


Culicoides (Diptera: Ceratopogonidae) associated with livestock

in certain Aedes and Anopheles species. Normally,
however, it is destroyed more quickly and, in our ex-
periments, it never could be transmitted by the feed-
ing of infected mosquitoes. Mosquitoes do not appear
to be the natural transmitters of horse sickness". To
this day data regarding the role of mosquitoes in the
transmission of AHS remain inconclusive (Mellor &
Boorman 1995).

Only when Du Toit (1944a) started using a modified
version of the New Jersey suction light-trap, de-
scribed by Mulhern (1942), did he become aware that
Culicoides occurred in great numbers at Onderste-
poort. This persuaded him to investigate their role as
vectors of AHS and BT. This led to his discovery that
both viruses can regularly be isolated from wild-
caught Culicoides in late summer at Onderstepoort
and to his successful biological transmission experi-
ments with Culicoides midges and BT virus (Du Toit
1944a). Fiedler (1951) referred to C. pallidipennis (=
C. imicola) as “the most abundant species at Onder-
stepoort”. This was confirmed by later studies (Nevill
1971; Nevill & Anderson 1972; Venter, Nevill & Van
der Linde 1996). The foregoing led us to assume that
Du Toit’s initial 1944 experiments on BT and those
on AHS (cited in Wetzel, Nevill & Erasmus 1970)
involved C. imicola, as he had only broadly concluded
"...that certain species of the genus Culicoides are
capable of becoming infected with ...virus..." (DuToit
1944a).

Since Du Toit’s original findings the viruses of AHS
and BT have repeatedly, and most often, beenisola-
ted from C. imicola throughout its extensive range in
the Old World (Davies, Walker, Ochieng & Shaw
1979; Mellor, Osborne & Jennings 1984; Blackburn,
Searle & Phelps 1985; Braverman, Barzilai, Frish &
Rubina 1985; Mellor, Boned, Hamblin & Graham
1990; Nevill, Erasmus & Venter 1992). Although these
two diseases are widespread in South Africa, Culicoi-
des surveys have revealed that C. imicola can be rare
in areas where BT, specifically, remains a problem.
These are the colder, high-lying areas of central
South Africa (Jupp, Mcintosh & Nevill 1980; Venter
& Sweatman 1989; Venter & Meiswinke! 1994). The
dominant species in these studies were C. pycno-
stictus, C. zuluensis and C. bolitinos respectively.

Until its recent description (Meiswinkel 1989), the
cattle-dung-breeding C. bolitinos was for many years
misidentified as C. imicola (Nevill 1969); its close
association with cattle, a reservoir and amplifying
host for BT virus, brings C. bolitinos strongly into play
as a potential BT vector. Elsewhere in South Africa
the occasional isolation of BT virus from identified
batches of wild-caught C. gulbenkiani and C. pycno-
stictus suggests that BT may be vectored by more
than one Culicoides species (Nevill et al. 1992). The

in & ario does nol  :em to apply to AHS as
no AHS-endemic area has yet been identified that
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does not also have significant populations of C.
imicola (Venter & Meiswinkel 1994).

For the above reasons it is essential that laboratory
vector capacity studies on orbiviruses at the OVI be
extended to include species other than C. imicola.
Such studies would be simplified if sufficient wild-
caught specimens could be obtained in the immedi-
ate surroundings of Onderstepoort. An equally im-
portant motivation for the present survey was to
establish if C. imicola is widespread and common in
the greater Onderstepoort area, and so ascertain if
its high abundance at the OVI is not simply a local
phenomenon. Finally, we also wanted to establish the
relative abundance of C. bolitinos, as prior to its de-
scription in 1989 it had been misidentified as C. imi-
cola (= C. pallidipennis) in earlier studies on Culicoi-
des at the OVI.

MATERIALS AND METHODS

Study area

The entire study area is situated immediately north
of the Magaliesberg range, and thus adjoins the
major residential areas of the citv of Pretoria; it in-
cludes most of the Wonderboom  agisterial district
in which the OVl is located (Fig. 1). I ne area surveyed
covers approximately 920 km?2, between latitudes
25°29'S and 25°42’S and longitudes 27°55’E and
28°24’E. Height above sea level varies from 1110-
1 290 m (excluding isolated hillocks and the Maga-
liesberg range). Most of the rain falls in summer from
November to March, and ranges between 430 and
1017 mm per annum at the OVI (height above sea
level 1219 m). The annual mean daily maximum tem-
perature as measured at the OVI is 26,3 °C; the an-
nual mean daily minimum is 9,3 °C. Between April
and September an average of 32 d of frost occurs
per annum at the OVI (Weather Bureau 1986). In the
most eastern part of the survey area at Roodeplaat
(height above sea level 1164 m) the annual mean dai-
ly maximum and minimum temperatures are 25,8 °C
and 10,5°C respectively, with only 13,5 d of frost per
annum (Weather Bureau 1986). As defined by
Acocks (1988), the vegetation in the study area falls
into OtherTurf Thornveld (veld type no. 13) and Sour-
ish Mixed Bushveld (veld type no. 19).

