
Onderstepoort Journal of Veterinary Research, 64:227- 233 (1997) 

Some factors governing the entry of 
Culicoides spp. (Diptera: Ceratopogonidae) 
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ABSTRACT 

BARNARD, B.J.H. 1997. Some factors governing the entry of Culicoides spp. (Diptera: Ceratopo
gonidae) into stables. Onderstepoort Journal of Veterinary Research, 64:227-233 

The entry of Culicoides species into stables was examined by comparing the numbers of midges 
caught with identical light-traps under different conditions. The comparison was made between 
collections made inside an empty stable, a regularly cleaned stable and a dirty stable and those 
made outside the stables in a sleeping space open on two sides. The work was first done in the 
presence of cattle and sheep in adjoining paddocks and then repeated in their absence. 

A positive correlation was found between the numbers of C. imicola females caught out of doors 
and inside a clean stable. Removal of the cattle and sheep resulted in a reduction in the numbers of 
C. imicola caught inside and outside the stables. In contrast, the numbers of Culicoides spp. that 
prefer to feed on birds was not affected by the removal of the cattle and sheep. Their entry into the 
stable was proportionate to the size of the entrances into the sleeping space and the size of the 
stable door and presumably occurs passively. On the other hand, the numbers of C. imicola females 
entering the same stables were somewhat enhanced by the presence of horses inside the stables 
and by odours associated with dirty stables. 
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INTRODUCTION 

Experience by south African farmers indicated that 
African horsesickness (AHS) can, to a great degree, 
be prevented by stabling horses some hours before 
sunset until a few hours after sunrise, and these ob
servations led to the belief that a nocturnal blood
sucking insect was the carrier (Theiler 1921 ). It is fur
thermore believed that the unpleasant odour in dirty 
stables discourages midges from entering. Horse 
owners are therefore sometimes advised not to clean 
stables regularly in summer when midges are most 
active. 

The virus of AHS, which primarily affects horses, is 
spread either by movement of infected equids or by 
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nocturnal Culicoidesvectors. Although stabling over
night reduces the risk of infection, cases among regu
larly stabled horses are not uncommon. It is difficult 
to render the open-fronted and barn-style stables in 
South Africa Culicoides-proof without interfering with 
ventilation. The importance of ventilation of buildings 
in the promotion of good health in horses, does not 
appear to have been well recognized in the design 
of stables in South Africa (Lund, Guthrie & Killeen 
1993). According to these authors, ventilation rates 
are probably too low for acceptable air quality and 
the effect of also closing the top door of a conven
tional stable and the shutters of a barn, results in a 
decrease in air change to unacceptably low levels. 
In stables with no ventilation openings, except for 
doors, shutting of the top half effectively cuts off the 
supply of fresh air. Studies in England showed that 
closing the top door is a most unwise practice (Jones, 
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McGreevy, Robertson Clarke & Wathes 1987; Mac
Cormack & Bruce 1991 ). 

Some mosquito species are known to be peridomes
tic and antropophilic and they often enter buildings 
(Malik 1981 ). The entry of Culicoides midges into 
buildings has not been investigated. It was therefore 
considered essential to determine some of the fac
tors affecting the entry of Cu/icoides midges into 
open-fronted stables. 

MATERIALS AND METHODS 

Stables 

This work was done at the Onderstepoort Veterinary 
Institute (OVI) in concrete-floored paddocks used to 
house experimental animals. Three adjacent pad
docks, with a single open-fronted stable in each of 
the two side paddocks, were used (Fig. 1 ). The floor 
area of the sleeping space in the centre paddock 
(± 36 m2) was similar in size to that of the stables. 
The stables and the sleeping space were covered by 
a corrugated-iron roof. The conventional wooden 
stable doors were replaced with trellis doors made 
of 1 0 mm iron rods 150 mm apart. 

At the end of January 1995, two full-grown farm 
horses were put in each of the three paddocks. The 
horses in the side paddocks were stabled overnight, 
while the horses in the centre paddock were confined 
overnight to the sleeping space by means of a trellis 
divider. The left-hand (clean) stable was cleaned and 
daily provided with fresh bedding while the right-hand 

~Sm~--am-4--am~ 

T 
Stable Sleeping Stable 

c space D/E 
4,5m 

0 

Paddocks used for horses 11 ,5m 

1 
Service road 

Paddocks with sheep and cattle 

FIG.1 Horse paddocks with the clean stable (C), outside sleep
ing space (0) and the dirty stable (D) which in March be
came the empty stable (E) 
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(dirty) stable was not cleaned during February. On the 
morning of 28 February, the horses in the centre and 
the right-hand paddock were discharged. The dirty 
stable was washed thoroughly with running water to 
remove irritating bad odours. This stable was now re
named the empty stable. In February 1995, several 
paddocks adjacent to and within 50 m of the three 
paddocks selected for the horses, accommodated 45 
head of cattle and 60 sheep. These were discharged 
by the end of February. 

