) that may contribute to its ability

to vector pathogens (Mullens and Dada,

1992).

We confirm the mammal-feeding ten-

dencies of C. vaniipennis, in agreement

with prior studies (Tempelis and Nelson,

1971; Zimmerman and Turner, 1983). To

date, C. vaniipennis is the only proven vec-

tor of bluetongue virus in North America

(Gibbs and Greiner, 1988). The reaction

of blood from one specimen with both anti-

sheep and anti-rabbit serum may suggest

double feeding within a single gonotropic

cycle. While C. brookrnani and C. van-

ipennis appeared to prefer mammals, the

Leptoconops spp. were attracted to both

mammal and bird hosts. The C. copiosus

group, which develops in rotting cactus

(Ryckman, 1960), was collected most com-

monly from the quail, suggesting a pref-

erence for birds. The positive reaction of

blood in one C. cacticola with anti-sheep

serum, however, indicates this species also

may attack bighorn sheep.

The water pan traps beneath bait ani-

mals have promise in determining host-

feeding patterns of blood-feeding flies. The

fully-engorged insects often cannot fly well

and may apparently fall into the fluid and

drown as they leave the host. The advan-

tage of bait animal studies is that there is

a high degree of probability that engorged

insects collected from a given host actually

fed on that animal, though there also is a

possibility that the trap itself may have had

an influence on insects approaching the

host for a blood meal. We found that, while

the water traps did collect engorged in-

sects, the blood in these specimens was not

we!! suited for serological confirmation of

blood source. The collection of engorged

insects in the pan trap also suggests that

flies engorging from the bighorn sheep may

have ended up on the ground near the

sheep soon after engorgement. In such a

case, we may have missed collecting some

engorged insects which did not fly to the

mesh of the drop trap in the short period

involved.

We appreciate the support of the Cal-

ifornia Department of Fish and Game,

particularly David Jessup, in this study.

We thank Reid Gerhardt (Department of

Entomology and Plant Pathology, Univer-

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



480 JOURNAL OF WILDLIFE DISEASES, VOL. 28, NO. 3, JULY 1992

Received for publication 7 October 1991.

sity of Tennessee, Knoxville, Tennessee),

and Allan Muth (Dept. of Biology, Uni-

versity of California, Riverside, Califor-

nia) who critiqued an earlier draft of the

manuscript. Dr. W. W. Wirth’s (Gaines-

ville, Florida) assistance with species de-

termination was invaluable. Personnel from

Living Desert, including Karen Sausman,

Terrie Correll and most particularly Jay

Allen provided the bighorn sheep and ad-

vised on their care and execution of the

study. Virginia Skinner, also from Living

Desert, provided the bighorn sheep blood

for serological testing. Jason Chen, Lisa

Fry, James Hazen, Noor Tietze, A! Urena,

and Kirk Visscher assisted with sampling.

This study also would have been impos-

sible without the stellar cooperation of the

staff of Boyd Deep Canyon Desert Re-

search Center, including Allan Muth, Mark

Fisher, Don Bolda, and Tracy Weiss.

LITERATURE CITED

ATCHLEY, W. H. 1970. A systematic study of the

subgenus Selfia of Culicoides (Diptera: Cerato-

pogonidae). University of Kansas Science Bul-
letin 49: 181-336.

CRANS, W. J. 1969. An agar gel diffusion method
for the identification of mosquito blood meals.
Mosquito News 29: 563-566.

DEFORGE, J. H., D. A. JESSUP, AND C. W. JENNER.

1982. Disease investigations into high Iamb mor-

tality of desert bighorn in the Santa Rosa Moun-

tains, California. Transactions of the Desert Big-

horn Council 26: 76-81.

GERHARDT, H. R. 1986. Culicoides spp. attracted

to ruminants in the Creat Smoky Mountains Na-
tional Park, Tennessee. Journal of Agricultural

Entomology 3: 192-197.

GIBBs, E. P. J.,AND E. C. CREINER. 1988. Blue-

tongue and epizootic hemorrhagic disease. In The

arboviruses: Epidemiology and ecology. Vol. 2,

T. P. Monath (ed). CRC Press, Boca Haton, Flor-
ida, pp. 39-70.

HAYES, M. E., C. R. MULLEN, AND K. E. NUSBAUM.

1984. Comparison of Culicoides spp. (Diptera:

Ceratopogonidae) attracted to cattle in an open
pasture and bordering woodland. Mosquito News
44: 368-370.

HUNT, C. J., AND C. N. MCKINNON. 1990. Evabu-

ation of membranes for feeding Culicoldes var-

ilpennis (Diptera: Ceratopogonidae) with an im-

proved artificial blood-feeding apparatus. Journal

of Medical Entomology 27: 934-937.

JESSUP, D. A. 1985. Epidemiology of two orbiviruses
in California’s native wild ruminants: Prelimi-

nary report. Progress in Clinical and Biological

Research 178: 53-65.

KRAMER, W. L., H. H. JONES, F. H. HOLBROOK, T.

E. WALTON, AND C. H. CALLISHER. 1990. Iso-

lation of arboviruses from Culicoides midges

(Diptera: Ceratopogonidae) in Colorado during

an epizootic of vesicular stomatitis New Jersey.

Journal of Medical Entomology 27: 487-493.

MULLENS, B. A., AND C. E. DADA. 1992. Spatial

and seasonal distribution of potential vectors of

hemorrhagic disease viruses to peninsular big-

horn sheep in the Santa Rosa Mountains of south-
ern California. Journal of Wildlife Diseases. In
press.

MULLER, M. J.,AND M. D. MURRAY. 1977. Blood-

sucking flies feeding on sheep in eastern Austra-
lia. Australian Journal of Zoology 25: 75-85.

NELSON, H. L., AND H. E. BELLAMY. 1971. Patterns

of flight activity of Culicoides variipennis (Co-
quilbett) (Diptera: Ceratopogonidae). Journal of

Medical Entomology 8: 283-291.

RYCKMAN, H. E. 1960. Biology of cactiphilic species

of Ceratopogonidae (Diptera). Annals of the En-
tomological Society of America 53: 659-661.

TEMPELIS, C. H., AND H. L. NELSON. 1971. Blood-
feeding patterns of midges of the Culicoides var-

iipennis complex in Kern County, California.
Journal of Medical Entomology 8: 532-534.

WASHINO, H. K., AND C. H. TEMPELIS. 1983. Mos-

quito host bboodmeab identification: Methodolo-

gy and data analysis. Annual Review of Ento-
mology 28: 179-201.

WIRTH, W. W., A. L. DYCE, AND B. V. PETERSON.

1985. An atlas of wing photographs, with a sum-
mary of the numerical characters of the nearctic

species of Culicoides (Diptera: Ceratopogoni-
dae). Contributions of the American Entomolog-
ical Institute 22: 1-46.

ZIMMERMAN, H. H., AND E. C. TURNER, JR. 1983.

Host-feeding patterns of Culicoides (Diptera:

Ceratopogonidae) collected from livestock in
Virginia, U.S.A. Journal of Medical Entomology

20: 514-519.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use