The OVl is situated on the banks of the Apies River
near the Bon Accord Dam (Fig. 1). Adjoining the In-
stitute is the farm Kaalplaas (3000 ha), the only farm
in the area where extensive cattle ranching is prac-
tised; at least 40 horses are also present. The Bon
Accord irrigation scheme along the Apies River
serves a number of small farms as one proceeds
northwards; these intensively produce vegetables,
milk, £ 3, poultry and sheep. Horse stables are found
on sonie of the smallholdings that dot the study area.












Culicoides (Diptera: Ceratopogonidae) associated with livestock

TABLE 3 Numbers and species of Culicoides recovered from light-traps in the Onderstepoort area north of Pretoria, during Septem-
ber 1988, expressed as percentage of total catches. At each site the most abundant species is in bold type

Most abundant host Cattle Sheep

Site no. 1 2 4 5 6 7 8 9 10 11 12 13 14
Culicoides spp.

C. imicola 46,8 64,8 98,8 16,5 44,0 50,2 33,5 53,1 83,9 86,1 87,5 57,3 12,1
C. zuluensis 1,1 5,0 0,2 3,0 0,5 13,1 3,5 1,5 0,5 1,2 3,0
C. bolitinos 4,8 3,6 1,6 0,2

C. nivosus 1,5 2,1 0,5 9,9 9,9 6,4 2,2 0,1 1.7 3,0
C. sp. 48* 0,1 1,2 0,5 11,6

C. pycnostictus 29,4 11,0 0,2 49,5 19,8 23,7 43,1 1,2 0,5 9,5 0,3 19,6 54,6
C. enderieini 0,2 0,8 0,5 0.4 0,2 0,1

C. leucostictus 6,1 1,7 0,3 6,8 58 6,3 11,2 0,5 1.1 0,1 12,7 18,2
C. magnus 0,5 1,0 0,5 0,3 8,2 7.5 0,7 0,6 0,2

C. brucei 0,6 0.8 1,0 1,2 4,7 1,3 0,3

C. bedfordi 10,3 4,3 18,9 17,7 2,1 2,0 0,7 5,0

C. tropicalis 0,4

C. similis 1.1 1,0 1,5 0,9 1,6 0,2 1.1

C. exspectator

C. neavei 1,6 0,2 4,4

C. subschultzei 0,1 0,2 1,1 0,3 0,1 0,5 6,1
C. coarctatus 0,2 0,8

C. ravus 1.1 0,1

C. milnei 0,3

C. gulbenkiani 0,5

C. dekeyseri 0,1 1,2 0,2

C. onderstepoortensis 1,5 0,8 0,2 0,1
C. engubandei

C. accraensis grp 3,0
Total no. of midges 1144 517 649 206 243 333 188 3184 1335 137 1096 667 33
No. of collections 1 1 1 1 1 1 1 1 1 1 1 1 1
Most abundant host Horses Poultry Pigs Mixed
Site no. 16 17 18 19 20 21 22 23 24 25 26 27 28
Culicoides spp.

C. imicola 80,7 8,2 93,3 73,6 81,6 60,9 76,5 45,7 25,8 35,3 61,1 77,4 33,8
C. zuluensis 1,9 0,4 1,0 0,5 0,4 0.9 0.8 22,6 201 8,9 1,0
C. bolitinos 0,7 0,2 4,0 14,9

C. nivosus 0,6 3,0 0,7 4,0 1,4 0,5 0,2 7.9 0,1 2,6
C. sp.48* 0,2 1,4 54

C. pycnostictus 4,8 41,5 2,3 12,9 4,7 19,1 3,2 18,1 9,7 41,2 2,1 0,7 45,0
C. enderleini 0,2 0,7 0,4

C. leucostictus 1,8 23,7 1,2 2,8 0,6 8,7 0,5 13,4 59 0,2 2,1 9,3
C. magnus 2,3 0,7 1,1 0,7 0,7 0,4 0,8 3,2 5.9 2,9 2,7

C. brucei 0,1 0,7 0,1 0.3 0,2 0,8 6,5 6,4 0,7

C. bedfordi 7.2 14,8 0,1 3,3 1,0 3.2 1.3 11,0 25,8 59 1,0 6,9 6,4
C. tropicalis

C. similis 0,1 3,7 0,4 0,8 59 0,1 1,0
C. exspectator 0,1

C. neavef 0,1

C. subschulizei 0,2 15 0,4 1,0 0,1 0,9 0,8 6,5 0,4 0,7 1,0
C. coarctatus

C. ravus 0,7 0,4

C. milnei 0,2 0,4

C. gulbenkiani

C. dekeyseri 0,2

C. onderstepoortensis 07

C. engubandei 0,1

C. accraensis grp

Total no. of midges 1033 135 998 539 888 555 558 127 31 17 4388 146 311
No. of collections 1 1 1 1 1 1 1 1 1 1 1 1 1

Where numbers appear in lieu of names the numbering system of Meiswinkel (1995) has been followed
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area is probably partly due to the igh numbers of
sedentary livestock available for blood-meals.

