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Movements of adult Culicoides midges around stablesin KwaZulu-Natal
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Abstract

Preferences of aduulicoides midges (Diptera: Ceratopogonidae) were examineidentify focal
spots for vectors of African Horse Sickness (AHE)ve similar regions across five farms were saghaie
regular periods over one year. The catches weaatiftbd to species level and regression analysis w
performed on untransformed data which followed gatige binomial distribution with a log link funotn.
Midges were found to frequent dung heaps and tieeidm of stable blocks significantly more than aker
site. This occurs most markedly during July whemgeratures are at their lowest and midges finleshe
warmth and food in these places. Recommendatmngelctor control with a suitable spray programmes a
provided.
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Introduction

Culicoides midges are the primary vector of African horsekisess (AHS) (Braverman & Chizov-
Ginzburg, 1995). Devastating losses occur durjpigostics of AHS (Barnard, 1998; Mellor & Hamblin,
2004). In South Africa where the virus is enzootasses are experienced every year. In the 2006/200
season, 844 horses were positively identified Wit and 148 of them died (AHS website, 2010). Attu
losses could be up to five times higher (Mullinergp comm.). Only twc&Culicoides midges have been
proven as vectors of the AHS virus (Venter, G.@rspcomm Onderstepoort Veterinary Institute, Private
Bag X5, Onderstepoort, 0110). They &eimicola (Du Toit, 1944), andC. bolitinos (Meiswinkel &
Paweska, 2003). These two species are crepugMegswinkel et al., 1994; Melloret al., 2000). It is not
known where the insects “roost” when they are rdiva nor is it known where they are generally most
active while they are mobiléC. bolitinos has been shown to the endophylic (that is preferter stable
blocks to feed) whileC. imicola is exophylic, preferring to stay outside and &taorses when they are not
under cover (Meiswinkedt al., 2000). Barnard (1997), however, found t@aimicola will actively enter
stables to feed. Breeding sites €ulicoides midges are small, widely spread and not uniforatigsen by
any one species. Increases in moisture, permarémeetness, and incident radiation all positivielgrease
midge catches (Jenkins, 2008).

Midge numbers are seasonal; low during mid wiritereasing in December, and peaking in February
and March (Coétzer & Erasmus, 1994). A seven wbtady on adult midge ecology was conducted in
Onderstepoort (Gauteng) (Coétzer & Erasmus, 198d)oastrated this seasonality and site preferentein
northern province of SA. A survey of AHS in Souétfrica showed KZN to be the second hardest hitaegi
of the country after Gauteng (AHS website, 201B)r this reason, behaviours and habitat€wfcoides in
KwaZulu-Natal were studied to target zones of peziee of the vector of the African horse sicknasssv
(AHSV) to inform effective prophylaxis.

Materialsand Methods

Midges were collected using standard down-draugtgst (Van Ark & Meiswinkel, 1992; Barnard,
1997; Rawlingset al., 1998; Musukaet al., 2001; Meiswinkel & Paweska, 2003; Rawlirgsal., 2003) at
five sites at each of five stable yards across KuaRlatal over the period of a year. Traps wersitpmed
(1) away from the horses in a paddock, (2) neadtireg heaps, (3) inside or very close to the stalaek,
(4) near boggy mud and (5) near open water. Qadles were taken over two consecutive nights aheac
farm, from two hours before sunset to two hoursradunrise. Sites were visited approximately evexy
months throughout the year in May, July, Octobercé@&nber and February.
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Sites were sampled using downdraught light trapsppged with an 8W blacklight (Van Ark &
Meiswinkel, 1992; Barnard, 1997; Rawlingsal., 1998; Musukaet al., 2001; Meiswinkel & Paweska,
2003; Rawlingset al., 2003). The number of midges caught was analysed) generalized linear modelling
procedure in Genstatv9© (2006). The data followatkgative binomial distribution, as the data was-no
normal count data where the relationship betweenvtriance and the mean was not equal. A log link
function was used (McConwagt al., 2006) to analyse catch data responses to logatmeties, sex, and
reproductive status of female midges.