Collection of Culicoides 

The stable windows were completely covered with 
wooden boards to limit the entry of midges through 
the door opening. A light-trap was set inside each 
stable by suspending it from the roof in such a way 
that it was beyond the reach of the horses and also 
invisible from the outside. A third light-trap was po
sitioned underneath the roof of the sleeping area in 
the centre paddock. Shields were suspended in front 
of and at the back of this trap in such a way that it 
could be seen only from the sleeping space. The 
traps were set at the same points throughout the 
collection period. Midges could enter the sleeping 
space in the centre paddock through the back and 
the front with a total size of 43,32 m2 . The size of the 
door openings of the stables was 2,1 m2 . 

Light-trap collections 

During the period 6 February to 28 March, one week 
after the horses had been moved into the paddocks, 
90 collections were made on 30 nights. Identical 
down-draught suction light-traps (220 V) equipped 
with 8-W blacklight tubes were used for the collec
tion of midges in an antiseptic solution of "Savlon" 
(Johnson & Johnson). Collections were analyzed 
daily. Prevailing weather conditions on trapping 
nights were recorded. 

RESULTS AND DISCUSSION 

As the light-traps were invisible from both outside the 
stables and the sleeping space in the centre pad
dock, the midges collected are believed to be those 
that would normally have entered the sleeping space 
and the stables. A total of 34 694 Culicoides midges 
were collected and analyzed (Tables 1 and 2). The 
males (2 515), which do not feed on animals, were 
not incorporated in the tables and calculations. 

Ninety-six percent of the midges collected were iden
tified as C. imico/a. The rest were identified as other 
Culicoides spp. and 87% of this group consisted of 
C. leucostictusand C. pycnostictuswhich are usually 
associated with birds (Nevill &Anderson 1972; Nevill, 
Venter, Edwards, Pajor, Meiswinkel & van Gas 1988). 
During these 2 months, normal summer-weather 
conditions were experienced. Wind associated with 
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heavy rain was recorded on 2 nights in February and 
1 in March. 

The positive correlation between the numbers of C. 
imicola females caught out of doors in the sleeping 
space and inside the clean stable was remarkable 
(Fig. 2). Both traps yielded large numbers on the 
same nights. When small numbers, associated with 
heavy rains and windy conditions just before and 
after sundown, were caught out of doors, compara
ble catches were made inside the stable. The num
bers caught inside and outside the stables dropped 
by the end of February. In February, nine of 14 
catches yielded more than 1 000 females, while in 
March, only two catches exceeded 1 000, and nine 
of 16 produced less than 500. This drop coincided 
with the discharge of the cattle and sheep from the 
adjacent paddocks, together with four of the six 
horses. This reduction strongly suggests that in Feb
ruary the midges were attracted to the paddocks by 
the cattle, sheep and horses resulting in more midges 
entering the stables. 

In contrast to the smaller numbers of C. imicola col
lected in March (Fig. 2) , the numbers of other Culi-

1 ,000 
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coides spp. (Fig. 3) remained constant throughout 
the collection period. This pattern probably relates 
to the host preferences of C. leucostictus and C. 
pycnostictus which usually associate with birds 
(Nevill &Anderson 1972; Nevill et at. 1988). It there
fore seems doubtful that removal of the cattle, sheep 
and horses from the paddocks could have had a sig
nificant impact on their numbers. 

If midges enter stables passively, the ratio of midges 
collected inside and outside the stables is expected 
to be similar to the ratio of the sizes of the entrances. 
Therefore the ratios between the number of midges 
collected inside and outside the stables were com
pared with the ratio between the size of the door 
openings and that of the entrance into the sleeping 
space in the centre paddock (Table 3) . 

