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Blood-sucking mi6.ges of the genus Culicoides are 

founc1 througJ.1out the world., about 800 species having 

so far been described (Arnaud & Wirth 1 1964). They 
are c omraonly knovvn as "bit inb mid.t:,as" in most i_}arts of 

tl1e world and as nsand-flies 1' in t~1e central kmericas 

I'~1e;;r are also called 11 :punkies '' 1 
11no-see-

UillS 11 '~ 11 moos e-flies 11 
? 

11 gnats" and~ 11 j e j enos 11 in other 

parts of the world (Virth, 1952)o 

Their im)ortance stems from the blood-sucking 
habit of the females. This has been the cause of 
ex·creme annoyance and irritation to man in many 

countries especially along the Atlantic seaboarJ o£ 
southern United State:J (Dove, Hall 8.. Hull, 1932) and 

the Highlanri:3 of :Scotland (Hill, 194 7). In these 
instanceG ret._:J.."ded econo:tnic develO})ment and adverse 

effects on tourist -tra..J.e have been attri but;eu to these 
midges • Recently in Salvador~ Brazil 7 widespread 

cases of a skin ree.ction callod "derrJ.atozoonosis" hC.~.ve 

oeen shown to be cc:r:..;!.sed b~y- the bi tos of C .• paraensis 

( Goeldi) (Sherlock & Gu:L tton ~ 19 64 ~ 1965) • 

Culicoii.le;3 f:JlYOo have also been shovvJl to be in-
-·-····---·-~- ·-- J.: 

volved in the transmission of five Sl)ecies of filarial 

worms in El::ln 9 horses and cc1 t·vle ~ four species of 

protozoa in ·birds and monkeys~ five virus diseases of 

sheep, horses~ c2.ttle and man (Kettle, 1965); and an 

allergtc condition of horses knovv.n as Queensland Itch 

(Riek, 1954). 

Except for the transmission of illicrofildriae, all 

the discoveries of diseases transmi·cted b•r Culicoides v -·~-· __ .,. •. -

spp. were maC:.Le during the last 22 years. Prior to 

1944 Cul_=h_c_oid~ were :w.ainly· of taxo:L10mic interest and 
studies on their biology were restricted to those 

sJ_Jecies of' nuisance value and to the -tra.nsmitters of 

filarial ·::1iseases. Since Du ·roit 's d.i3covery in 1944 

tho. t Culj.£9)_<!Q.@. s IJlJ. z~rG the vectors of' blue 'tongue 

virus in sheep and horsesickness virus 1 these mi~Lgcs 

have receive<.L increased v1orld attention as potential 

disease transmi cterr3 1 viith a corrGsponding increase in 

studies on t~1.eir taxonomy and -biology. 

ii. I ... 
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ii. 

'l:he iJ.enti ty of South A.Zrica' s .Qg]-js_Qj.d.es BlJ:P. 

was clarified by Fiedler (1951) 1 ru1J Caeiro described 

C. g1.1~ benkia~:..i in 1959, bringing the total to 22 species. 

So111G of these s_,_)ecies occur throughout Africa whilo one 

SlJecies viz. Co s_chultze~ Enderle in is also found in 

India 1 JalJan and recently in parts of Australia 

(A .L. Dyco, 1967 - _yersonal cormnunication). 

To date little or no information exists on the 

biology and inunaturG morphology of South African 

Culi~.?_oiiGs spp. other than briof and scattered references 

from other part~ of .il.frica." or inc om}Jlote lJUpal des­

crilJtions usually based on a single exuvia from which the 

identified adult had omorged. A thorough study of tho 

man;y- a;;;;pects making up t~1o biology of a species as 11ell 

as a complete morphologic~l study o~~= the iii1maturo sta6 es 

of thoso species is needed, therefore. '.rhis is a vary 

large ta.:3k which car::.not bo accoml;li0hed in a few yvars. 

Tho followin.:; tirca,tiso 'dill at com_pt to consolida:'co 

existing lJUblis:aed .=tnd unJ_Jublishcd ob;;:,ervations and will 

It is 

hoped thdt this study will contribute to a clearer 

u:nJ.ol"St(:}.:t:ding of the role pl8.yeJ_ by these bitinc; midges 

in tho transmi.ssion of blueton~uo and horsocicknoss 

viruses, and l)CrhalJS o clL.;r d.:L.-:Joasos 1 tho tr3.nsmission of· 

which has still to bo explained satisf~c~orily. 

Since; the invc;stiga;tions cover two vvidol;y· differing 

o.s1;ects, Eo.,mel:y- biolog~r and morphology, thoy will be 

dealt with SOlX:~rs~toly as Part I o,nd IJart II 9 

rospuctivclyo 

iJihc.: wri tcr wishes to thank Prof. J .J. Ma tthee, 

Prof p R .M. du 'l1oi t, Dr. Ger"Lirucl fhoilor and 

l.Ir. KcP.I'L Kloynha.n;J for ·clloir helpful Cl'iticism of tho 

manuscript. JJ'or tochnica.l holp many thanks i.lro due to 

Mc;~:L;:.;rs. D. W. du Plooy, R .B. -Yio bur 1 I'L C. do Lango and 

Miss K. Roos. 'l1hc 'dritor is also indebted to the 

pho~ogr:tphic section at OnclerstGpoort, especially 

I.Ir. A.M. du Bruyn, for photo3:c~IJh:J of draYvings and 

graphs. 
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PART .! Biologic.J.l :3tuclios On Some South Al .. rico..n 

Culicoidos Species. 

l. II~-THODUCTION 

1'h0 impOl"t:ulC8 of biologic2--l studios on ,91.~li_2_oidos 

spucios h~s recontly boon roalizod in most parts of tho 

\'Vorld oslJocially those vvl1or>G Culicoido~ ~~ro of i:m:_oortanco 

o.s voctorD of disGCLso org~u1isms or whore thoy aro of' 

nt.J.isc:nce value. In Afric3, hovevor, vary fow studies 

h.:1vo been mo.,de on their tjiology. Cc=~rtor, Ingru.m & 

Mo.cfio ( 1920) were tho first to mcLk0 obscrvu.tions on the 

biolog;y of Afric3.n Cl;l_licoidos spocios but until recently 

no othor worthvihilo o:tte:mpts havo ·boon mo.do. 

In 1961 1 Nc,gaty and I1Iorsy start-Jd t.::.txonoj.J1ic and 

biological studies on Cu~~coidos in Egypt, but their 

obsorvc,tions h:.:,ve to date boon limitocl (1961, 1962). 

Sinco 194~L vrhon Dt1 Toit sho\:od CulicoiC!-.9...§. SlJP, to 

be tho vo0tors of bluetongue clisoo.so o:C shoop_ and African 

hor3eS:"Lcknoss, mc1.ny ohJorvations havo boon m.ado at 

Ondcrstopoort on th2 biology· of t~1oso midgos but thoso 

h~::.vo r:evur boon published~ s.nd al thou~)1 Deasonctl 

vari=:.cion in ~l~coidofJ num"oeJ.:'s h~1.s boo:n noticed yos,rly, 

it l"Ets until roccntly· r.:.Gvor boon r"1oa.sured. 

Tho following treatiso on the biology of C~l+_i_c::_9idos_ 

S}x;ciGs consists of 3. thorough otucl;y- by the vrriter of 

five rnain aspects of C·Gtlicoid.cs biology a·c Onc1erstopoort. 

Those include studies on Gho lifo-cycle, brooding sitos, 

time of ±'light? sec:~son.?-.1 s.bund~::.ncu and v~riation in 

c:.burJ.danco of v-.:1rious spoci0s throughout ·che yc;;ar. 

Inform~d;ion ~ai:nod from. GD.ch ol' those .~_,spocts tends to 

supploment the others so th~t eventu~lly an overall 

pic turo of tlle biology of .Qul_:Ls_~s may be formed. 

c. onou~andei Do Luillon 
-~-~-------~--

C. co:~nutus J)o Ivieillon 

2. I ... 
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9. nigri]J_?r.cnis CZ.lrter, lngr:t:m and Mac fie 

C. oriodondroni C·J.rtor ~ Ingrar;1 L-1nd T;Iaciie 

C • 1J e d ford i liJ..gr n.:;.n and Mac fie 

c. babrius Do Moillon 

C. hirtiuE~ . .Jo Ivioillon c":cHl Lavoipierrc 

I'ho B!JecioCJ which received mos·c '"'d;IJention were 

those which .-:,ro tho mo~d; abundant at 0J.'lc1crstepoort or 

vrhic~1 \Ior:.:: ro:::rud in thu le:.bor:~:.tory viz o 

~- .J:2D.lliJ.;L_Q·_;Ir::.:.is, C. lJycno:~ t~ctu,J, C,.. di;;;;tinct~.l).£n_:Q._;L.§.. ~ 

C. bedf<?£-~::...:h~ a,l t11ough o·bs~JrV .. vtioilS on somo of tho less 

.J.buncla.nt srJocios ho.ve b;;;en included in s·cuclics on 

breeding sitos. 
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~·Toot of tho invcstic;..:~tioniJ depended upon a const:~nt 

A sv.c ti on-

typo liL;;ht tra1J of simil2.l" d.osign to tho modified Nev1 

Jorsoy lie;ht tr~.':.l) UGod oy Du 1'oi t (1944) viJ.S o:per,:.,tod 

nightly ovor tho lo,st three y02..rs, 1963 to 1966 (Fig. 1). 

Insects Y!Cl'c o.ttr...:~cte;d to c, 100 wo.tt oloctric globo fixed. 

beno~th tho 44 inch long cylindrical tr2p. A s-trong 

up"'>7~~rd clr~.-:::.ught of c.:.ir l·l~'J3 cre:::vtucl by o.. largo extractor 

fan mounted in tho top of this cylinder and all insocts 

were cctut;ht in o.n organdio-covorod cage; interposed betwoon 

tlle light and -Gho f~:;,n. This ce:.go had a w-ooden frc.~mc and 

'J/2.8 :fitted OIJ_ one sido wit;h gl2.ss or pcrslJ0X through 

v:hich thG cc=~tch could be clo.:-~rly soon and~ us.ing an 

.:J.s pir~~ tor 7 all .Qu.lic o~ midges \Vero romovod via a 
sleeve over tho inlot. 

Tho trap WQB suGpcnded bhrce foot nbove the ground 

under ::...,., lL.'vrgc "v:c:tg-~n-biotjie" tree (Zizyj_Jhus BlJ·) ~ the 

trao st~nding 3bout 10 y~rQs from a long open st~blo 

norms.lly housing 35 mul;:;;s and ll horses at night. This 

position wGc found by Prof. R.M. du Toit (personal 

colm:tlunic.:.:~tion) to be~ tho bust ,si to c.tt Ondorstepoort for 

trGpping Culicoidos. A sil~1il...::.l'"' trc.p si tu:ttod only 

50 yardo from this positio~ w2s found by tho writor to 

catch only ono third ~s many mid~os. 

( b ) ~i-lP.S?X_~:,t v :r.J~_§_-~~~ o s on_ IJ f o - C?]{ c l o • 

( 1) Ov~J2.~Jtion o 

J~ive ' .... ild-cLrcLght Culicoidoe:; \'/Oro fod on tho sh~lvon 

Tho cage holding tho midges was 
d~--.rkoned oxcopt for ;_~ Dms.ll -.::.rc::: of light on thG rabbit 1 s 

Sir.:.co inid.gos ~~r0 ;:_-..,t Grc;.ctoc1 to light undor those 

conditionu, this s~:;rvod to concorl'Gr;_;:_to t:i1oir numb0rs in 

the vicinity of the ec:~r. In this "Vlay O.IJI?.roximo:tGly 50% 

would food aft-;cr tvro hours lllthough IilZ-tny di(Jc1, prosumo..oly 

du,:; to dosicc,:Ltion L:.nCl injury c;;.,usGd Yil1cn largo numbers 

:::1-ro cone sntr.:·~tod in a sm.::.i.ll Cll'o::::.. 

'l1hG living- midges vv-sro thor::. romovod with an 

o..spir._-~tor 7 ~:E2-ost~1.0tizud v.-ith cLt::cbon dioxido (C02)? CJ.nd 

tr~nsforrod to a sorting-chamber mndo of })Grspox c,nd 

rrl" o c ( -,--i' l. c b ,,Q._, j_ b. 2) • H~ro they could bo kept anaosthotizod 

for up to h~lf ~n ~our by ~ slow flow of C02 through 

4. I o •• 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



- 4 -

cho.mbGr. Tl1iG chc:.mbcr wo.s des i:.:;n..::d to fit under a 
di:asectinG microscope ~30 thc~t tho v.J.rious species of 

~9_9id.os could bo id.o1::.tifi-Jd. whil0 c;.li vo. Engorgod 
specimens of dif=c"'c;rcnt s:pocios v;oro the;n ronuv-Jd. by 

:JBpir,_tor to sop~~r;·~~tc tubes fo::c ogg-lsying. 

These tubas \v"G:ro 2 x li inches in size Yritll '""" 

3/4 inch l:.yer vf t:..""'.rapod-dovn.J. moist cotto:n vvcol. 1\ro 

lo.yors of filto:L· p.::j!0r 9 cxe1ctly J.i tting thos o tubes '1 

v1oro plc~cod on th;:; c .. ,·cton wool. 1'his lJrovidocl L1n oven 

surf . .J.c a Oll v;hic:l o:.;js could be l:J.icl o.nd rcduc e:C. -~llo 

dangor of wings bacuming stuck to wot suri~ces·. Tho 

tub~s wor0 thon hold in ~ horizontal position and from 

onJ to twenty-five o.nnosthobizod fomnlos 0f a single 

species wore plucod on th~ dry gl~ss sides. 

prov,.:ntod thoir \Vings from o.clhering to tho moist fil tor 

pc..:.por during thoir subsoque1:..t strugglo:J OE rocovori:ng 

At tho scntl0 ti11 .. o tho tubos Hero 

stO})porCJd \i7 J.th cotton vlvol, 211cl 8-i'te::t." r::.;covory of tho 

::tdults~ C.tkut fivo minuto.s lc~tor 1 tho "tu0os vvcro plac.::cl 

oroc·t ~nd hold in ~ room at 72°F fGr oviposicion. 

( 2) J.Jo.~v :~o. :::tnd pupCtc . 

Glass nocdlo-boxos 31/4' .; --·~ c·11'·· .-:·· -'-.L- J.. vi..J in di,211lO t .:;r b;y 

21/4 inches doe} ~ith a loose glass top wore usod to 

r0~r tho l~rv~u of oach specios. Following tho mothod 

of J o::.1.os ( 1960) , sifted soil rich i:;.: humus and fresh 

bovi::lo dung \-Tore thcroughly mixed i:1 t~1e- r(J.tio 2:1 to 

llc.:.lf -fill -tho c ontc:,inor c.nd w~2.s t ~LinlJOCL down to provide 
t" 

a slope of ~bout 45u. Tap ~~tor was ~ddod slowly until 

the; 111odiwu v;..:s thuroughly vrot .::~nd fl""'ee vvu tcr axt2nded 

h=:.lf ,,;:_1.y up -~ho slope o In this W,J,Y l:;i.rv-:.;,o could choose 

tho correct ,~~~mc,unt uf moisturo to suit their requiromo:nts. 

Eggs luid on the filter paper in tho ogg l~ying 

tubGs HG:l."'O addod to ·i.Jh8 lc~rvc:~l medium by· plGwing tho 

filtor p~par discs with one odgc oub~org2d so that tho 

lJGpor r0I11.~~lnod very moi:Jt :.:~nd thus i.-"'.Ssistcd tho no\lly 

cvc1por,-~ cion tv o1;: pl:~c o. Sometiiil-JD 2..n "Gily" film would 

form on tho surf:.1co uf the YJ"L~tol' c::1nd this \"1:..-:..s rcmov-:;d 

\Vi th cis~_,lh~ ur filtor :f.Kll)iJX', irwi.lOcliCLtol;:/ it WO..S nuticod, 

I\l:t.J~~1e '1!Gl"J rocovoTC)d fr0m the l'll-Jdiw:J. b~r flooding 

v1hich c.::;,usod. lihGiil cu v;rigglJ uut Gf ·ch3ir posi-~iuns in 

5 s I ... 
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removed by means of a. suction tube. 

al3o recoverd in this ·,"JC.;:I but for almost comple-ce 

recovery of l~rvae it was necessary to make use of the 

r.1!9thod originally de.Jcribecl b_:/ Ladell (19.36) (cited b:y-

Ket tle E; Lavmon, 1952). ln ti".LiG method the larval 

medium vre;.a first Viashec\. --~l::_rongh 10 a:u.J. 20 mesh sieves 

to remove very- large :particles a..nc1 the1~ through a 

100 xn.e;:;h sieve vLLic:::l retained all ld.:cvae and pupae. 

'rheue '.-.rere culJsocfLlently- floc~ted in a sat11rd-Ged solution 

of mac;nesium sulphate, :reY,lovec1 to cleall viater using a 

suction tube, killed in hot rvc~ter and 1n~e0erved in 

70 :)er cent eth:y·l alcohol fo:c later morphological 

studies. 

Oh.:~ervatior;_;:;; on the life-c~rcle ruade while rearine; 

the various C~icg_ide..§_ SlJecies, as ~;vell a.s cert2.in related 

r:::inor experiments~ \Iill be discussed later 1 but it must 

be emj_Jhasized that a, thorougl2- st·uu;;/ of the life-c;ycle of 

clle various Cul~_g_oicle;:3 S})ecies ·,7a.s not the aim of this 

inve3tigation, 

(c) Breedi:n,,.,. S:i_ tes. 
--··------~----- ----~-

I10 cleterL::tine the >Ji·cu:ltion. of breeding .::.;ites., two 

nethod:J Here adopted. 'J:hese consisted of the uso of' 

eme~cgence cages :placed over the suslJectocl breedinG a:r·ea 7 

and the removal of ~reedin~ illedium to case~ for elliergence 

in the laboratory~ 

and. usecl ~J.)' Dro G.G.JI. :l!'ietiler and .Dr. )_~.r.r. du :l:oit in 

1949 clata). I
. __ 
lJ consisted of a vrooclen 

framework 14 x 9 x 9 incbes covered with or~~ndie. Two 

sheets of ~la.s:·.:; converc;ecl inte:-cnall;;- so tl1c:1t the;:r for111ed 

a non-return ro1)._te -Go the OTG--ndie-covel,.,ed section of the 

cage. Midges ~ere reuoveQ from thia sec~ion throu~h a 

sleeve at one end o:l' the cage. The lover e~~e of the 

cage \iSl.S fi cted ~':it:l d tilree ilJ.Ch ~:netc.tl 11 Skirt 11 WlliCh 

could be c :-1 

l)USilOQ into the :.:;;oil of the su:_:.;_poc·ced breeding 

site. This anc:1.ored the ca.ge and also }Jreve:: .. ted eGCdj_Je 

beneath the eclJ;eSo 

not ideal au t~1e 2,l,..i.ss r.:.on-:co-GurL section is not al­

together pl"Oo:f against retur:;:i of the l-:.:idt;es to the soil 9 

It is su6 :_;,os;;ed 

therefore that i'uture investi6 . .:.,Gions or.;. breedi:..1.g sites 

(1966). 

6. I 
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aiv2~nta.:;o of· disturbine-; -c11e brsod.i:t.!.t; medium to tl1e least 

possible extent but the di8e:tlvant2<se of having to be 

visi teJ. regcLlarl;y e Furthermore, in winter few or no 

s..dul ts Ctilere;e so tha .. t it beca::ue essential to re:J.ove 

breeding :t'nediu£1 to the c or.Ltrolled tei~J.IJere; .. ture of tl.1e 

labor.:1tory. 

in s;. :wet.:-l.l or gl3.ss c onta.inor a~:1d. c ovel'"'ed v.ri til an 

orc;::;1.nuie cage with j)8l"':Jpex vieHinu windov1 and sleeve for 

midge removal. 

On occasions v/J.len a rarJid check vvas req_uirGd to 

cletermine \illethor a suspec ·tod breeding :wediUl1l contained 

lal"VJ.e, the method usod 1)~; l3illlingma;yer ( 1957) \Vd.S 

adopted. 'J.'hi;:J invo1v.~"3d covering the surface of a 

sample of the :wediul~l ui··til lJl ... esifted. ·vvasl1ecl u.:.1nd to a 

de1)th of about one inch, CLd.d.ing \vater until the ;::;and 

was j"J.s t flooded 1 then 102'<-Ving ovel,...night for tho larvae 

to 1:1ake ·cJ.1eir vv-a;y to the Sl).rface 0 11hG follovv-ing 

rJ.orning tho sand la.yer u2 .. s quick1y scooped out onto a 

sieve of a size sufficient to retain th·e sand but not 

lo.rva.e 1 c~na the larvae r:ere y;a,shed ou··c o:i the sand • 

The filtr~te was then pa~ood ~~rou~1 a 100 mesh sieve 

o.nd the contents of the sieve er.ll:ptied into cl8ar •. wcd:;el'"'. 

Culicoides lurve1e could \)e U.ete:cmined a;.-::.d tlle remainder 

of the oample crruld either be Jiscardod or kept to 

determine ·t;he sr)ecies ~)resent T);:y aclul t energence anJ. 

ic1entii'icationo 

(d) II our~? o:f Ac ti v~ tx. 
Cul_.:hg~Q._icies E.Lce seldom i:f ever seen d1).ring the day­

time and appear to ·be ac·civo onlJ at; ni 0 ht a.s evidenced 

by la:cc::,e and rc~-t11ar li 6 ht tra1) catches. To determine 

the period c1urj_nc; the l'lit:)l-t -~ib.c:c. 9.J:~~_9_oiJ.e_:.~ are ac t:L. ve ~ 

the cage in the light tra._p wa;:, re11lw.ced every two hours 

This \·: .... ~s re.rJea:tGd on five 

Each of the six two-hourly 

catches \'iS.S counted in the lc..bora.tory -~}le IJ.exi.i morning. 

On the :~.r:ights analys2d ·b~· t:nj_s rJ.eans 1 a. 

tilermolly£:SrO~I'c;~l)h \vas or)er..:J,tecl a fevr i'eet i'roia the li6 :lt 

trap so that cc..tches couJ_J_ bo com1Jareel \\i-Gh temj_)erature 

7. I ... 
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( 8) 

The Culi_C?_oie.es_ ca.tches fro~11 the light-trd:p described 

a.bove \1erc; recorded daj.l;y fro:n 1963 to 1966. After 

removin~ the midges from the c~ge they were killed with 

ethGr vapour anc1 l.-:.nH3.nted i:1.cect;a vlere removed. If 

there ~.vere leus than 1 ~000 .9J1lic_9iies they \Jere counted 

directly l.,Ulder ~ stereo diss8ctinc ~icroscope. If more 

than 1, OGO' the mil~t;es \/ere HeighoJ in crc.IllS to four 

decL:·1al :places and b~/ co:Gl_tx:.:cison v1ith the '>//eight of a 

c ountec1 number oi' mi:lc_;;es, normally 1 9 000, their nu;:nber·s 

could be calcul~~ed. Early in the season (September to 

December) a hiGh proportion of lar6e species sue~ as 

9. lJyc:no;;;; t~~l~ and. h.P:istinctipelL.'1;..i£ are lJresent '~ but 

as tl1e 3eas on }.Jro2,rcs s es and bhe lJercentu.c;e of small 

of 1,000 midgos alters. 1'hi:J \kLS teiken inlio account by 

re:poated checks of samr)lo vmi 0 htG t.l1roughout tho seas on. 

Hainfall and tomper-'-liurc records for this J}eriod 

-,verG obtained irom the x;;.etoorolobical sts:tion a.t Onuer­

:JterJoort in order to' corr,::la-ce seasonal V.;.:.rie;;tions in 

Culicoicleo al::rc.r1.da.:nco \'fit • .:. vrcathor COJ.Iditions 'dhere 
--~--~ .-~·r-

l_)o;_:,sible. 