Results and Discussion

A total of 27283 midges were caught, identifiedseskand aged at each of five locations across the
year (Figure 1). A total of 3Culicoides species were caught (Table 1). There are fowtgoninant species
in KwaZulu-Natal areC. imicola (8903),C. zuluensis (6650),C. balitinos (5660) andC. gulbenkiani (2773).
Across all catches, the percentage ratio of matiges to females is 8% : 92%. This difference maylie
to UV light preference by female midges but mokelly indicates a far greater population of femaldges
in the environment around stables.
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Figurel Total catches (grand total and by locationLalficoides spp. across the trial period from May to
February of the following year.

Male vectors can be targeted for pheromonal co(ordue-Luntz, 2003) and so reduce the breeding
efficiency of the vector species. The females lbardirectly targeted at both their larval and adtdiges.
Most important of the female stages are the nuftipa (virgin females looking for their first bloadeal)
and parous (second incubation females looking fwtleer blood meal) stages as they both require an
immediate blood meal and so are the mechanism lighwthe disease is vectored. As midges are smdll a
not very robust creatures, the assumption is tbtmany will survive past their first egg batchpimduce a
second egg batch. Nulliparous females far outnuetball other stages (69.3% of all females caught).
23.2% of the females caught were parous, 7.3% gerad and only 0.2% were blood fed). Venteal.
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Table 1 Culicoides species trapped in standard downdraught blacktigips at five sites at five locations
across KwaZulu-Natal over the period of one year

Culicoides spp. Catch Culicoides spp. Catch
C. bedfordi 17 C. neavel 148
C. bolitinos 5660 C. nevilli 81
C. brucei 72 C. nivosus 260
C. coarctatus 4 C. onderstepoortensis 16
C. cornutus 2 C. pycnostictus 246
C. dutoiti 1 C. ravus 1

C. enderleini 133 C. schultzei 1

C. engubandei 675 C. similis 9

C. expectator 3 C. 107 7

C. glabripennis 22 C.sp51 2

C. gulbenkiani 2733 C.9p54 56

C. huambensis 178 C. sp near angolensis 5
C.imicola 8903 C. subschultzei 7

C. kibatiensis 21 C. trifasciellus 103
C. krameri 66 C. tropicalis 3

C. leucostictus 459 C. tuttifruiti 6

C. magnus 702 C. unknown 25
C. michelli 3 C. z2uluensis 6650
C. milnei/kram 3

(1996) suggested that the attraction of sdbuicoides midges may change as they age or experience
different physiological conditions. This theory wkd account for the very low numbers of bloodfed an
gravid females caught

Figure 1 shows the seasonal variation in catchesadhe five locations. In season (summer) catche
(December, February and May) are higher (P <0.@08ap winter catches (July and October). Midge
numbers were found to be significantly higher ahlston, Ukulinga and Karkloof than at Cedara and
Summerveld (P <0.001). Cedara has sandy soilsastanding water, while the Summerveld stable®are
a wind-exposed ridge. The other locations provisteshding water and accumulated dung piles tocattra
midges. Dung heaps and sites under eves or ifestgielded better catches than any other site)(601).
Open field sites yielded less midges (P = 0.05) sites near stables and those near open waterngere
difference to the reference level (Table 2).