With passive entry and the size of the door opening 
20 times smaller than that of the entrance into the 
sleeping space outside the stables, one would ex
pect to collect approximately 20 midges outside for 
each midge collected inside the stable. This , in fact, 
was the case for Culicoides spp. other than C. 
imico/a, with ratios of 1 :23 in February and 1 :24,8 in 

6 7 8 9 13 14 15 16 20 21 22 23 27 28 1 2 3 5 6 7 8 9 13 14 15 16 22 23 27 28 

Culicoides imicola 
collected inside 

February to March 1995 

Culicoides imicola 
- - collected outside ............ Trend 

FIG. 2 C. imicola collected inside a regularly cleaned stable and in the sleeping space outside the stable at the Onderstepoort 
Veterinary Institute, February to March 1995. In February, but not in March, 45 cattle and 60 sheep were present in adjacent 
paddocks 
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TABLE 3 Ratio of Culicoides collected inside and outside stables and that of the entrances openings into the outside sleeping space 
and the stables at the Onderstepoort Veterinary Institute, February to March 1995 

Collected inside stables Collected outside in sleeping space 

Ratio Clean , Dirty, Empty Without With 60 sheep and 45 cattle 
housing housing and sheep, cattle in adjacent paddocks and 
two horses two horses clean or horses two horses in sleeping space 

Size of entrances 1 1,0 1,0 20,0 20,0 
C. imicola females , February 1 1,0 - - 8,5 
C. imicola females, March 1 - 0,5 9,0 -
Culicoides spp. , February 1 0,8 - - 23,0 
Culicoides spp. , March 1 - 1,0 24,8 -
C. imicola bloodfeds, February 1 1,2 - - 33,7 
C. imicola bloodfeds, March 1 - 1,5 45,0 -

100,0 -,--------------------------------------------------------------------------~ 
• • • • • • • 

• • • 
··················· ····· ·································· ·· ·· ·················· ··· ·········· ··········· ········· ··········· ···· ··········· ·· ··········· ·· ······ ···· ·············· ······· ··· ········· ········ ·····• 

• • • • • 
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6 7 8 9 13 14 15 16 20 21 22 23 27 28 1 2 3 5 6 7 8 9 13 14 15 16 22 23 27 28 
February to March 1995 

Culicoides species Culicoides species 
• collected outside • collected inside ····· Trend 

FIG. 3 Other Cu/icoides spp. collected inside a regularly cleaned stable and in the sleeping space outside the stable at the 
Onderstepoort Veterinary Institute, February to March 1995. In February, but not in March, 45 cattle and 60 sheep were 
present in adjacent paddocks 

March. The ratios for C. imicolawere noticeably lower 
at 1:8,5 and 1 :9. This indicates that markedly more 
C. imicola entered the stable. It is very likely that 
some of them entered the stable deliberately in 
search of animals to feed on or a place to hide. Sig
nificantly more engorged females were caught out
side the stables. This was obvious in absence of 
animals to feed on in March (1 :45) before the sheep, 
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cattle and horses were discharged and in February 
(1 :33,7) . The cause for this is obscure. But one can 
speculate that the interior of stables provides an 
easily accessible and secure place for engorged 
females in which to hide before rhey relocate to suit
able breeding sites, and that females in search of a 
place to hide may be less inclined to be attracted to 
light traps. 



Under natural conditions , a small proportion of 
Cu/icoides may be infected with the virus of African 
horsesickness. Therefore the likelihood of virus 
transmission is increased when large numbers of 
midges are present. Of the 30 916 C. imico/afemales 
collected on 30 nights, 5 982, with nightly averages 
of 132 in February and 53 in March, were caught in
side the regularly cleaned stable and 198 inside the 
dirty stable (Tables 1 and 2). The larger number of 
midges caught inside the dirty stable clearly indicates 
that the smell does not discourage their entry. These 
small numbers entering stables may seem insignifi
cant, but it must be evaluated against the abundance 
of midges. In 1995 when this work was done, climatic 
conditions did not favour the presence of large num
bers. Catches made at different localities at the 
Onderstepoort Veterinary Institute yielded low num
bers , while in years with favourable climatic condi
tions, a single light-trap might yield six to ten times 
more per night (G. Venter, Onderstepoort Veterinary 
Institute, unpublished data 1995). In the light of the 
positive correlation between midges collected inside 
and outside the stables, significantly more Culicoides 
may enter a stable when climatic conditions favour 
the presence of large numbers. 

CONCLUSIONS 

Culicoides spp. enter horse stables passively and the 
number increases when midges are more abundant. 
The prescence of animals around stables may boost 
the abundance. In addition, C. imicola intentionally 
enter stables housing horses, most likely in search 
of animals to feed on or possibly to hide. This behav
iour is probably enhanced by the odours and even the 
bad smell associated with dirty stables. Species that 
usually associate with birds do not enter stables vol
untarily. 
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