From November, 1965 caroful daily records \!era kept 

of catches fron -.::~ simil::.~J:.~ tr,J.j) at the farm nKaalplaas 11 

nearly four lliiles from Cndorstepoorta 

of ne:.;;.rly 3 1 CGO LlOI\;en of buoll-covered hills and o_pe:n. 

veld. 

co11ld be seen fror~1 cx1o :nc8.ro0t hillocl-c '-'-bout 100 ;)rarus 

away and. r.!.oo . .r somo :p..:::i.clllocks used on occc~sion for ca..;tle 

or horses. 

v1here building:::; and c~:~rilps l·.:.ou.Jii.tg large con.centr.J.iJions of 

foTils, horses 1 pigs 1 sheop and cat~lo are to be found. 

enligldionin;;; therefore. 

(f) Seasonal Vari~tion in Culicoides 3~ecies. 
-·--·-----~---------~-~ .. -~- ....... 

As previously Bentioned there are approxi@ately 

The::Je 

species are not all lJresent at tho same time of the yec.r 

and although L1al1.~7 s1x~cies ~::lay be p:cesent throughout the 

su.r.nrner s oas on thcJ are i!loro nur.1erous o:li certain tiuws .. 

s. I ... 
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To deterDine those tiilles it ~as necessary to tako 
reSll..lla.:r' samplos of tile J.it;ht tx·ap ca,tchc;s and to 

identify all the Sl)GCi-38 l.Jl"ODOllt. 

500 and l y 000 sr>eciraens vJC:.s prei'errecl but if less than 

Tne Onder-
., 

\"IOGK 

betvveen August 1 1965 and M£1~/, 1966 (June ancl July having 

nil c:1tches) and similar ana1Jses 1/Gre made of the 
11 Kaalr)la:::.;.s" catchos from l'Tove:mlJer, 1965 orn·~·ards. 

Identifications were :::nac:.o usin_; ·che icey d:ra17n up 

by ]1 iedler (1951) and Caoj_ro' .'::> (1959) ~lescri:ption of 

C ~- gul b~i,::~.ni • 

3. 

(a) ~_aborat_9ry S-tudies on Lifo-c_;y-c~lq .• 

(1) )?.xoovil)osition :.:?.~.E._iod. 

On nuraeroua occar.;ion:3 Ylllen large lllJ...Llber;..; of egg,s 
Here req_uired for a;t·cem.I;ts to st-.::.rt a colony, a thousand 

or more iiiild-cD.ught :midces? :mostly C •.. .J?allid.irJC.nmis, 

were fed on a rc:.:,:bbi ·c 's o.:1r and 11rovide~L Yii th :r.nois t 

filter paper OL ~iliich to lay O~GS· At 72°F and about 

45 per cent n.H. :nost e~::;s \!ere laiu tiu"ee to four days 

after tl~c blood-i!ioal ~ \t.:.J.ile at 80°F' e.:;;s vmre laid aftor 

~i'his J)Griod. -\;ao not cle L;erl;lincd fo::· individual 

Sj_)GCiGS s 

( 2) 12.&~· 
Or.;.e lJatch of e:;c;s io Daturcd for each blood-m0al 

take~ (Kottle, 1962). By stuclyin~ follicular relicts, 

Gluchova (1958) (cited by Kottle, 1962) has shown 'Chat 

up to four batches of o~gs illay be laid in nature by 

The isola~od s~ecimens used in 

tho :prcsori.c studioc never lc:::,id GOl'e Gha.n one batch of 

o~gs 9 ho\vever ~ since ti'1oy· ~i thaJ:."' died i.nrracdia c2ly after 

egg layin~ or woulQ not feed again. 

~~g~ of the various SDecics varied in colour from 

lit£ht to vory dark brov:n, ·but thi:J colour C.iffarence Wc.iS 

not consi3tent in every spocias. 1fhe e L,:,,,;u are noraally 

o I 
J • I 
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~:ro determine the number of eggs each female is 

capable of laying in one ·batcl1 1 the ege:;s were dissected 

from females three days after engorging on blood 1 or 

tl1e number of eggs ovilJOsi ted by a female wore cOLL."'1.ted 

ancl to these Hero added unlaid eggs reElovc;d by 

dissection in distilled w~ter. 

The number of eggs varied considerably be-G\ieen 

species but also betneen individuals of the same species 

as can be seen in Table 1. 

Number of eggs lajd in a _§inr;1e batch 

by Culicoides spp. 
~--~-m::;:;:::.;:&!!:-•..,.,.,_~__,::..::.. 

---,~--~-~·--·--· --·------- ----· 
11vera~ 

ljeiiia"le _________________________ --.:. .. -~---Number of 
I2lflt1..::\ e s 

Number of 
egg~. 

p. pa1lidi~epnis 
c. ni~f:lB 
C. dii.:;-~inc-G=!-J22nnis 

C. £JTCllOStictl.l.,S 

c. ~lill}_qi 

C • s c t::tll t z e i 

C ~--J:>edford~ 

Q.!~_]:'.§ Vl.:~ 

~r:_prius 

C. ma.o-nus - ---~----

h...~l ~enki.§.I~i 

9 
9 
6 

3 
l 

1 

1 

1 

1 

1 

1 
----..;_- ·--~----~~.-- .... ......._,.._,_-,.p. -~.-. .. - .... -----,.~------.... ,_. ----

41-86 69 

126-264 162 

106-236 140 

91-126 110 

93 9.3 
92 92 

122 122 

119 119 

70 70 
142 142 

55 55 
-~~·----.,.,~--·--~~ 

At a tem~oe:cature of 70 to 75°F the incu.h:J..tion period 

for C. __ 2allidi};?8XllliS r C • di;;:.rcincti})GJ:lr.LiS 'I C_! -pycnos-'Gictus, 

~~v_9~ and h_ rn.ilnei was three days and four days for 

C • ill8;:_6l1.US_. Most of these 1)eriods v1ere determined for 

a batch of about 100 eggs laid by a single female except 

in the case of C • .IJallidiper.ul~-~ where thousands of eggs 

from hundreds of females V{ere observed. 

To test the effect of desiccation on C1,;L1icoid.es eggs 

a mixed IJopulation of \7ild-caught Culi.coid?s were allowed 

to lay egzs on moist filter paper over a period of three 

Jays so that eggs of all ages from newly laid to those 

about to hatch were present. ILi·tially very slow 

desiccation was attempted b;;• slowly· dr;iing oub a moist 
:pad of cot tori v1ool on Ylhich tl1e filter pa}Jer v:i th the 

eggs rested. This was done at 80°F and 85 :pc;:r cent 

R.H. It vras found~ ho\vever 7 that et;gs do no·~ gradually 

collapse as the papeJ:- clries out, but ramain tur:5id and 

10. I ... 
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normal until the :;_Jape:r is c o~J.plotely dr;y- 1v11on they thon 

collapse. Slovi desiccation tl1us see.ilts impossible as 

eggs ap:)arently. oEly require 100 per cent H .H. in order 

to ror.1ain turgid. 'r~:ere:J.:f"Gor only the filter paper discs 

of eggs were dried at 85 per cent R.H. After drying 

for . .1 feTI! hour'G ii1ost ot· the o._;;gs l:aC. collapsed.. About 

one per cent 1.vere still tur.:;id -::~nd. ·t;llese clid not collapse 

on further dryi_nz. On inu~wrsion in vrater tlH;s e turc;id 

eggs hatched ~lile those ~1ich collapsed never recoverede 

This S"llgc:.)e s ts -that in na turo mos ·-c eggs vrill sul~vi ve 

dec;icca cion wl.tile "tllO;}'" are in a Datur;_j,-[;e,:~ atmos:phere and 

:Jl1ould further drying take _pl~~te:e a f'evv oc,t_;;J :ula:y- still 

survive to give rise to o. nevi generation when sl::itable 

cont..~itions roturn. 

It that illore detailed anc1. exact 

studies such as those by Parker (1950) on the oggs of 

Scottish midses 1 a.ro }Jo;.:;si1)l8 ~ but this vras not t:::1o ai:t~-: 

of tho present study. Parko:r· found tha.t most s_pecios 

could not ;:;urviV'2 f~3 hours desiccation and thut the age 

of the ec;g also af. ectad its abilit~/ to survive 

desicca,tion ~ }\;lT'~:or ~ ilO\iover 9 made use of a c dlc i ru11 

cltloride desicc::.d;or \7hich caEr:.ot b0 compared. \Vith the 

conc.l.i tions of tho above expcriuents o 

hatcheJ.o Irn.lnd.e,~·cion of oc;gs in na. Guro should therefore 

not ad vsrs ely e:;,if:.:.; c c ha tchi:n;. 

wool in a closed :p0 tri-disL. in c~:.e roi~rigerc..tor at 

44 °I~ ( 6. 5°C). Egzs wor·J removed to room "Ge:..:11)erature at 

in cervi:ils nnJ. tho numbora _,__u0.tcl1ine; note~1. 

v:ore 0 till viaolo and aftcr 37 days no og.;s hatc:1ed. 

The exact timo neaciod to prevent all e 6 gs fron bdtchin~ 

Has not detormin2d. 

( .3) Lal:Y.~. 
'l1::.1o E1ix·cure of Soil O..IlU OOVille U.Ullg US Gd ciS a 

t)reec1inc:.S Ii""GdiuL~ "~ras not oqua.lly acC8J.Jtablo to all S~)ecies 

of Culicoides. 
---·--~ -

alJlXLJ..rod -co fi11d t)_lio nurlium. s·o.i-l"i:J.blo for dovclo~"JLlen-t as 

n:.t.ny reached -Gllo :pllj)O.l .Jt2.c;o v;i·chin 10 -co 20 ~Lays of the 

11. I ... 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



- 11 -

Only a feY¥ c e SC]}~l tzei_ cJ.nd _Q_!__£ll_ilnei developed to 

the ad.T1lt stage? \'fhile Iuuch difficulty v1as experienced 

i:n rearing C._ :;natjnus and C. lJallidipennis to the :pupal 

s·tage? only a fevf specimens being successful in l"eaching 

this std.ge. 

Culicoides larvae are normally found in the surfa.ce 

layer of the medium. \Vher8 the~r "snake 11 in and out 1 or 

emerge and re ere at into lJurrovvs as described by Linley 

(1966). All the Sj_Jecie;3 studied excapt C. bedforg.i 

u::t_)]_)e arecl to ho. ve this ha b:i_ t ~ and on studying the 1~1edi u:m 

uncler a diusecti:n.0 microuco:pe v:Jith incident light 9 the 

larva.e of .Q_._~-istinctJ._.Q~I~is remained exposed for from 

10 to 20 seconds~ EllJI)earin(:S to h3.Gk in the heat of the 

light before reversin.s below the surf::tce. Larvae of 

C. bedfordi on the other hand were never seen during 

their entire development .stll(~ vvere only- found on Hashing 

the medium through sieves and floatin.s in IVIg::>o4 .solution. 

It is normc~ll;y difficult to decide vihat ·the 1arvae 

are feeding ono Kettle (1962) reviewed the literdture 

and sug3;est0d that those lJ.:rvae 'wvith heavily· built 

:pharynges f'eecl on algt-1.8, fun3·i and ·bacterial filns" 

Hhile those vrith light p:1:-1ryn__ses may feecl on algae or 

detritus or be carnivorouso ~homser.~. (1937) S"tcites that 

Culic oidGs ld-rvc.~e are Cd.rni vorous and occasionally 

canni bali~3-Gic which agreeB ~Iith hor oo.rlior statement 

th~t "th0 carnivorous l;:;~rv~e have a lon0 narrovv head 1 

with the mouth-parts dir0cced ~nteriorly, a weakly 

scl2rotized labium~ ~1nd a sinJ;le-toothed mandible". 

During the present study foux·th stage ..Q_. 111i:J_nei larva.G 

'Nero twice seen c3.eVOlJ.rine;? tc:;~.il first? llve second 

i:nsta.r larv ~~o of tho samo species? and a nuL1bcr- of 

a.lc ohol :._Jros erve;c1 C._ ni -y_g_~"L(§_ fm1rtll s tc.:1go larvae were 

found Yfi th half-eaten srna1lor larva.o protruding from 

their mouths. Caru1ib~lism does thur2fore Jefinitoly 

occur a:mongs·c the specios studied. 

iro ~lotor~-:aine vvhothor larvo.o c;_J .. n 1vithsta.nd :periods 

of iilunorsion 9 fourth inst,.J.r larv~o ol all tho species 

stl).diod excep-t C. scjl_\ll"tzoi vroro placed in lJetri-dis:Lles 

of vvater .;J.,nd obsorv0d. Ls,rv,~~e of Q..._~Jycnos-~_l_g_~~..§..~ 

~ c - 1 • • I r-72°F f L_ni vo~ o..nd ~.o_ __ ~gn1:~~ survl vc:a lEI:ilurslon a-c 1 - or 

uix dc:.ys and lo:ngor 9 \rhile those of ~-~~:t-J3til}.ci_~·;Jenni..@_~ 

C. pa~lidi D8:r.~.nis 9 9. milnoi Et.ncl C -·-~l?,Jdi'ordi wero still 

alivo uftor 13 d~ys ~nd longer. Since those tests were 

not rep2~ted the differonc~s in the periods oi survival 

12. I ... 
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could. l)OGsibly b~.; duo to tho phyoiolo_;ical state:: of tho 

larv~o or somo o~hor factor. fhe main point illustrG.-GGd 

b:: chose tosts ~ however~ is thz.lt tho fou:cth stc.go larve;.o 

. .;,nd posB i bly· other s to.gos s.rc ca1x.~blc of surviving lono; 

pc~riods of iDI:wr3ion Vl.i.licll aro lik0ly to occur in n(.:.tiUr'o 

Kuttlc (1962) statJL that 

lJUlXltion does not occur ii' lc1.rvac :::n·o kGj_Jt flooded. In 

tl1e prGscnt study tho odcl larva of' both h pallidi ponnis 

~1nd C. bedf'ordi lJUpc.toc!. \vllilG su-bmorgod 'out died soon 

::~f to r;,vard s . 

Iv~adi:.:-;, contaj_nint; i'm.-t.rt~.L inst::'.r la::cvc1o of 9...!-l?:~vosus Y 

h_i?_ycl'l()s-~i_c·tus and C. milnei were IJlc:iccd in a rcfriGor ... tor 

at 44°F (6.5°0) for from 10 to 14 days. On returning 

tho m.cdia to room ·comlJGr--,turo dovclopmont was complet\.;)cl 

in tho norm~l time. No dodd 1arva.o \IOr8 noticuJ a.nd it 

would :J.I)lJO-SG' that ·che lov,r tompcr,~~tur8 did not u.dvorsoly 

uffoct the: lo.rv~~u but tonl.L)o:r~-~ri1;y- ·orou.silt clcvc.;;lo_)ment to 
::. c om};->loto st-.::~ndstill. P~riods oi rGfrisor~tion lon~or 

This w~s found to be 

~ very usoful i~1otl1od o:f dolaying dovolopr1ont s~nd c~1n be; 

corilparod with vrinl::.:..;r conditione in nc~turo \vh:;ro ovor-

Ovcrv'lintcring 

appo0.rs to t,::_;Jro the; for~-'1 of ro tc..Lr<lud d.ovolopmont r~~thor 

th~~n ct di2-l)CUS8 si:acu , __ SJllljJlc of' brcuc:Lin0 :U10dium brought 

i::mnedi,J,tcly give rico ·to _::Ldults. 

A~ 70 to 75°F the poriod ~rom ogG-l~ying to tho 

firE3 t .1dul ts ~lVG~C\J..gsd 20 uG.J'S 9 vii t.:.1 omo::cg0nc o extending 

from ll to 66 d~ys ~ftor oviposition. Lc;,rval periods 

for six species v.-"ri8c1 bot'·JOGIJ. sovcn ~.::1CL 25 da,ys anc1 t~.1o 

tho first to omorJo. Unc1or 1:::~1JorD.tory condi tio:LlG 

therefore; tho mi::.:.il~llli.Ct poriod fol" =t generation to bo 

complotcd is sbout 25 d~ys (i.oo bho ~~riod ogG to ogg). 

'rhoso times ,_~ro vorJ sir .. 1ilar to t~Joso found b~:-· Jones 

( 1964) f'or ~1is c olo:r::.J of 9_-__Y.:--ri:!-J2..0l:;..:._i..s -~-op.o~_g.f!-sis 

-i!irth cL Jones o This li£0-cyclo took ~bout 24 ~~ys 

~criod prior to bloo~ ingestion ouo 9 ~nd ~r2ovipositi0~ 

Iup~t. ti or.:. "G..:tkos l_Jl~~c.:; in mud c.t th(; ,surf,:lc G of ·cho 

moJim1
9 

LhG i_)Up~ mcxloouvorillg i·~l.-Jclf into nn U_)rigilt 

};osition wit~1 tll.c; t-vv·o r-.;;_;IJir~tor;y· llorna j_Jrotruding from 

lj. / oo• 
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~h0 surf ~'.c G • On iiillncrs ion mos -c l:;up_~o vr.ri c;glc fro c of 

they h~nb from the horns. 

hOYiove;r 1 Here th0 only on..;s \Vl1.ic.t::. did not float to tho 

6 -- oc ' l • -.) ·c.11e:y rorl:c~l::.J.od <J.livo for 1-aorc; tho..n six 

d:.;,i.ys but diod viithin onu d.~\Y c.ftor rGmov:.--..1 to room 

t-.::nlpOr,:::~tUT'U. 

Dyco & lVI"Ll.rrs..y (1966) described throe distinct 

l• -;n 
.t.!. 

Jo:mo spocios 

float to the surf"'~ce 2-nd are unable to submerge o This 

is t~1e c2se in all che South .e1.fricun BlJecies stlld.ied 

exc erYt _Q~allidipe!lnis • Other species repe~tedly 

ri3e to the surf~ce and then sink. ln the third type 

of beh~:.viour the pU})S.e do not floc1.t but on immersion 

they- actively burrow into tile substratum. 1l 1he behaviour 

of C._J.?CLllidipennis Vlarr,__~nts it being placed in 0.. fourth 

::;roup since it cloes not float or burrow out lies loosely 

on tlle substr::Lt~.J. until it drovvns. 

Cannon & i-?.eye ( 1966) h.::~vr.3 f'ounu a si:milar ty1;e of 

1Jehaviour in the Australian ::.FJecies C. brevita.rsis 
.J.: ----· 

Kieffer, l)ut do r2.ot s-Gttte -vihether ii~JJ.Ilersion u.dverdely 

affects this species. It is of interest to note th~t 

the larvae of this species W8re found in the moist lower 

regions of fairly dry cow p~ts. 

behc:1-viour may therefore indica.te a more torrestric..:l t;y·:pe 

of develo~ment. 

( 5) Adults. 

-'\.dults emerge frm~1 the .fJUj_Jal case by lJUshing foT·ward 

the "o:perculum 11 and splitting the thorax dorsall~· for 

part of its len~th. Emergence c~il take pl~ce from 

floating puj!.J.e (except in C. p<.:i.llidipennis) or i'rom the 

surf -=~c e of the l~LrV-J.l modi u~:1 o The adults ~re dOle to 

walk on \72-ter but --.ving surfaces must not touch the vto.tor 

surf::,ce o..s the;:-/ ;:::.ppe.:.'..r to u.dherr::; to vret surfu.ces b;y-

surf:.:.:.ce tension. The body surface of the adults is 

rendered \:·;:~tor repellent by o. covoring of fino hairs. 

The life span of the adult in the field is unkno\m 

but nev1ly emerged adults oi' the Gpecies studied SUl"Vive 

from two to thTee weeks in the laboratory if provided 

vvi th 10 IJer cent honey Vici.-Ger and. a rel"''-lii ve humidity 

above 50 yeT cent. Labors~ory recired adults would not 

14. I 
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feed on r:· .. 1Jbi ts' ea:.cs or mate., however 9 so that it has 

been impobsible to est~blish a colony. To date only 

:h:tegahec1. (1956) 9 Jone.s (1964) and Hair 8~ 1'urner (1966) 

have lilanaged to maintain Cu:J:.icoides colonies. r1egahed. 

maintained a str~tin of C. nubeculosus (Iv'leigen) for six 

ye~rs before it \Veakenecl -~-nd J.ied out, \Yhiie Jones has 

mair:tained Gt. strain of C. variiT)elll'lio sonorensis si:ace 
................ ~*· ' • ,.. ... - • , ______ ----

1957. The colony of Co __ b._~~..-ti:.Qermis ( Cog_uillet) 

est~blished by Hair ~nd Turner is only onG year old. 

Establishlnent of a colony- apparently depends upon the 

selection of a suitalJle strain fron.1 the of:fsprin[6· of 

many thousands of wild-caught ro.idG;es. 

( 6 ) C q_p_~:J-.Ei.~ i o ns .• 

These laboratory observations on the life-cy~le of 
some of our .92-'l.+Jco~~s s:pecie:3 may })rovide some 

information as to the ecolosy of these species. 

':Che most import.J.nt oboervd.:bion is the fact chat all 

larv 3.8 c·~rG good 8\Vil~IG.lers c:..vl1d tha. t only- C $ l)alliq_~_Q~lll1i.§_ 

IJUl18.0 do not float and soon drova1. This means that the 

inundation by hoG.vy rains oi' a breedi:nt.., site comnon to a 

few species will nffect them differently. In ·tho larval 

stago they vvill a.ll survive 2-.:nd ·will be able; to swim to 

drier IJSl.rto. If in the lJUlX11 s ··cago ? hovvever? 

S)ecios vrill float and give rise to adults. 

adults will then be in a position to mate and lay eggs in 

the novil bre:;eclinci grm).nds creu. toci b;y· tL.e heavy· rains. 

Inund-.1t2d C !-_:pu.llicli·:Jorulis ltJ.rvao will b0 f'Ol"'cod to weti t 

for the breeding site to dry- out so:tne~:vhat beforo further 

develolJment, l)Upation c:1nd adult GlilGl·\;onco can 'tJ..ke place. 

This :proba.bl;y- exl_)lains tho lov~t catches of 9. pallidi ponnis 

during :periods of good r~in and their incJ::easo in numbers 

during drier periods which follow. Tl1o correlation 

between Culicoidos catches and rainfall will bo discussed 

later. 

Another important conclusion which can be n1aclo from 

tho study of the lifo-cyclo is that a number of 

gonorc:1tions cs.n bo completed during the su1mnor. 

Theorotic~llYs accordin~ to developmental periods in 

the lc"boratory ~ this sl1oulcl 8Ji1oun-::; co about one 

generation a month. 

15. I ... 
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(b) :Ere odill/)' Sitos 
---~ --· -Y------~-~ 
CL;__:-_=l_i_s_~]-j:.Q s br 8 G cl i:n c" v C:,T i ._; t y of s i t"lL1 t i onG l." a.nging 

froB rot-l1olos in tre:os to no.nuro and manurc-po11lltecl mud 

~t the edgo of ~oo1s. Kett1e (1962) rovioYJod larval 

"tho lGT'vao :.1rs r1oi th0r sonuir:..oly aq_uo.tic nor torrostrial, 

lJut ocCUJ)Y the ecotone -bct'~Io3n 9 oocurrin.::; in vcr .. :i uct 

soil n. Very 1i tt1e ic kno\lll of tl1e broecling sites of 

Cl.?:_~_icS?_~j.o~. in tlle EthiOIJian region. C~;,l"tor -~t .. alo 

(1920) fotulcl ~~}llioq_tclc:::?.. breeding in tho followin.; 

s i tuc\.ti ons 

C. sir.lilis -·--··· ............. -~--

0 .-

rot-holGs 

in Er~-<?~l.~nclr,or~ s p. o,nJ in tho s tuiJ.:f!G of~ banana 

lJl8.nts. 

rot-holes in 

bottom of waterlogged c~~ocs. 

co schul~zei bo-t-Gc:m of vv:~>:.terlogbed csnoos ~ in mud 

9_._c o:?-.f~~ Carter~ Inc;r:tYil ::na Liacfi.e 

?l:~ od..:r;Jyi~~..?Jl s p .. 

rot-llolo in 

rot-hole in El3.Yl0 0 -croe. 

De I.J:ei11on (1936, 1937) f·ou:nd C ·-.=~s:e~ql~:..~ls (o~rn. 

_C. l{fC~'lostiq_~}l.SJ i:n a rob-hole in a l')J.1)2:vv tree~ 

.9_ ~ . :ai v o sus 1 Y.-.!... :f!.Y.~ nos t i _s;~tus , .9..~ _ c Oi"J:lU tus c.nd C ·~ . ....:.~ cht-3-.l t~ o i 

in t:le mud aJ.:·o-c.lnd l,..ain vrc.te:r lJools 9 a:::1c.L C, en~b0J.~cl_.e_i 

in a rock pool. Fiedler (1951) found. C. o~1(;0lb::.n~_e=i:_ c.ncl 

the od.go of pools. 

Since tho oc.rly 1940's vilH;i1 De~ 1\oit shoYJe<l 

Culj._coide~- to be tho -;:;rans111i 0t2ro of bluetonGue and 

horsesicknesr.j, ss2.rohes i1av0 been cond.uctod Li.t Onder­

stepoort to discover the breoding places of these midges 

o:::JpGciall;y _c,. J?~llidij)8Yll1.is? v.rhj_c-::;_ C:.Lccounts foT· Ui/ to 

90% of t:1o liz)1t tru.p cc.t,tchos in Slli.G.l~ler. A thoroub'h 

SUdl'Ch W0.S U:C.:.d.o:;_·t..::~l:c;n by Dr. l1.M. ciu 1'oit dl'lu 

Dr. OoG.H. l!,ioJler in 1949-1950 (un:Jublishod data). 
r·,il,l'"'~'T s+·<•--.+t.:~(l~ ,1"-;-:- +-.Jlri-·'1·~ c:;:::>T.u.'-IJlC.Q 01' sus·:Jec'Ged bre;_;dinu ..1.. ... I.J,y v•...<..L u\;.> ..J.j .vc_,.;,.r;., __ ..t. .... 0 •~u. ... .1: '-' .L o 

BotTd08l1 l6tll r::c:.~rch 2..l1Cl lOt~]. October, 1949 thG;y:- collected 

16. I ... 
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36 san}Jles oi~ mud from tho edge of a small w.:.ttol" cm.:r0e 

(I~ev:town sr)rt:.it) lo2riin.; into Dm.~ Accord da:Ll near Ondel"­

s t epo ort , from. a.roun.c.l the clc1:t::l i t.J 0lf' O..llcl from nu:u1erou3 

1'--tble 2. 
---..-~-.._...--

Species 

.. -----·-----~~----
~J2 rcn;~_-.s _?_~us 

C. cornutus 

C. nivosus 

C. schultzel 

C. disti1'ct:::.---------
.P~~!~~ 

C. ravus 

C. pa.LLidi­
pen.nis 

C. sir,_:U:i.s 

;Ju~i1L1c..r;I o£ CJJJ,ic oiY-9?--Gi~.:.ef"\-<il\:; from 

Qi.U~~-§_§}~P~?-,.L~:..£fl lTe·.,-~OVil,~ sDrui t;. 

43 

33 
56 
6 

15 

7 

2 

2 

3 
2 

43 

3 
4 

6 

----------·----
D;:_ite 

431 137 
b 2E 

29 20 

25 1Y 

20 19 

18 

273 

51 
9 

10 

2 

934 

123 
118 

6c. 

39 

37 

3 

2 

'l'otal 153 16 56 531 223 345 1,324 
--------~--------

The Table 

furtneT 

Fiedler used emergence traps. 

nurnbors. o.f 9.~- :P;LC?E_o_;:;_~_ic tus -;,rerc br~:Jedi:rl(; in no is t ii,round 

covor0d by short ;:r·c..~ss oE Ghe GcJ.storn sicie oi~ .Bo:n. Accord 

d.ain v:hen 23 adults -.:ora cau:_;ht in 23 -~r2i.J? ni;h-ts. On 

2 '7+-., 
1 ul:L cau;ht 

a lo<:~king c c:.:menc tlc;,m at 1 ':i~L;.alpla.ds " o 

uncler v1a.ter. Over 13 nishts from 24th :;:.;·elJruary to 

20t~l IEs.rcll very c;ooo_ ca-tches of' .9_$_",_?s.llidi~_:n.Yl:_is \lero 

IiLl.de, the c .::d;ch bein3 i:18 follo'.\S 

C ._I~=h_yoq;u~ ]_b 2 

C ~-~~;_sti_:q;.c~~-,)~p~.Jl?A 58 

c ~--i-:~:tcr~g-~~c_j_~~t~s 3 3 
24 

17. I ... 
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It is import6nt to note thdt only t~e tr~ps ~laced over 

sv1ami)Y kilct1yu grass-covered areas yielded. C. pallidi­

pennis. 

between 1963 ~nd 1965 but was never ~bl2 to trap more 

than tho odd e.clult of tr1i.s SJ.Jocies. 11hese odd specimens 

v;ere a.ls o r8c overed fT'om VGr~r moist :lre<:..\.s covered V{i th 

kikuyTL gra::.:;s and. fror.:J. the b<:~nks of che A pies Ri vor. 

fhe o·cher :Jj)Gcies 1-:J.Gntj_onec:L in 'i1 C~."ble 2 were ci.lso found 

although so ab-o.ndant in 1949. Every conceivablo breeJing 

si tG was invcstig:;,tod rc;.n2;ing l'roH Vc~rious types CJ.Ylcl ages 

of :1nanuro 9 algae in V/Ll. tor trov.ghs 1 c or.li_)OS t 9 ~rt;agn<.:1nt bogs ~ 

edges of rivers, lucorno fields? etc. 'l'hos o su.m:ples 

which yielded f-:iir ntuD.lJors of 2Ldul·cs ~Lro gi von in Cf.lable 3. 

Adults omer3:ocl from those sc:.mples over a lJOriod of from 

13 to 22 d~ys at ~ 75°F. 

It io a l11Yf~tory why C. pc.llic1J-pv~~l.~.12. v:rhich is so 

abunc..~2.nt in tho li:;ht; trap ( '1\ .. '.ole 7) c3.r.t.Y1ot bo found 

oreecli:;.1g in lc:.rgo nur~lbcrs in nuture. Jones (1961) has 

traps is often a rosult of low-density breeding ovor 

'::Chis ma.y Vi8ll be the.:; c o.s o with 

Evidence wc.1s forwe::.rded earlier that 

Co ;>s .. llid~_:ponnis mc.1y dovclo:p j_n much drior habit::::.ts than 

oxamin-::·~tion of sucL. sitos rnay cv..:;ntuall;~r reveal tho 

lJreoding lJl~~ce; of C ~-~l~J.i iJ.Sih""lis. 

(c) 11~ .. -C?l' __ :>·ct~ vi t;r.. 
Ketl.le (1962) rovieYJGd obocrv~tions throughout tho 

world on tho time of fliJ;ht of' Culicoides Sl)OCiijs Ltnd 

co:ncludod ~ 11 f:Ios t Culic oiclcs aro cre1Juscule;.r 9 showing 

great activity at Ja~m and dusk. Most crepuscular 

species 9 oxco1.rt Q~ __ _grahc:.~~1ij_ Austo11, continuo to be 

;_:_-;.cti ve throughout tho night, c.l though tho;sr :..1:L"G l2ss 

abundant o.ftor miclnj_ght, s.nd "Cl1oy c::.,lso bite duriJ:J.b tho 

d~i.y on calm~ dull do.ysn. 

I~oubon (1963) scudJrinb· ~-~X~ill1~~--~atus !}Ootg·hobuor 

in Scotland usod n. suctior. trap o,nd showed t~1oso midc:;es 

to bo o..c ~ivo throughout t}·:;_o cl-~<Y" lJut nost [~ctiv-J ~t r::.ii;ht ~ 

Kitaok~ ~ Morii (19642) com~~rod motoorologic~l 

conditions vli th light tr._LlJ ccttches of six J~:p.J.noso 

fho difforont s~0cics v~ried i~ 

th0j.r time of flight, somo boin~ more abur:..d.:.'..nt just ;:;;.ft\.Jr 

suns~ t :1.nd noc:~r su:::lriso, 'dhil.::; others v.rcrc i_)rcsent 

10. I ... 
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Sv . .rill~"lary of Culi c oides e:w.er~i:n.;· from mud .. _,.. __ ..___,.._ _______ ....... ~ ......... ..:-:::--...::::::~:~~~~~· ~----·- .. - .. --...----~---

~l})les ~rom Onllerstel)OOr~ are~_· 

;:)u:3pected 
breedi1.:.g 

site 

Mud from s~·='l'Y I --~ 
veld-grass : 
covered area ! ; 
near river l 74 i 200 

I 

! 
3 

! 
I 

I 
2 

! 
! 

I 
45 1 I 3 

I 
I-~ 

~ ! I . . I I I . 
I 1 I i 

+H
ill 

I 
i I I 

J I I 
l 

I 
I 
I 
l 
I 

; 

I 
I I 

~--____;.-- T 32 L Is ! 
! 

798 i 415 
i 

~Co tal 

·--·~-~---------·---

19. / 
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throughout tho Light. 

I • • -'--.,.. 

:J.ClJlVl u:y .. 

Ir .. So-u-th Airic.'.-~ C"L~J-ts;oiCb_'?~ ~~re:; s0ld.or.1 :..10ticod bicir.:.g 
-1·:::-L:l or· ·-·~-1·..; ,·n··,-Lc~ ,.:1Url· ~-.. , "'-' ··c'·h:--' a.~,-;-.-~<--;.,,~.-~ '"'"":.:: ''"1 i'i"'ol· +· (1044·) 
--- _,__ ~,-...J. ..Ll.~.~.. ...... ~.~_ ...:; \...L - --i.....) ..i.. - ........ ;; u ..... ~ ... ..._. ... ...v.l.\..A.. .l..Jli!.. J... u :J 

only noticucl thoi.r I)rcso:'lco ::.t Unclorstopoort on OJ!Gr-~cint; 

~.., suctioD-type J..~.zllt; "trc.::.p fo:c 0Lo first timo. The; timo 
of f'ligll"G ~ hm.Iovcr 1 u~::,S Ul1kno-vm. 

o.nc:Lly;Jis of t·vro-hourly c.~~tchos cJ:o.ring fiv2 nights in 

Jc:.nuo..ry~ 1963 :xb OndGr:Jt8:;_)ooT·t? ::~rc 0 ivol: in T:J".blo ~~. 

2-hot..lrly 
D~:~t .:;; 

j!Gri otl:3 
_ _,.....,.....,,_. ___ ~,._. ..... __ ........ ~ ............ -.~-.. - ....... ...-.. .•• ~~--~---~----. ~---·------"--·----~-- .............. ___ ,......_._.,..&._. ~ ~ ..... ,.., ___ ..... -.--. __..,..,., ___ _,. .... -""'""'"......._._ .............. -...........-,,_. __ ... ________ . -··-

5.1.63 LL 1. 63 17 •. 1.63 22.1.63 25.1.63 Mean 
·- "·""' ~-&<- ... 

-·-··- ______ ,..,..._ -- _______ _..,,.__._,..,._ ................. __ _._.,__,......_ ........ ·.- .......... ,....,..._ ........... ~_, .. .,. ....... --~ _______________ ._,,,__ ..... __._,_... 

;.~:.:upb~~-----·-?f .Q~i1,0~~ 

7 - 9 p.m. 605 281 747 1Y3 108 378.8 

9 - 11 3,873 183 7,819 3,509 43 3,085.4 
11 - 1 a.;"'l. 2,677 271 3,<164 4~391 318 2,3\.14.2 

1 - 3 7,693 5,930 1,739 5,566 1,745 4,534.6 

3 ... 5 1,658 6,533 706 4,337 2,272 3,101.2 

5 - 7 9 34 3 37 2j 21.6 

rr ;j ~:~~~. ~l~_} I9I!.~I-~':.~..2-3-X.9~ ~L~~-(Jl 
7 - 9 p.·:n. 22.8 24.7 28.6 30.0 24.7 26.1 

9 - 11 18.9 21.4 26.7 27.5 21.9 23.3 

11 - 1 a.m. 15.8 19.4 25.0 26.1 1.8.9 21.1 

1 - 3 13.6 18e6 23.6 25.8 18.9 20.1 

3 5 15.6 17.5 21.7 25.0 18.9 19.7 

5 - 7 17.8 17.5 20.6 24.4 18.9 1..9.8 
. __ .. _,__, ___ -···--·------· 

Mean Relative Humidit:t: C12er cent) 

7 - 9 p.m. 41.0 57-5 57.5 60.0 73·5 57-9 
9 - 11 53·5 70.0 70.5 76.) 89.5 72.0 

11 - 1 a.m. 65.0 77.0 79-l) 80.5 97.0 79.7 
1 - 3 75.0 78.5 82.5 77.0 96.0 e:n.e 
3 - 5 82.0 82.5 87.5 78.5 89.0 63.9 

5 - 7 79-5 80.5 85.5 79.5 81.5 81.3 

r)-' I '-u. . .. 
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.l~.l-: J~-l_i""~'U-0 ..L~":r +'1e ~<ur~ qe-•·q a+ , ' ,_, o~O - ~ .... _u. _; v_ ~ .. ~ v~ u i.lOOU""G (. ::)onlo and rises 
at about 5.25 a.m. This illeans that at least one hour of 

coHl})lete C:.;::;.rkness "V'rill rem2:in in the lJeriocl 7 to 9 l).m. 

bll. + ·t·ln;"1 + J.....: -1- "("'l.J....: 1'1 al :1 l ., . " . , r· n -
_u ~u u ~ ~ · :l."'8d-Ci.;)i' OG ..Llg'l1't oy J a.n. v3.Cches made 

during the first period (7 to 9 p.n.) may still be com­

pared. with later catc:~:-~es, hnc tllose botvmen 5 a:c1.d 7 a.m. 

must be ignored Culicoides in the _. ___ ..._ .. , ___ _ 
vicir=.ity of t~::.e tTa.J.J being accj_dentally :Juckeu ill b~ .. - the 

strong u:pdrauc_~ht. 

The _;_Jeak _period 

vras not c orrc1a C'3d ni 'Glt tcl~llJO:L' _L iJure or lrluili(!.itj.- but; 

a})i)ea::ced to be inf1ueEcod by so;.T;.e f_J,ctor not ne<-.1surod 

such as, wind 9 hec.:""vvy :::."'ain 9 etc. It IK10' be note-,;~ that 

-~8Illl_J8ra.turos ~4.Urinc, the ~_)8l'"'iOll of che Study- l''cLi.'lc:;ed fro:m. 

l3o6°C to J0 .. 0°C (5G .. 5°Ir to 86°F) and tLac .Q..u.-1-J.soJ-deE_ vlere 

~.{e1s, ti ve 

hUl.l1idity ::car:ged i'::co:-1 41.0 J!Or cent to 97.0 per ce:nt and 

cent ficv_re mentioned e~~n·lie:c. Hovreve::c ~ vrhen lov,r 

humility (50 

( ,., ,..., -.,re <-?L..·'JoCI) 
a~v v .. 

to 6C )er cent) a~J.d hig~1 cemiJeraturos 

occurreci si:oul"Cc:.;,neousl;y~ lovr ca:cches Here 

alway2 the result. 1:hesc coL.lLLtiOJ.lS ·Jcn·e four.:.'J_ ciuring 

the 7 to S _p ... ca.tch ,;:;erioc1 .. 

lT -'- ' . -, Cl ( I Q 1-::-, 1) ) 1 . r• C' · .. · Q ''{T' .;..\ .. 8 G \.t..L c: _[_.) v c;_ J..lc:::L.,:::; oJ.J.. v ~.1. 

there :rnay 'oo only OJ.lo or tv..-o t.::,erler::::Ltio:r:Ls in c:;. :/eaT '\I~liJ_e 

in ti1e cropic;;J adult .Q_~:..~_q_g)_Cl~?.f!. c2.n be j_Jreuent conGtclntly. 

In temperate climates a pecvk in i:lLLlllt nu:..~1bers .Pro·oabl~r 

l"GJ}re:Jen·cs ·i.J:o.e coml)lotion o:f c;J, ~ene:L',~:.tiorl Hhile Xe·~tle 

fourd l:ihcd; sed.sor:..al f]_·,_:wtua;cion~J ir1.. Gho 0l-.opict3 cou1C. ·be 

species concerned. 

exce1Jt t;lLtt frosts may occllr oetv1e·sn I.lay- aJ.'ld Au2;ust. 11lle 

averct~;e c~1.tc~1 :per :Llic:_:,llt on w~1ic:::.l tl:e lie-~:·;; tr::1J_) v,·.:.:~s 

~hcso roco~ds are cxprGssed in ~raph foTm 
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Month 

l June 1* 
2 

July 1 
2 

Aug. 1 
2 

Sept. 1 
2 

Oct. 1 
2 

Nov. 1 
2 

Dec. 1 
2 

Jan. 1 
2 

Feb. 1 
2 

March 1 
2 

April 1 
2 

May l 
2 

* 

Nights 

9 
10 

10 
12 

11 
11 

7 
10 

9 
10 

9 
10 

7 
7 

9 
12 

7 
7 

9 
8 

0 
8 

7 
7 

Table 5. 

- 21 -

Seasonal variation in light trap catches of Culieoides 

(expressed as catches per trap night). 

Onderstepoort 

1963-1964 Nights 1964-1965 Nights 1965-1966 

0 0 - 11 0 
7 7 0 11 0 

17 9 0 10 0 
8 12 0 11 0 

17 10 1 10 0 
121 11 22 12 76 

777 10 659 10 706 
968 11 519 11 1,400 

1,391 11 1,265 9 342 
2,719 8 144 10 1,214 

6,297 8 1,812 11 1,510 
1,620 8 1,899 9 2,117 

6,882 8 1,528 5 3,526 
3,642 8 1,085 10 3,769 

3,054 9 2,780 8 6,186 
3,637 10 30,063 8 1,912 

11,262 10 10,706 9 3,772 
15,089 9 13,762 8 9, 680 

16,176 11 17,796 10 12,290 
23,299 11 12,025 11 43,156 

- 10 3,527 9 9,050 
1,920 9 982 9 8,476 

2,050 9 2,654 10 5,733 
571 9 409 10 138 

Refers to first and second halves of month. 

Kaa1p1aas l 

i 

Nights 1965-1966 . 

- -
- -
- -- -
.. -- -
- -- -

- -- -
- -
5 424 

5 266 
4 111 

6 171 
5 197 

9 390 
9 2,154 

9 44~ 
11 1,320 

6 945 
10 4:26 

10 123 
9 56 

i 

22. I ... 
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Table 6. Weather records for Onderstepoort. 

June, 1963 - May, 1966. 

Mean Temperatures (°C) Rainfall (mm.) 

Month :Maximum Minimum 1963-1964 1964-1965 1965-1966 
1963-1964 1964-1965 1965-1966 1963-1964 1964-1965 1965-1966 

June 1* 19.8 21.9 18.4 0.7 1.0 1.8 34.0 0 0 
2 18.4 15.5 19.0 2.5 -3.7 0.8 19.0 0 0 

July 1 17.1 18.4 19.7 2.0 -2.1 0.4 10.5 0 0 
2 20.8 20.6 20.5 0 .. 5 -1.8 2.8 0 0 0 

Aug. 1 21.4 21.0 23.7 0.6 0.8 4.4 0 0 0 
2 25.1 24.8 25.3 2.4 5.7 7.5 0 0 1.5 

Sept. 1 27.4 25.9 26.9 6~8 7.7 5.7 u 13.0 0 
2 29.6 29.7 26.4 8,.8 10.7 9.6 0 0 2.5 

Oct. l 30.1 28.6 24.3 11.5 14.0 8.0 20.7 11.7 12.0 
2 27.2 24.3 30.5 12.9 14.2 10.2 27.6 137.5 1.2 

Nov. 1 28.6 30.0 27.3 14.4 15.7 14.3 82.6 28.5 60.2 
2 27.2 27.8 29.0 16.5 14.0 15.3 29.5 14.0 58.2 

Dec. 1 29.0 27.6 30.9 15.1 16.8 15.5 44.3 59.0 20.0 
2 32.2 26.1 32.4 131>6 14.9 16.2 0.7 106.0 40.7 

Jan. 1 29.7 28.4 34.7 15.3 16.7 17.8 103.0 62.5 10.0 
2 28.8 30.3 30.2 15.7 17.5 17.9 98.5 14.0 129.3 

Feb. l 30.4 31.4 26.4 15.9 17.6 17.4 36.5 55.0 86.7 
2 33.4 32.1 29.3 16.6 17.6 15.6 4.5 19.0 21.0 

March 1 32 .. 0 30.6 28.2 16.3 13.6 13.2 22.5 16 .. 0 37.1 
2 30.7 28.7 30.4 14.,8 15.5 13.4 2.5 16.5 0 

April 1 30.3 26.0 26.1 12.5 15.0 11.9 10.7 110.7 31.5 
2 24.0 22.0 23.4 7.1 10.0 7.7 0.9 7.0 0.4 

L 

May 1 22.7 23.6 25.0 4.2 7.9 8.0 4.0 0 13.5 
2 24.5 22.4 23.6 3.7 3.8 3.0 0 0 0 

Total rainfall 552.0 670.4 525.8 
-- ----- ----~ --·---------- ----

* Refers to first and second halves of month. 

23. I ... 
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Fro:w. Table 5 Cl.:rK':. Fi:sure 3 it can be seell that 

Culi_s_oide1?._ ad-;)_lts \itJre co1.1pletely absent Ol"' weT·e :r:;:cesent 

o:u.ly on a:n isolated nig::d:; from the bet:;ilillinG of June to 

tho niddle of .<iugiJ.s t. 1'heroa.fter c..:·cclles incl"'eas eel 

steaG.il;y G.ECc by the end of Se_p"Gember ·-c~1ey rea.cheQ about 

Janua:cy or l.l'ebruJ.ry 1 catclles fl"LlC"C-LlC.~to betweelJ. 1,000 ar ... d. 

3,8uO wj_tl1 an occasior1al rarJi(: increc..1se i:n"Go tile 6 1 000's 

as i:.""" 1TovoiJ.lber and Dece::.:n"ber, 1963 anc.l in J-<.1nua.ry ~ 196C a 

:During January or He lJrusry a ver-;y- sharp increase in 

nu~:1bers takes plZlce a:ncl tl.Lis J.1igh lJO}Julation is L:..ain­

to..ined for :~bout 2} months un·cil tl1e encl of Iv1arch or 

ArJril~ I:n 1964 o.nd l96G this rise in J:1Ui.1lbers took the 

form of a threef'olc.1 increa;Je ir1 catcil whicl1. continued 

to peaks of 23,299 ane.l 4-3,156 puli~J:.~e~ lJer niJ;ht 1 

rcGlJecti vely? four to six \V"Goks later. In 1965 ~ hovv-

eveT', a ~)eak of 30,063 v:as l'"'eu.ched iJ.m,wdia"tel~i vri t~l tr1e 

first sudder:_ increase ir2. c..:1tches hLrc c~1.tches oi' from 

10,000 to 17, 00C \'181"8 nai:::-.L"Cained fo::c tHO :..LO:..J.ths chore-

aftero Catci::.e:J gr_:,CJ..uc.ll;y- deoreaoo in AIJril ar.:.d Nay 

com5letoly absent. 

It would be us2ful -:; o knovr the .J..: vile o e 

as --c~-J.is vvould lsacl to a clearer -,) .. nc.ierst.J.llding ol' the 

ecoloc;y· of these L::.idc;es. Williams ( 1961) .L1aD studied 

·'cl1e e~ffcc c of -;_y:::;achcn coi~J.itions on tho acti·vity and. 

aht.l..L"ldunce of V2vricYGi.S in,suctfJ taken chiefl;y· in lisht 

t::ca.:ps o He s tc.:-rtecl c:hi:::: v1ork in 1933 and b~y- tl:t.e use of 

partial o..nd Elul ti})lo rec,rossions had ·been a ole to 

correlate catc~es with various cliB~tic fac·~ors ocpecially 
he ha.G fou:ncl i·c J;>OSDible also 

rai~fall u~ to throe months before the timev 

of st.::ttiotical correlu:cio:r: 1 ~lOV\reve::c, req_uireu :.-;.1et.:::.1y yea,:r."s 

of unbroke:::::. records e1ncl all c1iluatic factors ;JUCl.L dB 

r:J.iLf~:tll 1 temperatures, wi:nd. 1 cloudiness 1 etc. should be 

taken ir2."bo account. In ~is very comprehensive 1961 

p2.per l1e Eo-ted ths.t ~~"Ji th only 3 J82.rs data for three 

ses.sons cl1e ;:;.nalysi;J or the da-to. from ·i.Jhe suction trc1:.::J 

s our~dness of c o:crel~;;'cir.i.~ c2-tc.:1es witJ:1 va.rj_ous clima "Gic 

24. I 
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biology of t~'le insec-cs concor:::lecl zc.:L_d tile.se f-:..ctors c.~·e 

ur.:.lrnown. 

He does eventudlly ad~it, 

~-lovrever ~ chac ".2jven if :no casual rolatio:nshij_) u:rJ.c..i.e:clies 

the o lJ:J e:rved c orre 1a.ti ons -~l1ey- m:Lght still lJrove 

v~luab10 i;i en:::blj_n::.; ~~redic Gions to be ~ll:-.:cLe o:t -'c~.:.e level 

From the foreuoin~ discussion it is clear bhat t~ere 

rai~lall, especially since there are records for only 

·chree y·et.:.rs. 

car0ful visual oxanj_nd tio:n of the rocord0 does show certain 

In 1964 and 1965 no .Q.ll]j._s;oi_Q-..'?12. Yi"ere ·ccdr:en ·between 

ls 0 June and 1)-ch AlA.6Uat; c.tY.LU. ·chis can -be ass1uned to be 

Eowevcl· 9 in 1963 t~1e same 

t~Lo od(_l. Culic aides --·--..._. __ ...,___.___ .. -........-..-

1963 9 .i.lOi.reve:c 9 cliffered fl"O:Cl tl1o t\ .. :o fol1ov::ing years in 

tlJ.c.t i ·t; :had G 3. 5 :c:.n:;.. o:f l''<J.:2.n ·vrhj_lo no r(_),in fell d"L~_ring 

1, 000 .:::t.:r.·e t:._Jr8n l)Or n:L~ht -b~, the DG(jinnin.=; of October o 

~Chereaft er t er:l:JO:l.\), GUY'(:.:S are c o:..J.G i,:J t ontly high ( :cri.:..:imum 

t emper.;~tu:r'o a-oove 10 ° C) un·cil the first hcJ_f o_C .A.J.Jril 

for from 3"~~ to f'o-:.1r months. 

r~1)_ubor,s in tl1e second. lLllf of J·anua::L'Y o:c iE l:'o-brua:c;:/ 

can:aot thurei'o::L"G be cor:celacocL "·ri·c~l .:-::, sucLd.o;.:. chet.nge ir;_ 

t eml)GI\~~ture. 

thun a month. ji.:he size of -L;he i1:;.creuse can also be 

25. I ... 
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take::n l'or :u1o~c·e tl1a:1. 80 r2·illl. to be rec o:rclecl. Thus 

J2. 6 lillilo in tho first half' of Nov.:::HbGr, l96.3 led to a 

threefold incrsase in c~tc~ (11,262) in ·the fi~s~ half 

of l~'elJrU2-:I"Y? l9u4. A[_;a.in 137 o5 :.JJL1. in che second half 

of Occober~ l96L~ leLL to :.(,n oleve:afol~~ ii-:.c:r·ease (30,063) 

stct:rtecl at L;he bet;i:::1:nin2, of hovem.be:;:. ... , 1965 but onl;y 

e:z:c·::::o~.tod UO LTI!L ~:lu:cin.; t~J.e zecond lla.lf cf Hoveubcr loLL 

-to a. threefold inc:ce[~se in cutcl.:. (9,6<Jo) in the second 

In all cases, however, after 

abont eight Vieok.J, eiti1or dro:;:Jping a little \Illere the 

initial i:rlCl"Ga8e was very :nit:)l ( elevc:nfold.) as in l96r~­

l965, or increasing co:c .. si,~~erc;;,b]_y rr.i.1ere t:1e initial 

increase w::ts only- threefold. as in the otlj_er t-v'IO seaso:;.::.s o 

As can ·be seo1:.. fron Taole 6 a:;J.d Fisure 3, there is 

o:fton a six 1~10:;::th l.:,eriod of drou~ht oetYmen l6tl1 A)ril 

and 15th October. 

se::'cve to lJreak this ::i.rought and probcL1Jly re-establisi1 -che 

Subsequent r.=tins 

may tl1en I~laintJ..in tlleoe siteo i:a a suitable state f'oT' 

the almost cOiilj)luto ccssa;cio:n of J:'.lill uu·L;il the col:l dry 

conditions of V{inter are reu.cl1ed :~ncl larv,;;,1 develoj_JLlGnt 

cee:..1.se.J al:most com.:t;letely. 

The fact tl1a't; ·there is a delCJ.y oi chree lJ.011ti1s 

·between the 1'irut heavy rctins w]_J.icL 11robably initiate 

breedinG in ~ow breedins sites, ci~Q the emergence of the 

resul tins .:i.dul ts ~ su0t;o~.d:;s thc~·-c abolJ.t tin'ee ~~1ontho a:r'o 

required to c mnp1ete a cenerat;ion. in DUHlli.er (J?ig. 3). 

T:his period does not a:_;ree v1i tl::. the one ~~w:nth su3ses-ced 

eaTlier after a study of the life-cycle in the 

la bora·t ory. 

as to wl1y a ge:no:L·ation may t._~~ke three months i::.l ·che 

field hG.s been advancel bs Ih-· .. D. W g du I)looy-*. :tie 

laid here 1 ·Gho developEler.:.t of the ld:.S..'"'V2:te r;ill be 

interru:;rl;ec--:_ J_)erio;:~ically t~1eTet1ftor s:LLce the ~::n1rfctce 

lc_,";ye:t:·s oi' these .Ji te;;.:; 'dill dry out d1xrinG the dl'"'Y 

* technic a]_ A.ss i .. j ta::..rt ~ .L:at o~loloJ;;r S 8 c -~ion, 
26. I 
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of the SUlliiller rainfall. The larvae will then misTG.te 

to lower moist layer;__; where they ca:-:.1 survive 7 "'m1~ Hill 

surface l::~yers i:c. 'liihj_c~::. -to COllGin-c~8 t.L1eir develo:pi:lent $ 

In t~1is 1.-ray a ge::.lorJ.tion \L:t.ich ~:1ay be Co:tllJ.Jleted i:;::c one 

month 1-:.nde::c -'c~1e OJ.Jllimu:m c onU.i tions o::t the lGtboratory 

could easi1~T be e::;:.:·iJond.ed to ·chroe montl1s in the field. 

AE experinent .Jas cond-,.lc-Ged in t;he la-oord..-'cory to 

test if' desiccation follo\"re'-l lJ;:'/ 1~1ois-!Jening of tile larval 

Jlleclil)JJ.l c o:__-~lci delay larvc;•.l develOIJment. Tw·o six i:c1ch 

cliametel~ Cl-:188 di;Jh8~3 tllree inches dee}J 1 v;ere U88d. 

Thousc:;.ncls of ec;gs wGre e:1ddecl to t:1e larval meclit.:t.m in 

each dish. 1'he dishes ._-Ie::t.:·e lef't open ill a sn1all vra:cm 

room at 80°1;1
• 'lihe one dish acted aD cox:_trol and vv<::Ls 

kel)t moist~ wl1ile the :taediluf.l in ~he second. disl2. -.,vas 

allowed bo dry out. Before the medium was com~letely 

dry on the surface~ adults started to emergeo 

coEtinued to ener;e froB the llth to tl1e 18th day- after 

Vihich the surface of the Ineclium Y.ras ver~.r dry and IlO 

further emerc;ence took plsce. 

allov:red to d.ry out still furthGl" for four ua:srs until 

the mecli1.un. formed a clod vvhich could lJe removed. froa 

the dish c~nd broJcen into lJieces which vrere dry, except 

:for a slj_c;ht amount of mois turc; in che cent:-.:·e. 

\:rater vias G.d.cled to this d.ry mediur.n <.:1ncl IlO purJae 

were ;:;een to loosen ·chemse1ve:3 ±'rom ·t;he substrate or to 

float to the surface. 

period -vrau si:tlilar to tho OTiginc.Ll :period for clevelOlJment 

to the adul~ stage noticed earlier in the ex~eriment. 

Fro:GJ. this exlx:rir1lent it may be concluded thc1t Culic_£ilL~.§. 

clevelolJment lilay 1Je delayed 011 desiccation of' ·che breeding 

r.1edium ancL tll2..t develOlJment vrill be resumed on the 

IJ.edium receiving sufiicienc Eloisture. Yfnether this 

delay takes ~l~ce in the e~g or the lar~al st~ge, or 

perhaps both stages, has still to be j)roved. 

i1.lternatively it has been su_;ges-~ecl by 

PJ:'of. R.M:. du ·.roi t (:personal co:uu:.lunication) thG.t a 

generation E1a;y v:ell be c01111>leted in one L1ontll but that 

the sUim11er breeding oi tes \till only start to becoiJ.e 

re-eabablishod after sufficient r~in has fallen during 

the eJ.rl;y IJart of the season to restore the moisture 

level in the soil af'ter t!J.e ·.7iEtor drought. lie arsues 

t;ha"t the ec...Tly sU.::,Lc.ler rE'-Yins of' October or Novor:aber are 

not stlf.J..icien-'c to restore the J.X.:ul.-.Clled G"UI:.ll.ler b:t~eeding 

27 • ;1 
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sites to the necessary moisture level fo~ larval 

surviva1e 

Evidence for t~1is c1T2,l..Ullent is -~~le fac ·t l:;l1at ~he 

sharp increase in c~tches ~ay ~lso ba co~related with 

very heavy rains one month ec~rlier ( E'iG. 3) o Fol" 

examlJle t1.:.e catch of' 11,262 iL ·i:Jhe firs G half of 

}ilelJrUJ..ry, 1964 fo11o·.:eci 3- rc1il1i'(..tl:::_ oi' 103.0 L1ill., in the 

first hal:f of JaJ.TlL_.,ry. ;3i:clilarly in 1965 a ca:cch of 

30,063 in the second half of Jcllll::.s,ry follovied. a raini"s.ll 

of 106.0 2J.m. ire. the second hali' of Decem.-oer, 1964 alld in 

1966 a catch of 9 ~ 680 in the Gee ond l.:.alf of :B'e bruc:~ry 

fol1ov-rec1 2 ra,iLfc.1-11 of 129.3 Lliil. in the second h:J-lf of 

January. T2-J.u;.:; l1ea.vy r:::t.ino in t:ne 111iddle of su . .L.J.aer 

following on ·che earlier li3hte1 ... rains could perh<J.j_JS be 

the explanation for the sudden increase i~ catches one 

month later. 

one mo:::lth in. the 1:.1bor~_t;c:rJ)- 8.ls o lend;:.;; Yrei_;Lt ~o this 

observationo 

Arrother explan~tion foT the Gharp inc~ease in catches 

c oulc~ be ·(;he f oll o··.rinc; ~ i'he heavy rains ono nonth before 

the incredsed c~tch e~ch year~ ~rin~ about a dro~ in the 

catch during tho peTioci thu. t che I'CJ.ins aro fallin0 , i.e. 

there is a direct aJverse effect of rainfall upon catch 

(Fig. 3). Larvae ir.:. J:)ermEtnent ·breedine:; sites may 1 under 

these conditions c~elay develo:pr.tlG:rlt ·co the l)U:pal stage 

S imul t ane ous l;y 

continues. 

"been J.j_ngering in fc:~irly d::c~r sites ancl for which heavy 

J.."ains .ns~ve now mao.e it possible L;o corJ.lJlete ·[:;heir deve1o 1J-

nento I·~~lus a combin.::;;cion o:r factor3 Llay brine about a 

~~lass oraergonce oJJ.ce ·[:;he lJl'eeclinc.:; sites have dried out 

'ihe value of the a:bove t~~-eOl"ies ~ hm·.rever, c~L- only be 

judged after :.lccurG.te stu;:IierJ ~-~ave beer.~. ::Eade oi' the life-

T'his \lilJ. not be easy 

since h_.J.?_a1liC.i.:penni:J is the main S}Jecies concerlJ.ed anCL 

its breedint; ;:Jites l::.~-~ve so far j_)roveJ. e:z:treJ:nely dif.icult 

to locc~te o 

As cc.t-n ;::>e seen in ·1\::tble 5, light trap cat;cheo at 

"Kaa1pl~:~~s" 1vver·e onl;:/ a fr:.::~c·cion of the Onuer..::,·ce:)oort 

ca·cches. ·l1his could be c~ue to the f'a.ct tl1a c tl".to ~;Kaal-

:)lajsii li~~1-c tr~} VID .. G not situace\l :i.l8c.i.:C i1i;;J.::. COlJ.centra­

tions o:t animals as in the cc:~se of che Onderste:poo:ct 

20 o / " • a 
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in the Ondcrute~oort tr~~ ~~y be correlated with its 

close proxi~~li t.;y to ""n O:_Jen stable of ,.~6 l1orso:3 s.nd mules 

\iliile a siBilar tr~p only 50 yards fro@ this ~osition 

cauG'ht an avcl--J.()·e 

t~'le s (J.llle s e;;.:;.s on. 

of I ~ -ci:lre e -GiiilGS fev:er C\1-)-~coicle~ cluring 

I:,:-1 fa.c·c it has recently 1J8Gll obseTved 

srna.ller tha:c. t!l·JGe ma.clo uurine; tile '.leek? since the lm_;Lles 

couli be that the tra~ is furt~er from brecdia~ cites or 

the:rc l)revailing Yfinds 9 Ol"' so:;Le local f2.c 0u:c d.o iJ.Ot favour 

Eo\'levor, it y;as O_;~' interest ·co note ·ci1s.t 

l_)eriod. "Xaal}Jla:.:ts" catches did Ciiffe1 ... in t:L1at ca tchos 

for the fir;::.:t half oi' I'.Iarcj:l, ~966 were lovl (.?.lld the 

largust nv .. :rnber of .9-.::t?.:.:licoidos viero tdken in the second 

lw.lf of Febru'--~r:-{ anu Eot in tl1o second }::.c.lf of T.iarch as 

-.rou1d ·be exrJec-tod ~i'rom the O:l.cder>:r~elJOor·t c3.tches o 

r.=axililULl :::lU::lbers of' the '-.!..j_:('fe::coEt Cu1is;_g_i_d:_es Sj)8Cies 

a.re not IlecesrJ_::.,J.."'il;y- fo·J.nd 0..t the sane -cii;.le of t~1e year .. 

Nishijir;l(;;, ZC Ono (1963) sl~o\.Tec:L thj_;,:> vury cloarly in their 

stuJy on the soasonal prevalence of Goven Ja~anese 

three :::.;pecios sho':rilJ.G one )ea.};: of abur.i.G..a.:c.ce 

rrhi1o 

temJ;rted to conclude t~:L~·c t:LJ_e numbeT of l)eaks repre;:;ent 

the nllinber of genora;cio:::1s, 

Kettle (19)0) 
bu-G th:Ls l. c: 

w pro"bL::tbly only 

de·cailed Dtudy.. Kettle concJ_-ctC .. ed that t~te biD.1odal , 
di:TcributioE coulcl noc be a.ccountod ::Cor b;y clii~w;0ic 

was bi vol tine. Hesults of s i.::.dlar o -~-~.1dies at 0}.-.i.d.er-

Table 7 and in c;r: .. ph foru in l'~i~ure 4. In ~..i.is cuss i:'lg 

tl-:;.ose results it is most EecessaTy to bear i11 :::J.ind sone 

Vfhen otud;:/ing tl1e }n·eva.lence of the six most 

abu:-.;.dan-G s:pecies l.lreaent s.t On,1erstGlJOO:rt (l;1 i.:_;. 4, sclic1 

lines) it Cc'..:Cl ·be c13~:.r=L:.>' De en -c}b.t 9. ~JE!:l_liC_i.J!~l.!I.J).§. and 

29. / ••• 
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Month 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March 

April 

May 

Ter cent 
Females 

Table 7. 

* No. of Trap nights 

O.P. 6 
K.P. -

O.P. 11 
K.P. -
O.P. 7 
K.P. -
O.P. 11 
K.P. 7 

O.P. 6 
K.P. 5 

O.P. 8 
K.P. 8 

O.P. 9 
K.P. 14 

O.P. 9 
K.P. 13 

O.P. 7 
K.P. 5 

O.P. 5 
K.P. 5 

O.P. 
K.P. 

~-----------~-

* 
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Seasonal variation in Culicoides species at Onderstepoort 

and "Kaa1plaas". August, 1965- May, 1966. 

(expressed as average catch per trap night). 

Species 
-

C. Eal. C. }2;yc. c. dist. C. niv. C. soh. 

133.7 6.0 6.2 4.0 0.2 
- - - - -
852.5 25.3 12.9 4.5 1.1 
- - - - -
957.2 43.0 11.9 19.3 18.4 
- - - - -

1,088.3 54.9 48.1 39.9 6.7 
117.9 103.7 52.1 48.7 0.3 

1,191.0 102.3 331.1 201.1 14.7 
47.4 36.6 29.2 8.2 0.2 

3,740.9 47.3 83.5 54.0 86.8 
83.6 13.0 16.1 12.3 3.6 

5,557.1 175.8 257.8 99.3 376.2 
770.7 43.0 70.3 27.0 41.5 

32,213.0 29.4 380.7 11.1 401.5 
576.7 28.5 59.2 7.7 20.3 

9,971.1 107.9 195.7 23.4 109.0 
1,011.0 211.2 236.4 17.0 26.2 

4,267.6 46.6 40.4 12.2 9.0 
34.8 34.6 26.2 2.6 0.8 

99.2 88.9 88.0 91.2 92.8 

97.3 75.5 65.0 73.9 82.1 
------ . 

O.P. = Onderstepoort. 
K.P. = "Kaalp1aas''. 

Per cent 

c. mil. 
c. Eal. 

0.3 88.9 
--

1.5 95.0 
- -
0.9 91.1 
- -
3.7 87.7 
0 36.5 

0.8 64.7 
0 39.0 

o.8 93.2 
0 65.0 

I 

5.0 85.9 
0 80.9 

21.1 97.4 
0 83.3 

15.3 95.7 
0 67.3 

14.0 97.2 
0 35.2 

99.8 

-

3o. I ... 
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out catcl:e.:; \Ier·3 too s::~1all to ;.,.·ar_.~:i.Ylt flu'""·tiher stuJ.y-. 

C • d._=!-_~~~~.I~Ji)2~-~~.tis 2-r.:.d_ C • 11:_~ vosus all . shovi·eci. a:r1 ear1;y­

peo.:r ill .Jecer:.:.'ber ,:.,ncl o:::.e or t\'lO ..:,c'l~~itional j_)8ctks bet·vree:n 

c:.dvo..nc8d to ex:plo.in tL.e sudden incre..1se in Cl-:lic oideo 
....---· -...-;;-. . ..,..,.....,... .. .....-. -~ .. ......_~--·"-" 

n1.;s:1be::cs in January or Fe lJrV .. itry-. s=·11o s G tho ori e:a Lm.s t 

al.Jo ::.~p:;_Jl:y- to .c • _ _.r:~:-~l;Li_cli1?.QI~·-l:...iJ:~ 2ince S'.2 can be seen froxn 

the lo..s -c c oJ.:w:.1n of 1'.:;., ble 7, .9_~-- ·..Jall_idiJ.?_~J~:l_;l_~ ~l'1a;;r ac c ou:at 

of C. schultze=L ·~~L:J '.7ei1., _. ..... ________ , __________ . ....__._ 

earlier peak of abunQance in December as well as later 

"oro od.in;:_; ~ t~~es o conditions ~jxpare:nb1y being l):res ent 

~hrol~C;llol.rt flos c of tho SlllD.:u.e:r. 

lJeen shovrr1 ea:rl=Ler \;hen c.lj_scussing breedi:n~~ oi tes 1 H~~cere 

o:yecieo o l'heoe breed.ir.:.c site::.; do l-:;.ot U.e}}Oild on rainf..;~11 

:Jites 7 or govern iJ.·:.. 801:~1.0 \'lQ.:f cho c:tbu:c.clance ol t}lese 

Si)OCies • 

'.the 11 Xa.~~lj_)l8.GvS 11 ligl'_:_-G t:r·c.Lp \:·:.:.s sii:iuJ.·cod c.:.,-oo·j.;~t four 

miles Jron ·0he ·cr~t) at O~:cLel--..Jte_:)oort. 'l'i1e .J83.ks of 

simiiar timos. 

t~:1e 'broken lines. 

at i;he eJ.1d of }'e iJru8..ry and Aj_JriJ_, out aiLe G t~--G CcJ:cc.n. 

1.rhe curve for _Q_~. ~g__c:~.;.~_:_~~§l_=h u~lOVVG(l :.;;t s i::ililar ten<J.onc~r. 

l'lle ot~~1Gr t:.~ree ;s_;)ecios :had an e~.:.Tly _pedk of ahu.ndance 

31. / 
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ecology of the v~rious species. }llron :Figure 4 it ca.:;.: 

c om~)are rec:.s onabl:/ wit~l -cl~os o taker.~. a-t Onder;_.) ··ceJ_)oor·c so 

th:J, t it is }_)OSSi blc to plot ·L;:i.l8i:c~ 011 che 8£:LD8 SCd.le Of 

The n"L-D1lb.:;:rs o.f C. -Js::...lii.J.i·oer.,.:ais take:;.1 at ___ ...,. __ ·-·-··~ ··--·· ··-
nKa&lpla::.,s 11

" 

O:aderstel_)OO:L"t cacc~-,:. o:f' thi.s s:oecies. 'l1lle 3110r1.J.OUS 

nu:tabcrs of .Q_.!-~¥li~Sl_i.:f?..?:tll.~t-~- in t:'ao Ollclerstej)Oor·c t:rcLlJ 

therefore c:ccountD fo::c tho very no-ciceable G.iffercnJ.ces 

in 1Jhe :3ize oE ·!-l' .··~ 
lJ..l.iV CdtCl~lGS i'rom the This 

reasons. 'l'he firs c is tha. t the GnJe::c·s ·0e~)oort tr.J..p 1.1u,y 

be situated no~r very larce breedin3 sites of c •. Qall~di­
·,JeJ2?:~E. \7hile the "lCet.alglac~o 11 'ti:'al) 111a~r be c.;LJ.~llOS c out of' 

the f'li~llt r.J.nGc~ of' ::1id68S fron t~lGG e sites Y or the 

.fe\:r small local breedin~ SllJes. 

around ·t}::.e On•=l.ersto:Joort~ t:L"'J.}J i:.J Hell ill"L-Eli:nJ.tod. at 

i1igh-L; tlTL:.S J;n·ov:Ldin.z tl1e initi~~~l a G (.;r,~~c tio:n to this ax·oa. 
11 I~a0..l:pla:~::s n on ··lille · ot}1or ~"-.:-.::1.d is ~1lr.~os c comJ)1o·cel~l in 

'l'hir<lly .u.J<:)l c O:tlc ::;:c.Lt:c:.:ci o:ns o:f stock <.::Lre 

in ti1e veld • 
ITGo1·)oort ·tJ::n:~p 10 yardfJ frm:t u.E o:;:)G:J:J. ;::d;able housin~ 

46 1nules G.E<l :iJ:or;Jo:J .... E'..JI be ~;.::1.::ctic·LlJ .. c..::'1~r att:r'.~c·L;ive to 

HerG it is ir~erosting to refer to 

a study made by Kita.oka (, I.Io::c·ii (l964b) o:;:l tile co:tilJ.Josicion 

Of liJ;llt trd.:p CC1."~Ch8.S in j_JOUlt:cy il.OUS 83 d.ll.U COW s:nacls e 

They fou:acl .9_! ____ ar_~kf?-:.v·.{_fl.£ (T;Iatour~1ura) to a.ccou::1t for 

G8.9 :Jer ce::.1c of the 9..JZ:.li_g_?_ides o)ouies t:l.kcn in poulGl"'JI 

houocs ouc thio specie;3 lJJ.C:le U}J only l? .. 5 per cent of the 

c~tc~ from cov sheds. 

sheds was never t_J,ken in poultry houses. 

The YJri t er has in fact 

recently observed a uc.:.rkcd re6_uction in the nUiilber of 

over tho v;eekoncl. 

se,:::,son • 

.Li.~):ril tha:t Q. l)allij.j_J?_ei~_;?:._~_s_ ~~cc oun·cecl fo:c r:wre -Ghe<.::J. 

32 • I • • e 
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40 per cent of tl1.e c2"tch, the mc~xinuu beillg 83.3 l)er 

At OnQerstepoort~ ~owever 1 
C. J_Jallidi]JE;,IBis <J.cc ounteJ. for aol"'e thJ.n 85 lJer c en-~ 

of t~·.:.e catcl~ i:rl all 1.1onths except Decej!J.iJer when lar~;;e 

64.7 ~)er c en·c. 

E-:et·t1e (1962) vYhe:_::_ rev]_eviing the uGe of' lie;ht ·t;raps 

for su .. m:plin[, C~l_~C2_?_~cl~~- l)O)U1::ltio:t'ls no"tc:;J. ·(jll_,xl:; the ~Jer­

centar:;e dales is often loY/ inclicati:ag ch;;_~ c aales clisperse 

less widely or triat ·they are shorter lived. If tho 

former theory is correct the:Ll cJ.tcL.es with a hit.)l :per-

two lines of ~table 7 shovv- ·i.Jhe j_)ercentaJ/; fe:u1ales of each 

species taken in i:;he tuo tra:;)S. More than 99 per cent 

of C ·~ .J?..allidi~.l~=l-s c~nd .Q_!~li!.~l-llei ccruc,ht in the Onder­

steJ:JOort tr .. :::.}J consi:.Tcod of fe:males, irldica.tinc r)erha:ps 

that their l>reoC:.inc; si<;es Y/ere soEw dis·cc~nce away. 

Catches of' the other four S}Jocies vvere l'11a0.e up of from 

88 to 92.8 per cent females, whic:£1 althou:.;h high couJ_d 

indicate t:i:J.ac como broedinc; sites ro..1. -Gl.J.ese SlJecies vrould 

lJe found nearby .. JJ:r·oeding c::i_tes of these Sl)Gcies l1c~ve 

tra1J. At 11 Kac.l.l:plac::i.s 11 Y.-!.-i?.~J.:-l=L~~~.§I£~is c a.tchos again 

c onsistod cl1iefly of i'enc..le.s ( 97.3 J..)er cent) su~gesting 

again that breeding sites are fairly Qistant. 

±'our s:pecies 9 hOVlGVer, llCV.l from 65 to 82 ol :._)8l" cent 

fcnuales oo c:1a.t breedinG :::Jite.J of these s:pocies are 

~~obably not very far from tbo trap site. 

4. S1J1;J.1A:i.TL ANJJ ccr-:,:cLUSIONS 

They v1ere tl1e 

life-cycle in t;he la.bortJ. tory, breeding si teG, lJ.Ol,U ... s of , 

u.ctivit;;- 1 seasonal vari:..:.tion in abunda:;:lce and i·cs 

correlation with wea;tl'J_er9 a.:1c_ seaiJO:L1al varicltio:.l in 

a bunclo..Y:Lc e of five s :poe i es. l:.Iost of ·these st"L~~clies 

cleiJenJ.oc1 U}.JOll tho use of sue tion-t;ype li,sl1t traps. 

the im1ature stages (Part II). 

.53. I 
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C. ·)alli~~-i,:)el_:d~.:L~-' C. __ :?_.L,9nO;;:d;ic~~]:l3, C ~·-· di;:;-Gi:ac-~~..= 

~X~-' Q_. _ _!'j..Y_q_~9 h . ....:~9~11:~~cze:h_~ ;;_~ I2iJ_nei ~ 
C. bedfordi. -.----- .--.-..---_,__. 

average lJGTiocl fro::1 e3g to e;;c; 'beinG 2) days. 

Tl:e ore tic ally t~1eref ore 1 a _senel-'iJ.ti o::.1. c a.r1 ·oe c or-L.L)l8 te-2. 

in 25 dc.::~:-,rs c:.t 7C to 75°F. ~t;:J.e lllL.t.be:J.." of e..;,<SS :per 

Desic-

catio:n beloYT 100 peT cent R.l-l. killed :most ee;c;s but a. 

be surviv3d in the egg stage. 

submerged c1nd ls.rvu.o survived irJL1ersion f'o:c more than 

six days indics.:cins that i::.lundo.·t;ion w:_;uld a:pp:n·en-cl;yr 

not adversely affect these st~ceso 

excep·c C. J.l~]J.id:1IJ.0~:£~~ 9 flo-~~ted. to t;hc Sllri'2.ce on being 

i~aersed in w~ter with no adverse effects upon ~~alt 

.,., . ·- ' ,- 5 °C 1.., 1 t - " .D.::;c:s s ·c O:L'eci. aT; o • a ..L 11a -C.i.lea. 

after seven days otora~o. Thereafter viability 

is thus unlikely to cs.ko :Jl<::~c e i:~l this s tc.~Ge. 

l)eriocls not; being tes G36.. 

larvae collected in thG fie1c:L i:n the J.nidC:~le of' ·vv-i:nter. 

Overnj_nter:Lnc; ccn there=foro -tako _;_;l_:_:.ce in tho la.rva.l 

stage. 

s_)ecies. CulicoiJes l~rvcle aro ~robably carnivorous 

and 9 .. milne_:b_ a.nu C ~ l}.i\:_q_~ 'Vvero seen to be 
c;:.nni balis -~ic. 

entire l~rv~l stage. At~on~ts ab eut~blishin~ a 

labor~tory colony of Cn.llic oid..es -----..... - ... -...... ---.~~...-..- --~ 
since 

l:::~borc:;cor;y·-reo.roc1. aduJ.·cs vvouJ...cl not El':lte or· take a 

bloo<l-mectl. 

DJ...". ll .IVI. du J:oit and .. D::c. 0. U .L. f.'ieC .. ler i::..~ 1949 -
1950, foEnd C. 12._G.llicli.J?_e.~rr-:_i._£ Lr.ceedinG i:n b~l:r'oe sites, 

c~ll of vrhich vmre l..lOisc kikuyu Gra.ss-cov~red . .J.:L'eas. 

311-. I ... 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



- 34 -

de~en~i~C on prev~ilin~ wea·thor conditionso 

of lJoor cc-.;.tches bcdiWGGYl 7 l).Tilo and 9 IJ.n. could. bo 

A stucly of the seasOY.Ld.:; __ v~:.riation i:n. abu:;.J.(~a:tJ.ce of 

Cul_icoideJ:?_ mid2.es ·,;<:i.B co::1c1uc"C3(~ over .~'v lJeriocl Ol three 

yoarse 

role. 

develormwnt so that feY\i or 110 adv..lt:~:; \'fere caug~l t in 

JuEe ? Ju1y o.,nd G2le t·ir,:.; t :l.d-ll ol' Au~_)J.s t. ~:c'~infall 

September and hl~y. Eac~ year d su~den t~reofold to 

olc;venfold inc:r·e.J,;Je in catcL Vh.:~u recorded in J:.:·.nuar:>:· or 

l~'ebruary. :ii~.~.ree lJossi blo expldn:::tcio:ns ar·o t3YlctGred o 

month earli:Jr. 

vation tl~~t ~ generation illay be comfletod in one montl1. 
'I1he t~1ird oxr)lanation is a c ombinc:::,-~ion of ·che first tvro 

but takos into account tho olx;e::cvo.cion l;hu.t catcl1es alvva.;:n::; 

dro:;;; durin._~ the J:)eriocl. of' b.oav:;'" SUEL.ler rai:d'all ~ one 

mont~ prior ~o the sharp increaseo 

of Culic ois.e3 
-~------

larv3.e and t~1e (_n;(b.soque:rlt sharp inor ;C:L;Je in catcheo one 

month later. 

oi' ·chG s CJd,s on:-],1 vc.:~-riati on in f'j_ve Culic oideo 
... --.-...-.··----... -- .... ---·--

between Februar;:/ c.;.nd April o 

35. / ... 
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c..::..tch, tLe same theories i'orv/2-::cU.eci e<.trlier ca.n be used 

to exl;lain its s. oun\ianc e ac c ertaiL ti:w_es oi' -che ~reo.r. 

'l1he other species are a:iJ:pare::J.Cl~y- not so d.e:r:->enuo:at upon 

ra.infall. 

tendencies in catches l/ctt C !-.J22.llidi_:Je:;.~~is accm_:uyi;ed 

for 1ess than 40 J)'Jl"' cenc of tL.G cc:.tcll uei'oro January. 

One ex:;)la:;.1a.tio::1 for· t;:e :1ig:i1 gerc .:;nt .::~c:;e C !-..J2.~llidi 1JGJ.1r.!.is 

-caken in t~1e Onc~GrG te];jOol ... t -Gr.:tp 1 -vras it~J _._.,l'"'Oxi~_:ci t;y- to 

an ope11. rmA.lo stc.bl-3 ·.-.rhic~1 serveci ·t;c ooncontr~te tlliB 

species in this area. 

------ OoO -----

JG. / 
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rel2~tively unkno 7.-ln c:;-:ce_,_:.fc ·;7l1er2 chey aro resj_)onsible fo:-{' 

<=.irec ·c annoyc."':.nc G or J.c::n::J.G.c;e to nan ~lncl his e:nvironnent. 

Culicoides 

irrqJor G<.1nc e as 0:-csnsrai t ters o=~- v.:1ri ou:J dj_s oa.s e organisl~ls 

Has x·ec OGnized. 

been ignored. OnlJ,' witL:. c:1e change i:Ll G1llj_Jhasis fron the 

taxonomy of adult trans~Ii tt er 7 to a study of' i·cs 

biology and ecology, has atten~ion been focussed on the 

Reco8nition of these stages 

Eill ( 194 7) mc~c~o a ·choroug]:1 0urvey of t;he li te:r: .:~turo 

SJ)OCios anci five on Buro1Jean SI)ecios. l:Ll 1952 Kettle 

lJOsition in Africa? l.i.VJever, ..L:'_; thSJ;c c.p.J..::r:t from ·tlle 

Coast in 1920 ~ anc\. ~hat of De Meillon (1936 1 ~LS37) in 

So-cLt~l Africa~ no cc.::ceful syutmlla.·cic \/ork h:;,o 'been clone o:c1 

the i~_,_u:~laturG s·c;J.c;as of C"t_llj-:_C:_£i':L~~ in the Bt.i.1iopian 

rec;iono 

of che pt:Lpae of seven Culicoides S~i\)Cies, viz. 

C Q sc~.1ul tzei C. accraensis C .. orioC:l.en(}.TOI ... i and 
-~---~-~-~ ~"-" -~-----' ---------e~---•->-----·-·•-
.9 o nif;-J-'"'i2~J:~li~ 7 and C:J.e~3 cri ·oed t=:J.e larvae oi' the J.s.a t 

four of thesG species. they -~·>ero t~~1o firs c \.orkers tu 

identification. Of. -t.-lo speci8s :..·~cntioncd o:bove, o:...1.l;:;r 

Co clarkoi 

f::con Sout1.:. Africa. i 1l:1e only oti1e1' vtorl;: on tll·8 

th-::. t o :L· :Je J:--~8 ill m:.L ( 19 3 6) • 

37.. / •• 0 
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Fiedler (1951) has sbovm 

that these are s;ynonyllls for .9~ }J:[C])-OG -~::..ctus so tha.t 

De ~:.fi:oillOlJ.' s tv:o ru:po.l descri_;y~ions l.>efer to the s::E'll8 

species. Tl1.ese were Cle:~_;cri "be:;d frow siJ.l~·le Sj_)ecimons 

a.nd differ corrsidol".aoly, es~Jocially in ·che features o~f 

the protho:r·acic horn G.l"ld caudal sot;I1GlJ..t. In 1937 
De I.Ieillon d2::..;cri bed .Q_~.~c._9rnutu~ 1 ~- e:c..;~~0-XJ.dei aad 

C e n_t_V~J- J_)UpctO ~ lJUt the desc:~c·i::=Jtions anQ clravri2.1.gs are 

inadequate to :i)ermi t a ·t.horou.:_,h cm~l:i)arison. 

It is ti1e pul"lJOSo o~ tho folloHing invosti(;ation 

to make a thoroug};. DlOTJ.):J.oloJ'j.cc..l stucly of fourtil· ir .. s-GD..l" 

larva3 arH~ of pupae, 1k1..yine; j_)Q.rticular a;tt;en ~ion to 

certain DOr};holo~ic.:.ul charactcr.J which other workel"S ~lave 

foun . .:l to be o..C Vdluo 1 but c.~t tho GC1lllG time ·co investi{.;a-Go 

j_Jossi blo YlO\r c~:lar,_~c curs 1 L:.nd to construct c1 tont2vcive 

key for the ic1entif'ication cf the o:;)ocicu stndied. lfhis 

vtorl:: \?ill lJ..Oj)Gf1J .. ll~r form a bs,sis for future studios and 

the eventuc::.l constrLlction of a ke:.r f'o..:." tho ic:le1:ttific<:1tion 

of the imlilCJ,ture stc.~os of' all C"ll_licoid_~s species in 

Soutb . .~.~frica. 

I'or tho;Je studio:::; tho v~-ritor '.7as ablo to rear fo-,x:cth 

C. schultzoi Co milnei 
-~~--------~--~'I ---·-·· ---·---' 

C • ill.-=."1_G.'t12:-E_ and C !.. }~ e <l :f o F.f i ; 

species OXCGl!"t .c .. _ nL~£~S£· 
cl-nd pupae of all 'G~J.es e 

(a) S ourc o of:J,1a teria).__f~C?~: ~s.:~}'!-..~X. 

nearly all 0he materia,l stucLiecl vrol"G tho latJOratory­

rearod IJrogony of a nu~2:bcr of femL1lcs id.e:::J.-GiJiJd ~l"ior to 

ogg laying. This procedure has teen fully describa~ in 

Part I since this met~od also allowed a clooe study of 

t:.Le lii'o-c;ycle of the SJ:Jocieo concerned. 

In Ol"clGr -Go obt .. :1in fourth ins-car larva_e s1.nd I)Uj_)ac 1 

the rearir:g media were c1osoly obse:rvocl and v;l::.on the firct 

adu .. lts emerged alJ .. larv....;.e ~Lnd :pupae ·'...-ero collectoc~ by tile 

ma<Snesium sullJ:i::.o..te flotation method. desCJ.."i bocl in Pa:rt I. 

These \/ere tl1en killed in hot 'i/I:=!.ter and preserved i'or 

s tuc~y in 70% e ·cl::.;y-l ale ohol. 

ii.nother mo~1ns of o btaini::.1c w.a to rial is b,y field 

c ollc;ction of larva.e and :)u:;_x::.o. Fairly Gt.ccurate lal"va.l 

ide::.'ltifica:ciorJ. i.:; l)O;~;si ble if c:.;;, }.Jro:;_..Jor-cion of tlJ.G larv~e 

3D. I 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



- 33 -

c:.re removed and :r.:;reoervscl a:r:..cl the rema.inc1er a.llowod to 

develo~ to adults. If the ~dul~s ar2 of one species 

then it i.s fairly f3G.fe to concJ:ud.e chat this is the 

identity of the larv~c. 

obtain lG..J.."vae for tile prese11t study as it -:,vas col~lGlon 

PL1pae collected in the :field? l'lov;ever ~ car.:. be Dafely 

used in these stuuieso E3.ch lJU:tJC:::, collect eu Yv<:.i.S plac eel 

on moist tissuo paper in a small stoppered bot·~le. T~e 

emer:;ing adult •Has then identified and lJreservec~ toe::;0ther 

(b) ?ro-Jarati on ar~d Stud,,.- of I\Iate:rial Q 

--~.:...L;::.:----------~-~--J.i.-.----~--~---

Cl'he )rG;>aration of· ::j1aterial a.ncl the rnet:i.loci of stuuJ 

de:pencls upon tJ1.o c~:ce,racter(s) to be st;udied and es1x~cially 

It is as 

colour? eye-s)ots 9 pi~oorrtation, e~oo could bo clearly 

seen oy vieuing l.:.l~V~~e i.:Ll alcohol 1:~ndcr i:1 d.isseotj_:ng 

microoc ope~ v-ri t].J. i:c.ci,Jent light~ a villi·te b~:~okc;::round a:nci. 

x 50 magnification. 

Measu:ccl."'lents of ]:"Jresorved la:rvao ·dere Llaei.e u:nC~el ... a 

cOl1lJ)OUnd microsc0)2 using transi~li"i:;tocl li 0ht~ with the 

repeated as a checko Af'teT' m0e:"'~sure~:nent the ~L<J,rvae were 

roturnod to stor~ce iL 70% alcohol. Measurements wure 

mado using an oye-~ieco micrometer ~~ich was standdrdized 

~ith a stase micrometer to givo readings in microns. 

A method of l'}i.'"'Gj_:Jd.rc.tion fo:.c per.~.;1ane:nt lu.rval mou::.·.:..·cu 

Hhich YJas suitable for viov;in:; most structures incluuing 

the sote.e of tl:;.e huad. anci bod:;,r Y tl:Lor,~,cic _pig.mentcJ,tion, 

eye-spots, etc o w::1s to allov; alcohol-:r_Jroserved. larvSt.e to 

re:mair.~. at room teL.i.pora:curo in Berles o 's :r"'luid1 for at 

least one ni~ht befo2·e mountin.~ in the sc:c1o fluid e An 

39. / 

60 grd.illS G1.l.Gl arabic 

40 grams Glycerine 
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alternate me·cnod. was to loo..ve the la.rvu.e overni.;ht in 

lacto-chloro-J.Jhonol2 before mount inc; in Berlsoe 's fluid. 

The latter method did, }:owever s tencl to make th;:; o;ye­

s lJots f:::..inter. 

necessary to open the head ca~sulc of treated larv~e, 

and u,sj_nt; minuten pins to cJ.io;;.:;oct out the maj_'.Lcli bles 1 

Treatment prior to ~is-

section consisted of ceLtly boiling the larv~e for about 

five minutes in ct 10 i)Jr cent aqueous i;;:;olution of 

caustic ·ootasb_ (KOii) or leaving the.ca for sorn.e vre.3ks in 

lactic acid. The KOH method is that used by Kettle & 
I1avmon (1952) 'v·;ho also dissected out the l:)har;sr:cl0oal 

skeleton. Linley and Kettle (1964) otudied the 

:pharyngeal skeleton _in s,j_~u after l)rolonged 
r> t l 1 . ( 6·- 0 0 r· ) .., ' . . -· 01: -lJ.O _ SLTVC:~G lll Vvar:.n v .l<J..C ·clC SLC lCl. 'l1ho writer 

found 9 honever ~ that only the la:t."'Ger combs could be 

clearly s eon t~LrJij;J?~ 9 the omaller combs ancl hy:popharynx 

being o1xJcurecl. 

skeleton -viere r.uounted in Bor1ese' 0 fluid and studiod 

uncler an oil inlme::::.--sj_on 1cnc. 

is essential ~hat most of the body contentu be removed 

ancl tllc:::-·c s e td.o 1 especially on the c c pha.lo-tll.orax ~ be Elado 

clearly visible by s·Glj_-Gablo trea:GLlGJ.lt lJrior to mour.:.-cing. 

Linley & Kettle ( 1964) roc OJ.lLwn;.:1ou clcarinc; o:pocimens in 

\varm 12-ctic e::.ci6_ for soveral hou::::.--s. 

fo-:.;:_nd to be effec ;~i ve b1.:-1t _,Jetter results were oott.::tined 

l::)y keepin3, }Jl.llJ<Sl,O in \varm (.:±: 52°C) lacto-chloro-r)honol for 

at ler:.".-.st o~le ni2,ht bo.fo::ce mouncinc.; in Bcrlese 's flu:Lcl. 

In }JUpal studies certai:::l characters must be vievred 

dorsally and som.o latorcJ.lly. For this reason it Has 

:found usoful to mol.)_nt half tl12 IYLllJc:;.e intc::1ct i:n c;" laterc.ll 

position vihile tl:e rer.13-ininc; half 'dere diosoctec~ and 

moun·ted under separate cove:rslips on one slide as 

follO'v/S ~~he O}_)e:;::cull:tm was diss oct eel off :::.1.nd mounted 

tho last two or 

three abclomin:J.l segnont;,3 ;;.rore m.Ol..lllted c1or·rJal sido UI) 

40. I ... 
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under g,nother coverslip~ anli ths renainclGr of the pupa 

vr:1s E10unted in the sar;1e position under a third coverslip. 

All clraHin;s wore as,U.e using a clrawing -tube attached 

to a com}_)ounc1 luicroscope o 

(a) Fou:rth _]l'lS_~~--I..:_C}~-:y_E.e. 

( l) B-e c ogn~ji_i ~,Il;. 

Apart from an increase in size with each instar~ 

other larve::.l charo.ctor;::; such as I)igmentation and the 

development of tho IJharyngeal skeleton reach their final 

I~ is in t~is stage that 
tl1ese charc.:·wters can oo seen at their best and is an 

important reason for the study o:f this stage .. 

It is 7 2lO\Tover, not ea::.:1y -co dj_ffcrer.:.tia-ce betvreen 

the last -(;y;o instars of a mixed sample of unknovrn S}Jocies. 

~f.il1e first tvro inGta.rs u.:r·e seldom collected because of 

their very small si~o and may be easily differentiated 

from fourtL ins tar larvc:te on heacl len0 tll alo:.::le.. J?or 

example fir;~_d; inst0,r la-rv:-:-"e of tl1o largest species 

~tudied, viz. d. milnei have a head length of between 

70 and. 80 fl vv-hile the hee..d oi' ·i.iho smallcs L; SJ)Ocies 

C ~lli.£..:h£9.JlP-iS is bot•,ieor:;. 59 a:r.:.cl 66 p long. Sec o:nd 

ins tar .Q_<!_.JJ.i:J.:_:g_~i havo a head le:~.'lt;th of 1ess -t;han 120 Jl 1 

vihich car_~.not be confusecl ni-Gh ±·ourtll instar .9~_p~a]-_l,j.._9.J::: 

2_erggs~ w1:Licll }2_o..ve an a.vera.go i1e0~d length of more -chan 

130 p ( j.rable 9). 

of the third instar of the largest opecies, viz. C .. li1i 1ne i ---··---·--···-·· 
Ct 160 p.) it is lJrobL:'.b1y so..fo to assume thu.t the cpeoi-

mens are in the f ourti1 ins tar. vrnere head lengths are 

shorter t;lL~n t"1is, however? &D in the fourth ins tal"S of 

h~2aJ-_l_ic;_ij,Je_m}.t_~, C ._,_12_~d_f_<?_::ccl=!:_ and. .9_·~- s <?l0ll~~:h 9 further 

vvays of recog11izi:ng fourth instar larvae are necessary 

Crable q). 

Perha}lS the lilOst reli~blo mc;thoQ is to try and c~etect 

signs of lJUpati on .. ''!.llle first si 6 ns of this a=::·e the 

l1.ollowing out of the ~·11es o·t~lo::c,:~c ic 21.nd uetathorac ic l)aired. 

la-Gel"J.l bodies as t~1.ey are plLs:cJ.ecl in 1Jy- the t;roHing 

ime1gina.l buds. 

such as the rcslJi:c·atory ~lorns 3-nJ tho caullal spin-3s 'J 

becorue visiole but by this tillle the larve1 is so distorted 

41. I ... 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



- 41 -

as to make ider.;.-cifica.tion very difficultn. 

LaYiG on, 19 52) • 

(Kettle & 

In hedvily j}igner.i.ted s:pecies tlle paired lateral 

boJies of the illeso and met~thorax caxmot be 3ecn easily 

but che same 11llollo'ivinc; ou-cn eJfect is obtained due to 

the lsyer oJ:"" :;_Ji2,1.G.ent cells beint; st.ouldered up by the 

imaginal huds to for111 a cleJ.r1;y- defiJ:J.od i11de.ntec1 laterc:tl 

margin to the pignj_8Ilted areas (Fi.;o 6) (LaHson~ 1951). 

~fl1ere a sin3l8 s~ecies is ~resent it is e~sy to 

recognize ·che va .. rioui3 instaru on t~.l(; bJ..,:..>iB of JJ:yrar'a lav1 

that he~~c1 me:J..:S-c:Lre~llents in.crease by a. ce::ctain fixed rc:Ltio 

for a species at each successive moulto Since first 

between 59 and 80 },:. it il3 simple ·lio calculate vri1ic~1 

instarc are presento Kettle anu La.vrson (1952) give a 

full ex};la:r1ation and. exat:'7:ples of ·che ~procedure to adopt 

in t~:"eir s t·udy of B:.citish lJi tine; rnidces s 

Larval 1en~tll varies greatly between s_pecies hLlt 

must also dei)end on conditions j_n the la:cval medium. 

From Table 9, however, it is ~robably oafe to COilClude 

that larv:.~e 8~.l0l-"'ter th~.:n 3 e 0 illlil. are not in the fourth 

i:LlG ·tar~ and thc.:L-t lnrv:::.:"':..e l onGe:r th,:a 3. 0 :UID1. aT·e 1;ro bu bly 

either in the third or fourth inst~ro 

( 2) Gonerdl Featureso 
----~~·~-----.. -- ...... ..._..__ 

Fec1 ture~J Vlhic_::J. 1:.1ay be used i'or ·che (lirec t j_denti-

fication of some S}Jecies o:;_ .... to sort ·c21e la:r·vae into 

grou1xs for la cer more detailed stuc).y are tho colour 

of the head~ the shape of ·the e;ye-S})Ots ') the presence 

or ab:Je:LlC e of lJiZ~'llent<.ltion on t:::1e thorax anCL tLe 

The general features 

of the eigl1t species studied are swmnal"ised in 11able 8 
and shov-Jn in :J?igure~.:; 5 to 12. 1J:he follovrir.:.g con-

clusions can l)e dravn1 from 1\---~ble 8 ~ 

Head colour. 
---··---~---~- .. -..--

_C. 2~~LJidipenntfl, ~{~·~.L3 and C.? mi~n_ei all have 

bro\vn or amber-c olourei i:lec;,d.s ~ tho heads of the o-ther 

s~ecies being dark creau or str~~-coloured. 

Eye-s-oots. 

C. -Jallid.ipe:cf!~:J:i3- genel"ally shows a lJJ..ir of' almost 

ci~cular spots comv~roJ wi·th -~h8 cor~la-8haped eye-spots 

of t}le otller seven spocies .. 
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Species 

c. distinctipennis 
(Fig. 5) 

C. pycnostictus 
(Fig. 6) 

c. nivosus 
(Fig. 7) 

C. schultzei 
(Fig. 8) 

C '1 ·* • m~ ne~ 

(Fig. 9) 

C. magnus 
(Fig. 10) 

C. bedfordi 
(Fig. 11) 

c. pa1lidipennis 

(Fig. 12) 

* 

Table 8. 

Head 

Dark cream 

Dark cream 

Dark cream 

Dark cream 

Brown 

Brown 

Dark cream 

Brown 

- 42 -

General features of fourth instar larvae of 8 Culicoides 

species. 

Eye-spots 

Comma-shaped 

Comma-shaped 

Comma-shaped 

Comma-shaped 

Comma-shaped 

Comma-shaped 

Cornm.a-shaped 

Circular 

Neck 

Unpigmented 
except for 
odd spot. 

Unpigmented 

Irregular 
central 
pigment 
usually 
present. 

Brown 
irregular 
pigment 
for most 
of width. 

Sometimes 
pigmented. 

Unpigmented 

Unpigmented 

Unpigmented 

Pro thorax 

Brown pigment 
fills segment. 
Open spots in 
pigment some­
times present. 

As above 

As above 

As above 

Brown local­
ized narrow 
pigment strips 
anteriorly and 
laterally. 

Unpigmented 

Unpigmented 

Unpigmented 

Mesothorax 

Pigment similar 
to prothorax. 
Narrows pos­
teriorly. Two 
dark lateral 
bodies some­
times present. 

As above 

As above 

As above 

Pigmentation 
similar to 
pro thorax. 

Unpigmented 

Unpigmented 

Unpigment~d 

In C. milnei isolated black spots may occur superficially on the thorax. 

Meta thorax 

Pigmentation 
reduced. Two 
dark lateral 
bodies some­
times present. 

As above 

As above 

As above 

Lateral bands 
of pigment 
only. 

Unpigmented 

Unpigmented 

Unpigmented 

43. I ... 
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PigLlO:rlta tion. 

When prc3 eLt, J:)isLlelltv.:tion is mus c :Jronou:nc ed in 

the :prot}J.or~-~,x and U3ually diminishes in l:Jhe meso allcl 

meta--thoraces. 

prothora,x _torrns 1Jii.e ;Jo-called. 11 neck 11 vvhich may also be 

pigr11ented (Fib Q 10) • 

·rhe pic;ment lay-er j_s very su:;_)erficia.l and is 

usually restr2-cted to 0..:1e dorsc.:..1 a:nd. c:Lo:-t·so-latel"al 

regions althou~l it is somotimes found as a narrow 

ve:ntral ban1 in the lJOsterior region of the ~:;J.etathorax. 

Pignent appears to cor.._sis t; of ver-::l snall particles 

gj_ving a diffuse ei'fect 9 but lJarticles aTe often formed 

into circulur groups givin~ a more mottled ap~earance. 

Open circular unpit;.-,lenced a:::_,...ea.:J are c ol_2:£ij_O:n i:::-1 cor-Gain 

From Table 8 and J:?i~~ures 5 to 12 1 it can ~0e seen 

fhe firsc group 

includes those SfJecio:.J \ihicll. j:1avo a d.i:ffu;3e t:y-pe of 

:pigLonta ti on v.rl1ich fillo the }_:xcotilorax and di~.air1ishes 

posteriorly in tl.LG meso anc~ :Jletc:thor~x~ viz. C~ d.is_:-.t.:!-I~-~-iJi-:: 

'J.lhe second. groulJ is made up o:L one species, .Q_"~-zrl~l--~~t?.l.? 

w-hich h:.:1s narrow -bancl;J of very well defii.J.od a:cea.s of 

gigmcntz..~ ti on? anJ. tho t~:;_ird _;roup inc1ucles the three 

l}_npizrn.c;nted species 

11he fol1owinc; mea;:::;urelacnts were m.aJ.e oi' fourth instar 

larvae of the ei;L.t SI)ecies s GULLied ~- :i..J.eac1 length~ head 

breadth, width a~ or~l rinb, Jist~nce from anterior 

mc.Tgin of labru.:w. t;o eye~spo-l:i, distc:~nce lJetv,een e;):·es 9 

and larval ler.:.gth D An indica/cion of the ;:::;hape of the 

he..:ul is given by the x·a,tio hea.cl lengt~l d3 to he0..ci_ 

breadth and calleJ the head ratio. Iieetd. length y;as 

measurec1 i'rom the anterior margin of the labrum alone; 

the 111id-line to tho l)O,J te~c:j_or margin o:r the post-

I3reai..t·i.:;h Has measured at the '<lides t 

:part of ·the he ad, orc;,l ri:r.:.G vri~~ t~1 H,_1s tc;;,ken frog a 

strai;:sht line collEectin0 i.Jl1e hind bor,:_ers of the sub­

genal banc1 9 and the len2_:th o:r t~ ... e larvd-e L.;_id not ir~clude 

and b}le results aro civen in '.L<J."Jle 9. 
44. I ... 
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Table g. Mean measurements and standard deviation from mean 
(S.D.) of fourth instar Culicoides larvae (in microns). 

Species Date Number Parameter Head Head Head Oral Labrum to Distance Larval 
Reared Measured Length Breadth ratio ring eye between eyes length 

c. pallidi-
pennis 5.11.63 20 Mean t S.D. 136.1 ±. 3.6 102.4 .±. ].8 1.33 ±. 0.05 68.5 .:!:. 1.9 74.2 ±. 7.0 54.7 .:!:. 6.1 3398 ! 187 i 

12. 2. 65 20 M • .:!:. S.D. 134.7 ::. 2.1 95.9! 2.5 1.40 ! 0.04 61.3.:!:. 1.6 70.7:!:. 3.6 50.6 ! 3.6 3048 + 100 
- I 

c. bedfordi 15. 4.65 20 M. + S.D. 145.3::. 3.1 96.2 .±. 3.5 1.51 .:!:. 0.06 60.8 + 2.0 86.4 ±. 7.2 57.5! 3.9 3346 :t. 235 I 
I 

c. schultzei 26.11.63 20 M • .±. S,D. 154.9 .±. 8.4 116.4 .±. 8.7 1.33 .±. 0.07 75.8 .±. 5.5 84.7.:!:. 5.8 57.6.:!:. 5.6 3716 .:!:. 245 

C. distincti- I 
I 

penn.1.s 11.11.63 20 M • .±. S.D. 170.0 .±. 3.2 115.6.:!:. 3.0 1.47 .±. 0.03 78.1 :!:. 2.0 102.6 .±. 6.4 61.6 :!:. 4.6 3676 .±. 139 ! 

I 

26. 3.65 20 M • .±. S.D. 164.0 .±. 4.6 114.5 .:!:. 4.4 1.43 .±. 0.06 74.5 .±. 2.4 95.8 .±. 7.2 63.4 :!:. 4.0 3510 .±. 128 i 

i 

C. nivosus 31.10.63 20 M • .±. S.D. 177.4 .±. 5.3 129.0 .:!:. 5.3 1.38 :!:. 0.04 89.2 .±. 2.1 112.3! 9.0 71.5 :!:. 8.5 4455 .±. 183 i 

8. 4. 64 20 M. + S.D. 179.6 .±. 7.3 131.8 .±. 9.2 1.36 :!:. 0.07 86.0 .±. 4.2 99.4 .±. 5.2 73.6 .±. 6.4 ]810 ! 448 i 

c. pycnostictus 25. 3.64 20 M. ! S.D. 183.2 .±. 5.4 132.6 .±. 5.9 1. 38 ! 0.07 87,0 :t. 3.8 99.5 .±. 4.3 74.3 :t. 4.6 3717 .:!:. 174 i 

9. 3. 65 20 M, .:!:. S.D. 180.4 .±. 5o6 127.9 .±. 4.5 1.41 .±. 0.02 82.9 .±. 3.3 96.4 .:!:. 4.4 72.2 .±. 4.6 3432 ! 211 1 

c. magnus 9. 3. 65 5 M. + S.D. 203.5 :!:,16.1 1.3.3.9 :!:. 4.4 1.52 ±. 0.14 8 5. 4 :!:. .3. 8 105. 2 .::. 10. 6 74.6 .±. 2.4 3778 + 317 I 
- i 

I 
C. mi1nei 8.11.63 20 M. ±. S.D. 22.3.2 :!:. .3.8 146.7 :!:. 5.3 1.52 .±. 0.07 102.4 ±. 3.4 122.3 ±. 4.7 91.8 :!:. 5.5 4141 ±. 168 

16. 2.65 13 M. + S.D. 224.5 :!:. 5.9 150.2 .::. 3.2 1.49 ! 0.04 100.2 !. 2.2 121.4 ±. 4.0 93.1 ! 6.6 4093 :!:. 372 

45. I ... 
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t_::txonomic va.lu0 ~ ln.-t·c they aCLd no·ci1ing to the informatiorl 

Lar:son (1952). fhere appears to bo little or no 

correl~tion bet~een the l8L3t~ or br~~Qth of the head 

tha~.1 in the first ,sample vrllel ... G..:'vs larval lengtn vras very 

much shorter. The J.arv0..l lengths ·t;herefore cu.n oE'ly 

serve as rough i~'ldicators of ·che GJ:Iecies or ins-tar, 

and are 2:--•l"OlJ:.:::bl;y- cle:pendent on larval ac;o V/i chin Ghe 

inst~r and on conditions in t~e laiYal·nedium. 

the ,sl;ecie;::; .studied it rila;y- bo cui'ficient to say tllJ.t 

larval 1enstL varicci. from al)l:Jro:x:ir.u.ately 3 oO i:Ei.:.. fo:c tlle 

smallest species to aoou"G 4.1 mm. for the la:r~geGt. 

Heo.CL 

l"ing are 

lenc:,t\1. ~ l1eo.cl breadth a:.1u tJ~:e viid t11 of che o:r·al 

very useful indic.;:.tors of ·t;he ic~entit;y- of a 

species viLere t:L1iu cc:.~n11ot be d.e coruin.ecl by ea.sier 1nea.ns. 

:Most of the eight species studied are fairly 8as~ ... to 

in Ta~le 8 such a~ the presence or absence of ~ig-

tlleso cl1aracters .•· I 

:~.,net. res o:cc to llifferences 

measUT'8l.ilen L~S r:.1ay have to be I.ldJe. 

( 4) Do tailec:L 8tuc3-y q_:f__~_l~J.-~l~Cl.§ .• 

Und(;r oil irauersion tl1e phc;.r~lngeal skeleton and 

mandibles could be cleu.rly d.J_Gcernec1 ~ but no at CGiiliJt "~.:-as 

made to tro.-~ce and stuG.y the ante:n:a~e ~ labrw:.::c, Lk1Xillae 

a.nd labiuH, oince aa poinced out lJ~{ Li:r:;.le;y & Kettle 

(1964) 1 
11 a lar0 e a:inOlU1~ of careful Yrork on :rn·operly ]_)re-

];Jared S_tJeciaens vrould be neceosary to a}_):preciaco ther.1. 

and at -'ci1e best ·chey could only be employed as con-

firma tory charac·cers on a fev; 1o.rva .. e of doubtf'ul ide::.'lti·cy, 

and HoulJ not be a:tn)licable to lLt.:L'0G nllLclbers 11
• 

·~.:here poss ~l. ble the nanr~:.i blos , e pi pharynges , anJ 

hypopharynges of six larvae of each s~ecieu Tiere dra\m 

und.er oil i~2Lwrsion, ancl the cle.::tl'"'Di~.n; and 1::1os·c 

to 32. 
head_ shovving all tho s 0r·~:~ctures to be discuss eel, a:p1Jeu.r 

ill Fi,_}.ll"8S 13 a:r:d. lc~-. 

46. I ... 
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(~) I;,Iand.i bles. 

articulate ante:"o-dorsally, and ~dove al1~ost ps.I'allel to 

each other in a vertical plc~ne. As pointed out -by Kettle 

~nd La~son (1952), nandibles ~re difficul~ to describe 

::1:ad compare ..1s "a slic;ht alteration i:n their positio:::l 

makes a c onoicle:cc..:~ble chan:;o in their 8.fJIJearanc e 0
.. ~nle 

ma.ndi 1J1es al)lJG.:lrir.:.~ in :E'ig:_;~res 15 to 22 -cL.e:.."'efore _;i ve 
o:nly a ge:ne:l."'al indication of' their structure, shape :...t:ncl 

size. 'l1he prese:;:1ce of a. seta or so tal socke·c postero-

1ongt~:cs of the m.a:n.diblus S.l'"'e given in if able 10. 

~\1ble 10. ____ ......._ .... ____. ___ __ 

C. -::)allidi ~•)Glli1iS 
~- .. ~--~·-··-~·-.,~---

0 • ____ p e cl f o_:r._Q. i 

C ~~9]~}l~iJ z e i 

.Q~~- dia ti~lC ti_.:l2_~1:1Yl:tS 

C. ni VOCH18 

C • :pyc l~~-~ . .9..2J2l~ 
Co lll-.;l_bllUS 

C • ___ milnei 

5 
j 

5 
6 
('J 

0 

2 

9 

il1S-G<1l .. 
·-~--·--

30.7 34 .. 2 

34.8 J8.9 
40.6 :.;-1. 3 
!~4 .1 /~9. 3 

50.5 57.5 
51.0 55.1 
li-7 .. 6 54.0 
51.6 55.6 

I)fean mes.su::cement;s i:c.t. ·ro, ble 9 o.f heaL:. lengtl'l? head 

breadth, an~ width oi the or~l ring, are noticea~ly 

greater in c ·-~~A. than ill cho o-cher r.::pecies" In 

:b:;:.,ble 10, hO\iever, che len:;th of -'che mancLi bles of 

C. milnei doe;J not clif'fer significs.ntly from those of 

I'Jandi ble 

1ent;th in rela0ion to the other head mec~ouremonts just 

~11ontioned" is t.tlUS another charc..:c cer v:rl1ich could :pos;3i b1y 

be used in the identification of species. 

( J?) 1i 1he J::pa:i.:.Je~E;_f?_ o 

~(!he pharyn~os or ~)~1a.ryngec~l skeleton consist of ·c\VO 

main parts 9 the hYlJO:;?lletrynx a:r:1cl the epilJharynx. 1110-

~e thor tl:;.ese ~t'orm the wu1ls of' t~1e :pre-oral cavity 

(La VJS on , 1 g 51 ) • 

( i ) E_ylJ~~~Q;df o 

This is made UlJ of a cone ave or troubh-sl::.a.J.Jecl 

:w.embrcillG ~;;;hich forms the floul"' ol tl1e pre-or,..;,l cavity 

anC.. YI~.:.icl·_;_ is sUSj)e:n<led. froL1 t-\vo sclerotized la-Gora.l arElS. 

47 .. / •.• 
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~Ihe anterior region io of a membrano·L::.o nature a:ncl is 

:;_Jrolongec1 ante:ciorl;y- into what a.:pJ)ear;a to oe a tube. 

Laws on ( 1951) hau shoY·a1 thCJ.t in _C ._nubecu:J-ocn.:::§_ the 

salivary duct o:pens ii: t~:.is dllterior section uf the 

The hy~opharyn~es of seven of the eight species 

stud.iecl O..IJJ:Jear to be very sj_L:.il::.tr i:-c. structure ancl a 

single figrtre (l'1 it;o 23) is repx·esenta.-Give of ·chese seven 

that tl1e ·cro1~~gh of tl.Le hylJOphc~rynx is dark und fi iJrous 

i:n. na ~ure 1 and :1ot e.s J.elico.:ce as that of tile other 

species (Fig. 24). In all cpecios the pouterior edge 

of· the trough i::::: J:lrolonc;ed into fine :tnembranous teeth 

fla.:nkecl by four or five ver;I small teet._·_ or "de:Tcicles li. 

T·hc fact thc.t tho hyl)OJ.:;harync;es are not all alike, 

sugt;es ts that they 1~1ay- })rovi~.e useful cha:r\_~c ters in 

larval iQentification. 

( i i ) E ~~~-::;rr:Lx • 
'i1he 8lJip~l~~r;scl1X J.11ake0 Ul) the other half of the 

to form ·tho e }Jii>b.ar;y-nx }_)T'O _~_:Jer, ~J.:nd this is sus pend.ed in 

Those ::.rms are of minor 

-.~ 0" , -.-. . '·- . .-. ( ''T. - ·'-· .: -1 -~ (' J.ll I..II.J..l. vu:....:. l\..8 (; l.J 1:.,! u: Lz.1ws on~ 1952). Tho 
ari~ may I)O:.Jsoso SI11all sclcritos or rnen~braiJ.ous teeth 

Xe·t;tle b. La'.:IS on ( 195 2) doscri be tvvo ty}JGS of 

I:n the first type or gToU~J tl::.ere are 

basically four sclerites present4 ~he ~osterior scleritA 

is eli vided into a. l:)air of ro"L:.c;hl:y- trians,·'t~lar sclerites ~ 

the })OBterior eC.;es of ·v;:aic~~ arc toothed o 

lJro j ections or defilij_te teetL. file e j_)ipllarynx in this 

IJ i ~;i~lO :J.1 t 0 0.. ( _9_•.-~.f..!.U b 8-: 

out 
:~3. 

uiJ.der 
I 

I • • • 

oil 
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i::Jlhlel .. B ion. Thi0 is regc..rJ.ed u.s Ghe first coEJ.b of -~he 

series so th~·b as one ~roceods ventrally the others have 

been named 0 Secund 11
, 

11 ti:ird 11
, anci lifov.rt~::.n cowbs (Kettle 

& I1u.vmon~ 1952) o ~Che fourt:1 co:o.·b is sometiiJ.cs called 

t~1e vontr.J.l comb. 'l'hes e c onbs Day not all be :)l'"'G8 ent 

c;.nd of ~eTL oven ·vv-he11 :presont the~;· are ver~' difficult -Go 

see due to their fi:ae st:r'uc-ctl.re or becallGG theJ may be 

obSC"i.-lrecl b~:· sor~w overlyin() st:cucture o 

The eight species studied appo~r to fall into the 

second gT'Ol.l:;) cinco 111os~ havo tllroe or Dore combs vriLh 

\v-ell-c~efinod teeth o In 9-!~ ·;Ja_J .. _liC1..=!-J?GI~.J:lis, hovtever, onJ_y 

tvro comlJs can be seen. 'I1he~r are the dorsal comb and 

what must be tllo ventral comb (fourth co11b) since it is 

vmll cievelolJed o.n:l therG is space e:;:1ough bet\ifeGil it ar.:.d 

the doroal coEb for the t~o missing combs. 

25 to 32 re~re3ent verrtrdl views of dissec·ceu and. in situ __ ...__,_,_.__._-..,._.._ __ 
opi:pharynges. 

clarit;:,r it lla.s been nece;~;Jar;y- ·to clrdvr oacJ1 com·b distinct 

ir.1posed. 

'J:lle dorsal comb is tho cle~tre;3t s-tn1.cture o:f:' -the 

taxononic )Url)OSGs. 

of this C OL1b Ot:;;"'..n -be fairly Cle~:~rly cLis ti:rlgui,SllOQ eVOL. in 

an intc.-;,ct; treu.ted 8lJ8Cil:-;.en 9 and as cc:~n be seen from 

'_Ca:Jle ll 1 there exists c~ si;;nif'icant difference bet\lee:n 

tho s~ecies s~udied. 

only three large teeth on eac~ hQl£ of the dorsal comb. 

IJ.'hose coEbs in turn are fla.r.;.kcd laterally by a sinCJle large 

latera.l a:rnso 

rou;:,;,hly in-~o those \litJ:J. les,s than lL'r- anJ. those v:i tl1 14 or 

E1oro ceetL o:1 ed.ch h::tlf of' t~1e clorsal corn.b. 

Careful dissection and mounti:n.~:, ic; naceusa:-cy for a 

stl.:Ldy of Ghe o uher throe combs. Except in C. distincti-

. 'Oll:tliS Co lli VOSUi:J 
~---·---- 9 -~-----~~--

o..lmost 

illllJ0~.3sible to detei'L.ine accur(._.;tel;y the nu~.tllJor of teetil 

in theoc co:LD.bs. No trace of o.. socon,l or third. co~:c1o 

S~ niVCSUS ap:;_JG:.:t.r to ha.ve ::rrore tcc~th t:.l.a!l thOSG Of its 

clos o re1.::~ti vas 2.!.. .. lli}~~iEc_tipe:nni_~. 3.L..•~ Co lJ;J'CYl<}E._"~i~c.::-;-..@. 7 
v.rhicll •::,-..... (""\ 

L.J.,..L v alr.1ost idonticc11? ot.aer\'rise 

of little or ~o dincnos~ic value. 

are probably 
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Table 11. Details of epipharynt:eal combs of 
fourth instar Culicoides larvae. 

Number of teeth per comb Width of half 
Species dorsal comb 

Dorsal:~£ Second 1'hird Wourth (;u) 

Ea11idi-
penn is (14)-19 (6)-9 12.8 - 17.4 

bedfordi ( 11-12) ( ) ( 14) ( 14) 11.6 - 13.3 
C. schu1tzei 3 ( ) ( ) (12-20) 10.5 ... 11.1 
C. distincti-

c. 
c. 
c. 
c. 

penn is 8-9 5-6 8 16-19 13.9 - 16.2 

nivosus 10-12 8-10 11-12 (20) 15-7 - 16.8 

pycnostictus 9-10 5-7 8-11 16-(19) 14.5- 17.4 

magnus 

mi1nei 

15- ( 18) ( ) ( ) ( ) 19.2 - 21.5 

10- ( 13) ( 4) ( 7) (8)-12 20.3 - 23.2 

~Refers to nwnber of teeth on each half of dorsal 
comb. 

( ) Num-oer of teeth U..."lcertain. 

No. of 
specimens 

9 

5 

5 

6 

10 

8 

5 

11 

The size of the teeth of the dorsal comb may serve 
as a diagnostic character. In most species teeth are 

almost e~ual in size. In c. milnei, however, the first 
two to four teeth on the mesal side of each half of the 

dorsal comb are considerably larger than the others 

(Fig. 31). 

The shape of each half of the dorsal comb varies 

between species. In three species, viz. c. pallidi­
pennis, C. milnei and C. magnus~ the two halves of the 
dorsal comb when adjacent to each other give the dorsal 
comb an alnlost perfect semicircular serrated outline 

(Figs. 25, 31 and 32). However, in C. distinctipennis, 
C. pycnostictus, C. nivosus and C. bedfordi, each half 
of the dorsal comb has the shape of a hsnd so that when 
adjacent, the outline of the comb has a distinct 
indentation in the centre (Figs. 26, 27, 28 and 30). 

Kettle & Lawson (1952) attached some value to the 

width of the dorsal combs as a means of distinguishing 
between otherwise morphologically similar species. For 
this reason the widths of each half of the dorsal combs 

(measured at the widest section) of the eight species 
studied, are included in Table 11. The width across 
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the complete comb was not used, as in many cases the two 
halves of the comb overlapped or became widely separated 

on mounting. 

The value of the width of the dorsal comb as a 

diagnostic character is probably limited. In the eight 

species studied, once tLe various species have been 
separated on such characters as number of teeth on the 

combs, size of teeth, and shape of combs, then width of 
dorsal comb can be used as an additional character to 

differentiate between those species which fall in the 
same groups. For example, C. pallidipennis 1 C. magnus 
and C. milnei have combs of a similar shape but 
C. pallidipennis may be easily recognized since the 

dorsal comb is much narrower (Table 11). Similarly 
C. bedfordi has a narrower dorsal comb than C. distincti­

Eennis, c. nivosus and C. pycnostictus, although their 
combs have the same basic shape. 

In summing up, the following characters of the 

e1Jipharynx are of possible taxonomic value :- The number 
of teeth on the dorsal comb, the size of these teeth, the 
shape of the dorsal comb, the width of the dorsal comb 

and the nmnber of teeth on the second and third combs. 

(5) Structure and Chaetotaxy of the Head. 
The head of Culicoides larvae is made up of three 

sclerites. They are the fronto-clypeus, a lateral/ 

ventral sclerite, and the post-occipital ridge or collar. 
These are separated from one another by the frontal 

(ecdysial) and post-occipital sutures 7 respectively 

(Kettle & Lawson, 1952) (Figs. 13, 14 and 39). Neither 
these authors nor IJinley & Kettle ( 1964) attached much 
importance to the sutures or sclerites as taxonomic 
characters since they noted very little vari~tion between 
species. 

The eight South African species studied conformed to 
a greater or lesser extent with tLe overseas species 
referred to above. However, it would be unwise to ignore 
the possible taxonomic value of at least one of these 
characters, viz. the post-occipital ridge. As can be 
seen from Figures 33 to 48, variations between species 
in type and degree of sclerotization of tLis collar do 

exist, e.g. c. pallidipennis consistently shows a narrow 
ventral anterior projection of the median section of the 

post-occipital ridge~ which makes it readily distinguish­
able from the other species. This can even be seen at 
x 50 magnification (Fig. 42). 
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The position, size, and number of setae on the head 

were studied and appear in Fi~ures 33 to 48. No attempt 
has been made to label them or to go into a detailed 
description since the differences which were observed 

between species were trivial. Linley & Kettle (1964) 
sum up the position with regard to chaetotaxy as follows:­

"The value of the chaetotaxy of the head as a source of 
useful characters for specific identification is very 

limited. The arrangement of the setae and pits on the 
head seems to be constant within the genus, and 'only small 
size and positional differences occur from species to 

species". 

However 9 while studying the chaetotaxy of the larval 

body, measurements were made of the length of head setae, 

and setae on the prothorax and anal se~nent. It was 
very difficult to discern the tips of most of the setae 

even under oil irr@ersion. Exact measurements could not 

always be made therefore 9 but since repeu.ted measurements 

of a nUIDber of specimens gave about the same lengths, and 
since only large differences in lengths are of interest, 
these approximate measurements are given in Table 12 and 
Table 13. It was also seldom possible to measure a 
particular seta since some were strongly curved or obscured 
so that only the longest of the straight and clearly 
visible setae were measured, be they ventral or dorsal. 
One seta per specimen was measured. 

As far as the chaetotaxy of the head is concerned 
these measureruents suggest that it lr1ay be useful to compare 

the length of the longest head setae with head length. 
The results of this comparison for the eight species 
studied appear in Table 12. 

It is clear from Table 12 that two species, viz. 

C. bedfordi and C. mag-nus differ markedly from the others 
in having very long head setae in relation to head length. 
This ratio may therefore have some use in the identi­
fication of certain species. 

(6) Chaetotcxy of the Body. 
Culicoides larvae possess a fixed pattern of setae on 

each body segrn.ent. The arrane:e:ment has been described by 
Lavvson ( 1951) for C. nubeculosus and the setae each 
identified with a letter. Linley & Kettle (1964) adhered 
to this terminology when studying C. furens Poey and 
C. hoffmani Pox and concluded that :- "The chaetotaxy of 
the larval body is probably fairly constant throughout 
the genus, II . . . . . . . . . . 
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Table 12. 

Species * 

;2allidipennis 
bedfordi 

schultzei 

distincti-
-()ennis 

nivosus 
......... ~--

pycnostictus 
magnus 

milnei 

- 52 -

Comparison of length of head and longest 

head setae of fourth instar Culicoides 
-----------~-------· 

larvae. 

I'.:rean head Mean seta Ratio of length 
length (p) length (j-l) head : seta 

135 35 3.9 
145 53 2.7 
155 37 4.2 

167 42 4.0 
179 42 4.3 
182 47 3.9 
204 75 2.7 

224 62 3.6 

*2 - 5 . d f' 1 • spec~mens measure or eacn spec~es. 

In the present study a similar examination was made 
of each species but the only differences noted between 
species were in the size nnd position of the setae. In 
many instances setae were at first thought to be absent 
only to be found after a careful search under oil 
immersion. 

Setae appeared to differ greatly in size depending on 
the species and the location of the setae. It can 

generally be said that the setae of the anal set;rment are 
the longest, followed by those of the prothorax and 

remaining body segments. The mean lengths of the longest 

setae on the head, prothorax, and anal segment are 
recorded in Table 13 together with the ratios of the 
length of the head setae to prothoracic and anal setae. 

From the last two colmnns in Table 13 it can be seen 
that the various setae within a species differ little in 
length, seven of the eight species having ratios very 
close to 1.0. In C. pallidipennis, however, setae 
differ markedly in length since the setae of the head 
are 2.1 times as long as those of the prothorax and 1.4 
times longer than those of the anal segment. This 
character would therefore seem to be of very definite 
value in separating C. pallidipennis from other fourth 
instar larvae. 
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Table 13. Len€:th of ~ongest setae of fourth ins tar 

Culicoides larvae (in microns). 

Nw;1 ber , Pro- Anal Ratio setae Ratio setae 
Species Heaa Head : Head : .;.ue.:;.o.sured tho1·ax Seb1llE:llli Pro thorax Anal segment 

c. pallidi-
rJennl.s 5 35 17 25 2.1 1.4 

1'"1 bedfordi 5 53 53 63 1.0 0.8 v. 

c. schultzei 5 37 37 46 1.0 0.8 
c. distincti-

:eennJ.s 2 42 49 53 0.9 0.8 
c. nivosus 5 42 39 56 1.1 0.8 
c. Plcnostictus 5 47 48 54 1.0 0.9 
c. magnus 2 75 86 71 0.9 1.1 
c. milnei 5 62 66 72 0.9 0.9 

( 7) Anal I'apillae. 

Linley & Kettle (1964) found the variations in the 

form of the anal papillae to be of value in larval 

identification. In the ~reaent study, however, 

difficulty was experienced in obtaining specimens with 

suitably extruded papillae or with papillae which could 

be clearly seen through the body wall. No attempt was 

therefore made to compare anal papillae of the various 

species. 

(8) Key to Fourth Instar Larvae. 

l. Thorax pigmented dorsally. 

Thorax unpigmented dorsally. 

2.(1) Pigmentation diffuse, almost filling 

the segments. 

Pigmentation restricted to lateral and 

anterior bands (Fig. 9). 

C. milnei 

3.(2) Pigment absent from the "neck" or 
only an odd spot present. 

Pigment present on the "neck"o 

4. ( 3) Head ±. 160-17 3 p long and 

±. 110-118? wide (Fig. 5). 

C. distinctipennis 

2 

6 

3 

4 

5 
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Head ~ 175-189 p long and 

~ 123-139 p wide (Fig~ 6)~ 

••..•. C~ pycnostictus 

5.(3) Three teeth present on each half of 

dorsal comb of epipharynx, trough 
of hypopharynx dark and fibrous 

(Figs. 8, 29 and 24) . 

••••••••• Co schultzei 

~ore than eight teeth present on each 

half of dorsal comb of epipharynx, 

trough of hyl-'opharynx pale and 

delicate (Figs. 7, 28 and 23). 

C. nivosus 

6 .. ( 1) Bye-spots couu:u.a-shaped, 

ratio head length : length of 

head sete.e i:_ 2. 7 
Eye-spots circular, ratio head length 

length of head setae) 3. 6, }:)Oat­

occipital ridge possesses a ventral 

median anterior projection 

(Figs. 12 and 42) • 

.••.. C. pallidipennis 

7.(6) Head brown, more than 14 teeth on each 

half of dorsal comb of epipharynx 

(Figs. 10 and 32) . 

• • • • • • • Q • • • • C. magnus 

Head dark cream or straw coloured, more 

than 8 but less than 14 teeth on 

each half of dorsal co111b of epipharynx 

(Figs. 11 and 30) • 

.•..••.•.• C. bedfordi 

(b) Pupae • 

7 

. :.'upae are more easily recognized tLan larvae since 

they have a large nl~nber of sclerotized structures which 

may be used in identification. Pupae are also com­

parative1;:r e~--'.SY to co112ct and the exuviae show all the 
characters of the intact pupa. 
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Dorsal and later .. 1 views of Cul1_q~ides purae are 

given in Fi~ures 49 and 50. The ruore important 
characters are labeJled and these will be discussed 

below. Unfortunately no pupae of C. magnus could be 

reared so only seven species were studied. Additional 

material of C. pycnostictus and C. distinct~ennis was 

collected in the field and was compared with the 

laboratory-reared material. 

( 1) Colour. 

This character has been used by some workers, e.g. 

Linley ~ Kettle (1964) to differentiate between species, 

but in the present study specimens of the seven species 

all had a light brown abdomen and a darker cephalo­
tr_;_orax. 

( 2) Len&·th. 

Twenty specimens of each species were measured in 

alcohol in a petri-dish and their average lengths from 

the anterior margin of the cephalo-thorax to the tip of 

the caudal processes, determined. Some specimens 

appeared to have stretched in the alcohol while some had 

a shrunken appearance. lv1easu.refuent of the more normal 

arJpearing specimens showed C. nivosus, C. pycnost~-~tus, 

and C. illilnei to be large species with an average lengt,l 

of from 2.2 to 2.4 1rlm., while C. distincti_t.Jennis, 

C. :pa1lidix;ennis, C. schul tzei, and C. bedfordi were 

noticeably shorter, aver·_:.ging l. 8 to l. 9 rcr.a. However 7 

in field collected specimens C. distincticennis was only 

slightly smaller than C. pycnostictus. 

(3) Prothoracic Respiratory Horn. 

This orgo,n and its functions have been adequately 

described by Lawson (1951), and Kettle & Lawson (1952) 

have made much use of its characters in describing 

British biting midges. Its size and ~rominence make it 

a very easy structure to study. It possesses a nwnber 

of characters of taxonomic value. These include the 

deeree of pignentation as well as the region pigrn.ented, 

the number of lateral and terminal spiracular papillae 

(Fig. 51), and the presence of external folds and 

pointed or dentate scales. 

Table 14 and Figures 51 to 57 summarise and 

illustrate this information for the seven species 

stuclied. 
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Species 

C. nivosus 

C. E;zcnostictus 

" 
Field specimens 

C. distinctipennis 

" 
Field specimens 

c. pall1d1penn1s 

c. schultzei 

C. bedfordi 

--
C. milnei 

* 
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Table 14. Summary of the most important characters of the prothoracic 
horns of Culicoides pupae. 

Number of Number of spiracular 
specimens Pigmentation papillae 
studied 

Lateral Terminal 

ll Distal i of horn 2-3 4-7(6)* 
dark brown. 

9 Distal i of horn 4-5 3-6(4) 
slightly darker 
than remainder. 

9 " 3-5(4) 4-7(5) 

10 Distal i of horn 2-4(3) 2-5(3,4) 
slightly darker 
than remainder. 

8 " 2-4(3) 3-5(4) 

6 Proximal -~ and 
distal t of horn 

4-6(4) 3-6(6) 

darker than 
central region. 

6 Distal i. of horn 2-4(3) 4-7(6) 
darker than 
remainder. 

7 Entire horn dark 3-5(4) 3-6(4,5) 
brown. 

6 Entire horn dark 0 7-11 
brown. (10) 

Humber in brackets indicates most common number of papillae found. 

Presence of 
scales, folds, 

etc. 

Dentate scales and 
folds in central 
region. 

Dentate scales and 
folds in central 
region. 

" 

Dentate scales and 
folds in central 
region. 

; 

" 

Annulated rings or 
folds in central 
region. Scales 
absent. 

Annulated rings or 
folds in central 
region. Lateral 
tubercles pro-
nounced. Scales 
absent. 

A few small den-
I tate scal~s on 
I proximal /3 of 

horn. Slight 
folds may be 
present on 
proximal -!. 

Small dentate 
scales scatter~d 
over proximal /3 
of horn. 

57. I p. 
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It can be seen that three types of pigmentation of 

the prothoracic horn are found, viz. complete pig­

mentation, tip pi@nented~ or base and tip pi&nented. 

This provides a very easy method for identification, at 

least into groups. 

The arrangement and number of tr~1cheal O}.Jenings or 

"papillae" is another useful character. C. milnei 

for example is the only species havin[- no lateral 

papillae. This character was used by Kettle & Lawson 

(1952) to distinguish the C. pulicaris grOU.bJ from the 

other two main groups of British Culicoides species. 

The n"CLnber of papillae, however~ is of limited 

value as a diacnostic character, since it is seldom 

possible to distinguish all the terminal papillae, and 

the number of papillae differ not only between 

individuals of the sDJne species, but also between the 

horns of a sincle specimen. 

The presence or absence of small pointed or dentate 

scales and of transverse folds is another useful character 

for distinguishing groups of species. C. nivosus~ 

C. pycnostictus, and C. distinctipennis are the only 

species which po:Jsess scales as well as folds and thus 

form one group. A second group possesses annulated 

rings or folds only and includes C. pallidipennis and 

C. schultzei. Tho third group includes those s~ecies 

having small dentate scales but no rings or folds 9 viz. 

C. milnei and C. bed.fordi which have already been [':rouped 

together on the basis of horn colour. 

It was at first thoueht that the length of the horn 

would be a useful character to distinguish between ver-y­

similar species such as C. pycn~stictus and C. distincti­

pennis, as measurements of laboratory-reared s~ecimens 

showed considerable differences in horn lengths (Table 15)o 
However, raeasv..rement of the horns of specimens of these 

species collected in the field showed them to be of equal 

length, so that horn length a_pparently del_,ends on 

conditions in tl1e larval :medium. Unfortunately no field 

specimens of the other species were collected so that this 

co111parison between lal)oratory-reared and field-collected 

speciir.ens could not be extended. The examples above 

should, however, be sufficient warning not to depend on a 

comparison of 1aeasureliJ.ents for species differentiation. 
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Table 15. Avera~e lencths of Irothor~cic horns 

and antero-1narginal setae of 

Cu~~-S2ides ~:-up~. 

Species* 

Lab. -reared 

C. nivosus 

C. pycnostictus 

C. distincti11ennis 

C. L.Tlilnei 

C. }:Jallidipennis 

Co schl.;tltzei 

C. bedfordi 

Field-collected 

C. pycnostictus 

C. distinctipennis 

l·rotho.racic 

Horn ([l L 

267 

239 
161 

160 

160 

227 

139 

196 
205 

Antero-marginal 

seta (p.) 

54 
62 

54 
71 
94 
30 
51 

54 
54 

*g - 21 . d f h . S_i-'eclmens ilieas11re or eac specles. 

( 4) O:percu1"LLL.11. 

''The dorsUill of the head is occuyied largely ·by the 

"operctllum"? which is bounded by the arms of the ecdysial 

suture and therefore corresponds to the fronto-clypeus. 

The arms of the suture do not converge anteriorly, so that 

vvhen the ~tdul t emerges 9 the operculwr1 9 a convenient narne 

to retain, is sim~ly reflected forward, aa on a hinge, 

and returns more or less to its original _position after 

the adult has emerged. The anterior border of ·the 

o perculmn bears two large tubercles, whicr.:. each carry a 

single? large~ articulated seta. These are the antero-

mo.rginal tubercles". (Lawson 9 1951). 

A large area of the operculum. may also be covered 

with spines of sizes varying from minute ~rejections of 

the integmnent (spinules) 9 to long seta-like structures. 

Kettle 0c Lawson ( 1952) although recog;nizint, 

variations betTeen opercula of different groups, found 

differences between s~ecies within a group to be non­

significant? and were therefore reluctant to include 

characters of the opercula in their key to the 

identification of British bitinb midges. The fact that 
an unobstructed view required the operculrua to be 

dissected off, also detracted frolli its value as a 

taxonomic character~ 
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The writer is, however, inclined to agree with 

Linley ~ Kettle (1964) that, "when specific differences 

are being sought between a relatively small number of 

species that are not necessarily closely related, the 

operculum forms a useful character". 

A short description of the opercula of each of the 

seven species studied, follows below. The antero-

1narginal (a-m) tubercles anu setae will be discussed 

separately in the section dealing with head tubercles 

and setae. 

C. nivosus (Fig. 58)o 
S]~ines ranging from :::aedium to short~ sturdy, densely 

cover entire area posterior of a-m tubercles but absent 

from posterior q11Urter and between a-m tubercles. 

C. pycnostictus (Fig. 60). 

Spines short, sturdy, decreasing in size to minute 

rounded projections (spinules)o Spines cover most of 

the area posterior to a-m tubercles but are absent from 

posterior quarter. Spinules dre present anterior to 

a-m tubercles and sometimes between these tubercles. 

Field collected specimens similar. 

C. distinctipennis (Fig. 59). 

Spines of so.:me size and distribution as 

C. pycnostic_~us_ except that spinules are absent anterior 

to a-m tubercles. 

Field collected specimens similar. 

C. pallidiuennis (Fig~ 62). 

Spines very long and flexible of about equal size. 

Seldom more than 50 along lateral margins and posterior 

to a-m tubercles. Sometimes between a-m tubercles but 

never anterior to
1
them. Central area and posterior 

third of operculum bare. Spinules absent. 

C. schultzei (Fig. 63). 

O~ercullli~ almost rectangular in Ghape, not 

narrowing fradually posteriorly as in the other species. 

Spines short 9 sturdy, scattered over area well posterior 

to a-m tubercles espe ciall~r along lateral wargins. 

Absent from posterior sixth. Spinules abundant, inter­

spersed between the short spines 9 and _present between 

and anterior to the a-:m tubercles. 
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C. bedfordi (Fig. 61). 
Spines short, sturdy 7 scattered over area well 

posterior to a-m tubercles especially along lateral 

margins. Absent from most of posterior quarter 9 from 

smal1 central. re€.·ion and betvveen a-m tvbercles. Spinules 

absent. 

C. milnei (Fig. 64). 
Spines very short. S~arsely scattered along lateral 

margins and in median band posterior to a-m tubercles. 

Spinules present between a-m tubercles. Posterior third 

of operculum bare. 

From the above descriptions and figures it is 

possible to distinguish between the seven species studied. 

It may be noted that the first three species and 

C. bedfordi are very si~ilar and can only be separated on 

minor differences. For exruuple C. pycnostictus differs 

from C. distinctit_)ennis in having spinules present anterior 

to the antero-marginal tubercles. The other three species 

differ more markedly and are very easy to recognize by 

reference to Figures 62 to 64. 

( 5) Head T"L1bercles and Setae. 

The pupal head possesses two prominent dorsal tubercles, 

the antero-marginal and the antero-dorsal tubercles 9 which 

bear one and two setae 7 respectively. Ventrally there are 

two groups of two setae each, viz. the ventro-lateral and 

ventro-median tubercles. The positions of these tubercles 

and setae are shown in Fit,'ll:ce 50, while detailed drawings 

for each species are given in Figures 65 to 71. The 

nomenclature used in nwnint:, the tubercles and setL"te of the 

head and thorax is that ~roposed by Carteret alo (1920). 