Table 2 Parameter estimates, standard errors and T- pilitlesnf adultCulicoides midge catches at six
locations produced by generalized linear modellisigng a log link function (Genstat, 2006) at siftedent
trap sites at five different farms across KwaZulatN

Site Estimate Std. error T. Prob.
Dung Heap$ 0.695 0.133 <0.001**
Under In stable8 0.515 0.134 <0.001**
Near Stable8 0.022 0.248 0.928
Boggy Mud® reference level

Open WateP -0.204 0.173 0.240
Open Field -0.412 0.147 0.005*

Means with a different superscript differ signifity.
* P <0.05; ** = P <0.01.
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The proportion of males and females at each sitmighe same (P <0.01) (Table 3). Proportions of
midges frequenting the dung sites are similar,fautnore females entering the stable structure thales
for their blood meal. Male midges do not bite butk nectar (Mullen, 2002) and so would not beaatéd
into a stable block. No species sex interactiastexbut highest catches were from traps set erdting
piles, and then from sites located either undeethas or inside the stable

Table 3 Percentages of total collections of males and fermatiges made at different selected sites in
KwaZulu-Natal

Site Female % Male %
Boggy Mud 8.9 15.3
Dung 41.9 44.1
Near Stables 1.4 1.3
Open Field 5.3 10.2
Open Water 4.4 10.9
Under in Stables 38.1 18.1

The dung piles provide an ideal microclimate fodgas, with moisture, humidity, heat and a possible
source of nutrients.  Female midges will driniknép when raised in the laboratory (Edwards, 1982) a
may subsequently go on to produce up to nine batoheggs, and Lindley (1966) suggested that fesnale
may take in some type of carbohydrate source to thelm survive till they are mature enough to hitnedr
first blood meal. Such nutrients could be deriiesin the dung. Inside the stables, a favourable
microclimate is created that is free of wind, raimd extreme cold, and large catches of midges made in
winter at all sites. The migration of the majorif/the midge population to dung heaps and insidble
blocks seems to only really occur during mid-wintévhile most midges tend to be exophylic, 50.3% of
C. bolitinos was caught in stables. 39.5% and 38%.aimicola andC. zuluensis, respectively, were caught
indoors respectivelyC. gulbenkiani was the most exophylic with only 7.2% of specimeasght indoors

Conclusion

For effective vector control, stables need to aelrand dung skips emptied even throughout winter.
A simple spray program can be used weekly in sthlaeks to eradicate any midges that may have ester
during the cold winter months. Where prophylaxisissially concentrated in the months of peak sedsona
incidence of the midge vector, this study servelighlight that vector control in the winter montsisould
not be neglected. Making conditions unfavourablmidges will reduce the bite load on the horsesraay
assist in reducing the incidence of African holiskress.

Acknowledgements

The following people are sincerely acknowledgedthf@ir contribution to this work: G. Venter and K.
Labuschagne from Onderstepoort Veterinary Institoiteyping midge catches, and C. Morris and P.dvdl
for statistical guidance. The establishments gmamitted and assisted with the collection of miglgee
sincerely thanked. The intellectual and finansiapport of the African Horse Sickness Research Rsind
gratefully acknowledged.

References

A.H.S. website, 2010 July. www.africanhorsesickresga/map

Barnard, B.J.H., 1997. Some factors governing titeyeof Culicoides spp. (Diptera: Ceratopogonidae) into
stables. Onderstepoort J. Vet. Res. 64, 227-233.

Barnard, B.J.H., 1998. Epidemiology of African r®ckness and the role of the zebra in South &fric
Arch. Virol. 14, 13-19.

The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp



South African Journal of Animal Science 2010, 43 5, Supplement 1) 509
© South African Society for Animal Science
Peer-reviewed paper: Proc. 43 Congress of the South African Society for Animal Science

Braverman, Y. & Chizov-Ginzburg, A., 1995. Role didgs Canis domesticus) as hosts for African horse
sickness virus. Vet. Micro. 51, 19-25.

Coétzer, J.AW. & Erasmus, B.J., 1994. African kosckness. In: Infectious diseases of livestocth wi
special reference to southern Africa. Eds Coét¥&,W., Thomson, G.R. & Tustin, R.C., Vol. 1.
Oxford University Press, Cape Town, South Africa. £60-475.

Du Toit, R.M., 1944. The transmission of blue-toeagand horse sickness Bulicoides. Onderstepoort J.
Vet. Sci. Anim. Ind. 19, 7-16.