As regards other species, the survey showed that
although C. bolitinos is the third most common spe-
cies, it only accounted for 2,1 % of all Culicoides col-
lected. It does, however, achie  a certain measure
of abundance in a few localized situations (sites #7,
#22,Tables 2 and 3). The close association between
C. bolitinos and cattle would seem to favour it as a
potential BT v~ ~tor (Venter & Meiswinkel 1994). How-
ever, its low r..pulation levels in the Onderstepoort
area would require it to have an extremely high in-
fection rate, if it were to come near C. imicola’s proven
role in BT transmission (Venter, Hill, Pajor & Nevill
1991). As regards numbers, a similar argument
would apply to C. zuluensis and C. nivosus. The lat-
ter’s role in BT transmission may be weakened fur-
ther by its suspected ornithophilic host preference
(Braverman & Hulley 1979).

in March, at the North End Farm piggery (#26), C.
imicola was replaced as the dominant species by
Culicoides sp. 48, an undescribed Avaritia resembling
C. glabripennis. At the sheep shed (#9) on the same
farm, C. sp. 48 accounted for 21 % of the total midges
collected. This localized abundance of C. sp. 48 can
probably be attributed to the presence of a densely
reeded marsh, its suspected breeding site. While the
low prevalence of C. sp. 48 at all other trap locations
suggests that it is unlikely to play a role in the disse-
mination of AHS or BT within the wider study area,
it may be involved in arbovirus transmission in marshy
situations where it becomes abundant.

f rod-meal identification

The results of the blood-meal identification for March
and September are given inTable 5. Most of the spe-
cimens that tested negatively bel  ged to the small
species C. imicola that, when only partially engorged,
probably contains too little blood for an identification
to be made. C. imicola accounted for 74 % of all speci-
mens tested. Most of the specimens were positive
for the stock species near which they were collected.

This study confirms that at least six species of Culi-
coides do feed on pigs, and this should be borne in
mind when arthropod vectors of pig viral diseases are
sought in future (Table 5). Of the 13 species tested,
C. imicola, C. zuluensis and C. sp. 48 proved to be
catholic in their choice of hosts and included cattle,
horses, sheep and pigs. Other species with a wide
host range were C. brucei, C. magnus and C. co-
arctatus (cattle, sheep and pigs). These six species
must therefore also be considered as possible vec-
tors of BT between cattle and sheep.

As in previous studies (Nevill & Anderson 1972; Nevill
et al. 1988; Meiswinkel et al. 1994), C. pycnostictus
and C. leucostictus tested positively against bird anti-
sera.

While this study shows no apparent difference in the
Culicoides species composition in light-traps, the ubi-
quitous presence of mixed hosts obscures any trends
that may exist as regards host preference (Table 1).

CONCLUSIONS

Culicoides imicola comprised 85,5 % of nearly 200000
Culicoides collected in this survey. Furthermore, it was
very abundant in March, at the height of the AHS and
BT season.While C. imicolawas less abundant in Sep-
tember, it was still the dominant species at 19 of the
26 sites sampled. This not only confirms the high
abundance and vector status of C. imicola as estab-
lished in earlier studies at the OVI (Nevill 1971; Nevill
& Anderson 1972;Venter et al. 1996) but also proves
that C. imicola is widespread and common in the
greater Onderstepoort area. lts high abundance at
the OVl is thus not simply a local phenomenon.

Vector capacity studies on species other than C.
imicola could have been facilitated if sufficient wild-
caught specimens were to be obtained in the imme-
diate surroundings of the OVI. In artificial infection
experiments mortalities of up to 60% can be ex-
pected in the holding phase prior to exposure to vi-
rus. In the system used at the OVI (Venter  al.
1991), the percentage of insects feeding can vary
between 40-80% depending on the population struc-
ture of the insects, and the collection and handling
techniques. It is our experience that mortalities of up
to 80% can occur during the 8—-12 d post feeding in-
cubation period, similar to the findings of Standfast,
Muller & Dyce (1992). These authors determined that
at least 1000 insects must enter the system to yield
24 fed Culicoides after an incubation period of eight
days. During the present study the average daily
catch for C. imicola was 2121 which makes it the
ideal species to work with in infection and transmis-
sion studies. The second-most abundant species, C.
zuluensis, averaged a mere 72 insects per light-trap
collection; this is clearly below the required number
needed for testing. Where the number of any other
single species may approach 1000, these collections
are usually overwhelmed by C. imicola; separating
such species live from C. imicofa increases the mor-
tality rate and so further complicates attempts to
establish their infection rates. For example, at the
sheep shed on Giltford farm (#10 the average num-
ber of C. zuluensis collected in I S was 1498.The
same collection yielded 34627 C. imicola (Table 2).
Live collections would yield, due to mortality during
capture, a smaller collection, and separating C. zulu-
ensis, which would require an extra hour or two of
handling on the chill table, would further increase the
mortality. It is therefore very difficult to work exclu-
sively with C. zuluensis in laboratory infection stud-
ies and it would be preferable to find sites elsewhere
in South Africa where C. bolitinos and C. zuluensis
are abundant. It would thus seem that the OVl is the
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