The antero-rnarginal tubercles are situated on the 

operculwn (Figs. 58 to 64), and may bear a short stout seta 

as in C. schultzei, a mediwn length seta in most species, or 

a long thin seta as in C. pallidi ~Dennis. Generally a 

distinct setal socket is evident at the base of this 

tubercle. Average lengths of tl_ese setae are shov1n in 

Table 15 7 where it can be seen that laboratory-reared and 

field-collected C. pycnostictus differ siightly in setal 

length although C. distinctipennis measurements are 

identical. It would therefore be unsafe tc place reliance 

on exact ;neasurer11ents for differentiation of s ;_.e cies o 
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The antero-dorsal tubercles bear two setae sube~ual 

in lent:th.. These are very long in C. pallidipennis and 

C. illilnei, the longest setae being more than twice as long 

as the correspoDding setae of the other five species. 

The shorter setae in the two aforementioned species are 

always more than half the length of the longer setae, 

while in the other five species the shorter setse are 

usually half or less than half the length of the longer 

setae. 

Two thin setae sube~ual in len[th are present in all 

the species in the ventro-lateral position. 

Similar setae are present in the ventro-median 

position in all the species except C. pallidipennis where 

these setae cannot be discerned. 

The length of the setae of the antero-marginal and 

antero-dorsal tubercles can therefore be used to separate 

C. pallidipennis and C. milnei from the other species. 

(6) Thoracic Tubercles and Set2.e. 

In the anterior region of the prothorax there are two 

groups of small setae of very limited importance (Figs. 49 
and 51). The most prominent group is situated on the 

dorso-lateral tubercle, laterad of the base of the 

prothoracic re~piratory horns. Two or tl~ree small setae 

may be present but are not easily seen~ 

On the inner side of the horn base is a slight 

swelling normally be~1ring a single small seta and called 

the dorsa-median tubercle by Lawson (1951). In all the 

species studied only a single seta could be seen, and this 

only with difficulty& Both these groups are clearly 

illustrated in Fitures 51 to 57. 

On the dorsal ht:illlp of the thorax are a group of 

tubercles and setae called the "dorsals" (Figs. 49 and 

50 (dors. )). There are normally five setae or setal 

sockets and these are numbered and illustrated in 

Figures 72 to 78. The first two setae are prominent 

and arise from pronounced tubercles. The first seta is 

short and sturdy and similar in all the s_"e cies. 1rhe 

second seta, however, is very long in C. pallidipennis 

and C. milnei but short and stout in the other five 

species~ In this reapect they agree with the antero-

marginal and antero-dorsal setae discussed earlier. 

The third seta is very short in all species except 

C. pallidipennis, where it can hardly be made out. The 

fourth seta is long and slender in all species, and the 
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fifth seta is represented by an empty socket in all 

species. 

A markedly longer second dorsal seta can therefore 

be used as an additional character to separate 

C. pallidipeJ!nis and C. milnei from the other species. 

(7) Metathorax. 

The posterior margin of the scutellum is prolonged 

posteriorly in the mid-dorsal line and projects into an 

indentation in the anterior margin of the metathorax. 

Kettle & Lawson (1952) showed that this indentation 

divides the metathorax completely in almost all the 

British Culicoic~es sp:Jcies but has a different appearance 

in other genera of the same family. They used this 

character in their pupal key to separate Culicoides from 

other genera. 

In the seven South African Culicoides species 

studied, all have the metathorax divided dorsally by the 

scutellum and no great differences exist between species. 

This character is illustrated in Figure 49, which is 

representative of the seven species studied. 

(8) Fourth Abdominal Sep~ent. 

The abdomen is composed of nine segments. The 

ninth or caudai segment differs markedly from the others 

so that it will be considered separatelyc Segments one 

to eight may possess outgrowths of the integwnent called 

tubercles, which may or may not bear a seta. Lawson 

(1951) has shown segments one, two and eight to differ 

considerably in the nmnber of tubercles and setae 1 while 

segments three to seven have a fairly constant arrange­

ment. Carter et al. (1920) named five groups of 

tubercles according to their position on the segment. 

This terminology has been adhered to by all workers to 

the present day. These groups of tubercles are :-

dorsal antero-submarginal tubercles (d.a.s.m.) 

dorsal postero-marginal tubercles (d.p.m.) 

lateral antero-submarginal tubercles (l~a.s.m.) 

lateral postero-marginal tubercles (l.p.m.) 

ventral tubercles (vn.) 

Their positions are shown in Figure 82. Lawson (1951) 

took the fourth abdominal segment as being representative 

of all the sebments, and his lead has been followed by 

Kettle & Lawson (1952) and Linley & Kettle (1964). For 

the purpose of comparison therefore 7 the fourth segment 

of the seven species under study has been studied in 
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detail and lateral views are given in Figures 79 to 85. 

Small spinules are present on the anterior part of 

the fourth segment of all species. They may be very 

numerous and completely encircle the segment as in 

C. milnei (Fig. 79) or may be absent laterally and reduced 
to a few odd patches as in C. pallidipennis (Fig. 85). 

A spiracle can sometimes be made out as a circular 

depression situated antero-laterally (Fig. 82), but is not 

visible in all the specimens. 

The shape and nrunber of tubercles, the presence or 

absence of setae on the tubercles, and the form and length 

of the setae are important taxonomic characters. 

In most species the tubercles are rounded or may 

project slightly to form a blunt point or shoulder as in 

the l.p.m. tubercles of C. milnei (Fig. 79). In C. bed­

fordi, however 9 the l.p.m. and l.a.s.m. tubercles are 

prolonged into two spines with a seta arising from the 

centre of the fork formed ~y these spines (Fig. 83). 
Kettle & I1awson ( 1952) used this character to dis­
tinguish the c·. obsoletus group from the two other major 

groups of British Culicoide~ species. 

In six of the seven species studied, the number of 
tubercles in the positions named above is constant. 

However, C. pallidipennis differs radically in that the 

d. p.1no tu-bercles are reduced from the normal five to two 

(Fig. 85). This character is probably of considerable 

taxonomic value. 

A single seta is present on each tubercle except in 

the d.p.m. tubercles where the first three tubercles are 

usually naked. Sometimes a small spine is present on the 
first of these tubercles. 

The setae on the various tubercles differ in shape 
and length. These differences appear to be co@non to 

most species, e.g. the second l.p.m. tubercle always 

possesses a longer seta than tubercles one and three. 

This rule is not adhered to by Ce pallidipennis, however, 

where all setae are of almost equal length (Fig. 85). 

The posterior margin of each segment has a ring of 
pale closely packed nodules forming a wide border which 
is conooon to nearly all specieso c. milnei, however, 
differs in that the posterior margin has a mosaic or 

mottled appearance (Fig. 86). Kettle & Lawson (1952) 
noted this "crazy paving" effect in some British Culicoides 
species. 64. I ... 
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(9) Caudal Se@nent. 
When viewed dorsally under high power (x 620), the 

caudal segment shows a number of characters which can be 

of great value in identification. Kettle & Lawson (1952) 
in their study of 28 British Culicoides spp. used only 

the colour cf the tifs of the caudal spines in their key, 

and included the angle of the spines to the long axis in 

only some of their descriptions. Linley & Kettle (1964), 
however, found the features of the caudal segment to be 

quite useful taxonomically especially since "they are 

readily seen under low J:aae,nification without much pre­
liminary work''• In the present study the angle of the 
caudal spines was found to be of little or no value 

compared with other more obvious characters. A dorsal 

view of the caudal segment of the seven species studied 

is given in Fi[:ures 86 to 92. 

A broad ring of small pointed scales or spinules 

encircles the anterior end of the caudal segment of all 

the species. C. pallidipennis differs slightly from 
the other six species in that the scales are restricted 

to one or two rows (Fig. 89). 

Small pointed scales are also found dorsally confined 

to a patch or to rows in the centre of the caudal segment 

in five of the species but are absent in c. nivosus and 

C. schultzei (Figse 88 and 87). In C. milnei scattered 

scales connect this central patch with tte anterior rows 
described earlier (Fig. 86). In c. pallidipennis large 

scales are arranged across the centre of the caudal 

se~nent to form a single or double row (Fig. 89). 

The tips of the caudal spines are darkly pigmented 

or sclerotized in all seven species, and one or two 
sensillary sockets are present at the base of each spine. 

The dorsal surface of the caudal spines of six 

species is covered to a greater or lesser extent with 
small scales, but these are absent in C. "£1allidipennis. 

In the eighth segment anterior scales are present as 

in the caudal segment, but these are never very large and 

the rows of scales may be broken in places. In C. milnei 

scattered scales extend backwards on the dorsal side 

almost as far as the bases of the posterior tubercles. 

This seg1nent is otherwise very similar to the fourth 
abdominal seghlent. 
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(lC) Key to FUfae. 

l. Tip of prothoracic horn darker than rest of 

horn (Figs. 51 to 55). 2 
Entire prothoracic horn dark brown 

(Figs. 56 and 57). 

2.(1) Small dentate scales and transverse folds 

present on prothoracic horn (Figs. 51 

5 

to 53). 3 
Annulated rings or transverse folds 

present on prothoracic horn. 

absent (Figs. 54 and 55). 
Scales 

3.(2) Very small dentate scales absent from 
central dorsal area of caudal segment 

(Fig. 88). 
• ••..••••••.•• C. nivosus 

Very small dentate scales present on 

central dorsal area of caudal se@nent 

(Figs. 90 and 91). 

4. ( 3) Spinulos on operculll.ll"l present anterior to 

antero-rnarginal tubercles (Fig4 60) • 

• • • • • • • • • C. pycnostictus 

Spinules on operculum never anterior to 

antero-rnarginal tubercles ( Fit2:. 59) • 

•••••. C. distinctipennis 

5.(1) Lateral papillae on prothoracic horn 

absent (Fig. 56). 

C. milnei 

Lateral papillae on prothoracic horn 

present (Fig. 57). 

C. bedfordi 

6.(2) Small dentate scales present on central 
dorsal area of caudal segment 

(Fig. 89). 
• ••••••• C. pallidipennis 

Small dentate scales absent from central 

dorsal area of caudal segment 

(Fig. 87). 

. •........•• C. schultzei 

6 

4 
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4. CONCLUSIOHS 

Within th6 limited number of Culicoides species 

studied it has been possible to find sufficient characters 

in both larvae and pupae to be able to identify each 

species after suitable preparation and mounting. Whether 

the same characters will enable the identification of 

further species remains to be seen, but some combination 

of the many characters studied should make this possible. 

Certain characters which have been used by other 

workers were found to be of little or no value in 

identification, e.g. head ratio and anal papillae in 

larvae, and pupal colour and angle of caudal spines. 

A few new characters were found to be useful as con­

firmatory characters. These included a comparison of 

lengths of the head and setae on the head and body. In 

one instance the post-occipital ridge was found to be 

very distinctive as well as the shape of the larval 

eye-spots. In pupae, comparisons of setal lengths on 

head and thorax, and the presence or absence of small 

dentate scales on the central area of the caudal segment 

and on the caudal spines, were useful new characters. 

Although features such as larval pigmentation, head 

colour, pupal horns, etc. are fairly easy to see in an 

unprepared specimen, they can only be used to place the 

specimen into a group. Accurate identification will 

depend upon a careful study of mounted specimens under 

high power, and for larval setae and epipharyngeal studies 9 

oil in@ersion is necessary. 

5. SU1VlMAHY 

Almost no work has been done on the morphology of 

the larvae and pupae of Culicoides midges in Africa. 

This study on the fourth insto.r larvae of eight _Culicoides 

species and of the pupae of seven species is intended as 

a foundation for further studies. A search has therefore 

been made a.nlon£.· the i:lany morphological characters for 

those of possible taxonomic value. 

The fourth instar is the larval instar which lends 

itself most to morphological and taxonomic study. 

Characters studied under low magnification included head 

colour, shape of eye-spots, the presence or absence of 
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pigmentation on the neck and thoracic segments, larval 

length, head length, head breadth, width of oral ring, 

and others. Many characters could only be seen under 

high magnification which involved careful preparation 

and mounting on slides. Characters found to be of 

possible taxonomic value were the epipharyngeal 

skeleton (made up of a number of toothed combs and a 

hypopharynx), the mandibles, and the ratio of the length 

of head setae to head length. This was extended to the 

remainder of the body where the lengths of setae on the 

anal segment and prothorax were compared with those of 

the head. A tentative key to the eight species studied 

is included. 

Pupae were somewhat more rewarding· to study since 

once suitably mounted they provided many clear 

characters which could possibly be used in identification. 

These included the prothoracic respiratory horns, the 

operculum, tubercles and setae on the head, thorax, and 

abdomen, and characters of the caudal segment. It was 

thus easy to draw up a key for the identification of the 

seven pupae studied. 

This study is divided into two parts. Part I 

deals with the biology of some Culicoides species found 

in the Onderstepoort area and includes investigations on 

the life-cycle in the laboratory, breeding sites, hours 

of activity, seasonal abundance, and variation in species 

abundance. In most of these studies extensive use was 

made of a suction-type light trap. 

For morphological studies the larvae of c. pallidi­

pennis, C. pycnostictus, C. distinctipennis, C. nivosus, 

C. schultzei, C. milnei, C. bedfordi, and C. magnus were 

reared in the laboratory, as were the pupae of all these 

species except C. magnus. Laboratory observations on 

the life-cycles of the9e species showed .-

(1) The average period from egg to egg for all species 

is 25 days at ~ 72°F. 

( 2) Eg·gs hatch while submerged and larvae survive 

immersion for more than six days. 
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S\::.C 
(3) I~pae of ~s 8~ species float on water and adult 

emergence is unaffected. Pupae of C. pallidipennis 

drown. 

(4) Low temperatures adversely affect egg viability but 

have no effect on larvae. 

the larval stage. 

Culicoides overwinter in 

(5) Four of the eight species reared flourished on a 

bovine manure/soil medimn. C. pallidipennis did not. 

Field observations and light trap catches revealed :­

(1) Many species breed in manure-polluted mud and in 

marshy areas. 

(2) The main breeding site of c. pallidipennis is still 

unknown. In 1950 C. pallidipennis was found breeding 

in moist kikuyu grass-covered areas. 

(3) Culicoides are most abundant between 9 p.m. and 5 a.m. 

when humidity is high and temperatures comparatively 

low. 

(4) Culicoides are seldom caught in June, July, or early 

August due to low winter temperatures. As tem­

peratures rise so the catch increases. 

(5) Each year in January or February there is a sudden 

threefold to elevenfold increase in catch, these 

nwnbers being maintained until the winter drop. 

(6) Three theories relating this sudden increase to 

rainfall have been tendered. 

(7) C. pallidipennis and C. schultzei have one peak of 

abundance occurring between February and April. 

(8) C. nivosus, C. pycnostictus, and C. distinctipennis 

have an early peak in November or December and one 

or more later peaks between February and April. 

(9) C. pallidipennis may constitute up to 97.4 per cent 

of the Onderstepoort catch. Theories relating catch 

to rainfall thus apply to C. pallidipennis as well. 

Part II deals with the morphology of fourth instar 

larvae and pupae of Culicoides. Under x50 magnification 

larvae can be identified or sorted into groups on the 

basis of head colour, shape of eye-spots, presence or 

absence of pivnentation, and its distribution. Under 

high power, characters such as nw11ber and size of teeth 

on the dorsal comb of the epipharynx, shape and width of 

comb, head measurements, ratio of setal lengths, and 

structure of the hypopharynx can be used. 
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After suitable mounting on a slide 9 pupae can be 

identified using characters of the protho~acic res­

piratory horns 1 o:percula 9 caudal segments, and the 

tubercles and setae on the head, thorax, and abdomen~ 

Keys for the identification of fourth instar larvae 

and pupae are presented. 
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Fig. 2 Culicoides sorting chamber. 
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Graphical presentation of 
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rainfall, and maximum and 

minimum temperatures, at 

Onderstepoort for the period 

lst June, 1963 to 

31st May, 1966. 
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Fig. 4 Graphical presentation of the seasonal 

abundance of five Culicoides species taken 

in light traps at two localities during 

1965 - 1966. 
Solid line represents "Onderste:poort" trap. 

Broken line represents "Kaalplaas 11 trap. 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



Dorsal vievr of fourth ins tar Culicoides larvae. 

Fig. 5 c. distinctipennis. Fig. 9 Cc milnei. 

Fig. 6 ~ycnostictus. Fig .. 10 c .. ma~nus. 

Fig. 7 c. niVOSUSc Fig. 11 c. bedfordi. ----------------
Fig. 8 c. schultzei. Fig. 12 c. EallidiiJennis. 

1, "lateral body" n, "neck". 
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ANT. 

MND. 

13 

FR.CLYP. 

...... 
....... 

_...,.. L.A.EPI. -~ ....... ""'"' 

--L.A.HYPO. 
~ 
~ 

~ 

'E Pl. 

14 TR.HYPO. 

Diagramatic views of heads of fourth instar Culicoides 
larvae. ----------

Fig" 13 
Fig. 14 

Dorsal view. 
Lateral view. 

ant, antenna; ant. hypo, anterior hypopharynx; 
epi, epipharynx; f.s, frontal suture; fr. clyp, 
fronto-clypeus; l.a.epi, lateral arms of epipharynx; 
1. a .. hypo, late1·al arms of hypopharynx; lb, labrum; 
mnd, mandibles; p.ocr, post occipital ridge; 

p.o.s, post occipital suture; sal.d, salivary duct; 
sg.b, subgenal band; tr.hypo, trough of hypopharynx. 
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SO)L 

FigsD 15 to 22 - Lateral view of mandibles of fourth 
instar Culicoides larvae. 

Fig. 15 - c. pallidipennis. Fig. 19 - c. milnei. 

Fig. 16 - c. distinctiEennis. Fig. 20 - c. ma~nus. 
Fig. 17 - ~ycnostictus. Fig. 21 - c. schultzei. 

Fig. 18 - c. nivosus. Fig. 22 - c. bedfordi. 

Figs. 23 to 24 - Hypopharynges of fourth instar 
Culicoides larvae. 

Fig. 23 - Hypopharynx representative of all species 
except C. schultzei. 

Fig. 24 - Hypopharynx of C. schultzei. 
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25 

29 

25)1 

Ventral view of epipharynges of fourth ins tar 
Culicoides larvae. 

Fig. 25 - c. pallidipennis. Fig. 29 - c. schultzei. 

Fig. 26 - c. distinctipennis. Fig. 30 - c. bedfordi. 

Fig. 27 - Co pycnostictus. Fig. 31 - c. milnei. 

Fig. 28 - c. nivosus. Fig. 32 - c. magnus. 
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100 n 
,,/*4 

Dorsal view of heads of fo~rth·instar Culicoides 
larvae. 

Fig. 33 - C. bedfordi. Fig. 34 - ~allidi~erillis 

Fig. 35 - C. magnus. Fie. 36 - c. milnei. 
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Dorsal view of heads of fourth instar Culicoides 
larvae. 

Fig. 37 

Fig. 39 

C. schultzei. Fig. 38 

C. pycnostictus. Fig. 40 

C. nivosus. 

C. distinctipennis. 

f.s, frontal suture; p.o.s, post occipital suture. 
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I 00 r.t 

/ 

Ventral view of heads of fourth instar Culicoides 
larvae. 

Fig. 41 

Fig. 43 

C. bedfordi. 

C. magnus. 

Fig. 42 C. pallidipelli~is. 

Fig. 44 C. milnei. 

a.p.o.r, anterior projection of post occipital ridge. 
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Ventral view of heads of fourth instar Culicoides 
larvae. 

Fig. 45 

Fig. 47 

C. schultzei. Fig. 46 

C. pycnostictus. Fig. 48 

C. nivosus. 

C. distinctinennis. 
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Fig. 49 

Fig. 50 

·········~. rr •. 

··dors. 

seg ···········-········· j-\'"( 

50 

Dorsal view of Culicoides pupa. 

Lateral view of Cu.licoides pupa. 

---sc ut . 

.... '····I'Att h. 

ant.d, antero-dorsal tubercle; ant.m, antero-marginal 

tubercle; d.l, dorso-lateral tubercle; dors, dorsal 

tubercles ("dorsals"); 4th abd. seg, fourth abdominal 

segment; mtth, metathorax; op, operculum; 

p.r.h, prothoracic respiratory horn; scut, scutellu~; 

v.l, ventro-lateral tubercle; v.m, ventro-median 

tubercle. 
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t.s.p. 

\ 
\ 

' 

IOO/ 

Prothoracic respiratory horns of Culicoides pupae. 

Fig. 51 c. nivosuso Fig. 55 c. schultzei. -----
Fig. 52 c. distinctipennis. Fig. 56 c. milnei. ------
Fig. 53 c. pycnostictus. Fig. 57 c. bedfordi. 

Fig. 54 c. Eallidipennis. 

d.l, dorso-lateral tubercle; d.m, dorso-·median tubercle; 

l.s.p, lateral spiracular papillae; l.t, lateral 

tubercle; t.s.p, terminal spiracular papillae. 
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Gnt.m. 

.. 
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.._ ... " 
A :. •.: .. ~ ~ . ~ 

'• 

64 

Dorsal view of opercula of Culj_coides pupae. 

Fig. 58 c. nivosus. Fig. 62 c. pallidi:pennis. 

Fig. 59 c. distincti:pennis. Fig. 63 c. schultzei. 

Fig. 60 c. p~cnostictus. Fig. 64- c. milnei. 

Fig. 61 c. bedfordi. 

ant.m, antero-marginal tubercle. 
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. . . . -. . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
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67 : 

V.I. 

ant. d. 

't' 
v.m. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
69. -y- ~ 

~I 

68 

70 

• • • • • • • • •••••••••••• f 

~ 
71 

A 
v.m. 

ant. d. ., . I. 
ant. m. 

Head tubercles of Culicoides pupae. 

Fig. 65 - c. pallidipennis. Fig. 69 - c. pycnostictus. 

Fig. 66 - c. milnei. Fig. 70 - c. bedfordi. 

Fig. 67 - c. distinctipennis. Fig. 71 - c. schultzei. 

Fig. 68 c. nivosus. 

Lettering as in Figs. 49 and 50. 
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/ 
@ 76 

@ 

78 
77 

Thoracic dorsal tubercles of Culicoides pupae. 

Fig. 72 - c. pallidi uen-."tlis. Fig. 76 - c. ;2;vcnostictus. 

Fig. 73 c. nivosus. Fig .. 77 - c. bedfordi. 

Fig. 74 - c. milnei. Fig. 78 - c. schultzei. 

Fig. 75 - c. distinctipennis. 
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l.p.m. vn. 
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84 

Lateral view of fourth abdominal segments of 
Culicoides pupae. 

81 

83 

•""v ~ .. t. t 

.Py"{ 

85 

Fig. 79 - c. milnei. Fig. 83 - c. bedfordi. 

Fig. 80 - c. nivosus. Fig. 84 - c. schultzei. -------
Fig. 81 - c. distinctil)ennis. Fig. 85 - c. pallidipennis. 

Fig. 82 - c. pycnostictu.s. 

d.a.s.m, dorsal antero-submarginal tubercles; 
d.p.m, dorsal postero-marginal tubercles; 

l.a.s.m, lateral antero-submarginal tubercles; 
l.p.m, lateral postero-marginal tubercles; 

sp, spiracle; vn, ventral tubercles. 
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CAUDAL 

SPINE', 

SENSILLARY 
SOCKET --

Dorsal view 

Fig. 86 c. 
Fig. 87 c. 

Fig. 88 c. 

Fig. 89 c. 

86 

88 

90 

of caudal segments of 

milnei ~. Fig. 

schultzei ~. Fig. 

nivosus ~. Fig. 

pa.llidipennis 6'. 

Culicoides ------·- pupae. 

90 c. pycnostictus ~-
91 - c. distinctinennis 

92 - c. bedfordi 6'. 
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