Edwards, P.B., 1982. Laboratory observations orbthgy and life cycle of the Australian biting dgie
Culicoides subimmaculatus (Diptera: Ceratopogonidae). J. Med. Entomol. )9%85-552.

Genstat Version 9, 2006. Genstat for Windows. \lrnational. Oxford.

Jenkins, A.B., 2008. A study of tl@ulicoides (Diptera: Ceratopogonidae) vectors of African Hosckness
to enhance current practical control measures eseharch methods. MSc. (Agric) thesis, University
of KwaZulu-Natal, South Africa.

Lindley, J.R., 1966. The ovarian cycle @ulicoides barbosai Wirth & Blanton andC. furens (Poey)
(Diptera: CeratopogonidaepBull. Ent. Res. 57, 1-17.

Mcconway, K.J., Jones, M.C. & Taylor, P.C., 200@&rtRer Data Analysis Chapter 13, In: Statistical
Modelling Using Genstat, Oxford University PresgwNYork.

Meiswinkel, R., Baylis, M. & Labuschagne, K., 20@iabling and the protection of horses frGniicoides
imicola (Diptera: Ceratopogonidae), a recently identifiesttor of African horse sickness. Bull.
Entomol. Res. 90, 509-515.

Meiswinkel, R., Nevill, E.M. & Venter, G.J., 1994/ectors: Culicoides spp. In: Infectious diseases of
livestock with special reference to southern Afrieals Coétzer, J.A.W., Thomson, G.R. & Tustin,
R.C., Vol. 1. Oxford University Press, Cape Towauth Africa. pp. 68-89.

Meiswinkel, R. & Paweska, J.T., 2003. Evidencedarew fieldCulicoides vector of African horse sickness
in South Africa. Prev. Vet. Med. 60, 243-253.

Mellor, P.S., Boorman, J. & Baylis, M., 200Culicoides biting midges: Their role as arbovirus vectors.
Annu. Rev. Entomol. 45807-340.

Mellor, P.S. & Hamblin, C., 2004. African horselgiess. Vet. Res. 3845-466.

Mordue-Luntz, A.J., 2003. Arthropod semiochemicat®msquitoes, midges and sealice. Biochem. Soc.
Trans. 31 (1), 128-133.

Mullen, G.R., 2002. Biting midges (Ceratopogonidae) Medical and Veterinary Entomology. Eds Mullen
G. & Durden, L. Academic Press, London, UK.

Musuka, G.N., Meiswinkel, R., Baylis, M., Kelly, P.& Mellor, P.S., 2001. Prevalence Gtlicoides
imicola and other species (Diptera: Ceratopogonidae)ght sites in ZimbabweTydsk. S. Afr. Vet.
Ver. 72 (2), 62-63.

Rawlings, H., Capela, R., Pro, M.J., Ortega, MEEna, I., Rubio, C., Gasca, A. & Mellor, P.S., 199®e
relationship between climate and the distributibi©alicoides imicola in Iberia. Arch. Virol. Suppl.
14. 93-102. (abstract).

Rawlings, P., Meiswinkel, R.M., Labuschange, K., li¢® N., Baylis, M. & Mellor, P.S., 2003. The
distribution and species characteristics of @uticoides biting midge fauna of South Africa. Ecol.
Entomol. 28, 559-566.

Van Ark, H. & Meiswinkel, R., 1992. Subsampling lafrge light trap catches dZulicoides (Diptera:
CeratopogonidaelDnderstepoort J. Vet. Res. 59, 183-189.

Venter, G.J., Nevill, E.M. & Van der Linde, T.C996. Geographical distribution and relative abundanf
stock associate@ulicoides species (Diptera: Ceratopogonidae) in Southerrcéfin relation to their
potential and viral vectordOnderstepoort J. Vet. Res. 63, 25-38.

The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp



