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Blood~sucking miages of the genus Culicoides are

found througnout the world, about 300 species having
so far been described (Arnaud & Wirth, 1964). They
are commonly known as "biting midges" in most parts of
tiie world and as '"sand-flies™ in the central Americas

and U.3.A. They are also called "punkies'", "no-see-
vas ", "moose~flies", "gnatvs" ana "jejenes" in other
parts of the world (Wirth, 1952).

Their importance stems from the blood-sucking
habit of the remales. This has been the cause of
extreme ammnoyance and irritation to man in many
countries especially along the Atlantic seaboard of
southern United States (Dove, Hall & Hull, 1932) and
the Highlands of Scotland (Hill, 1947). In these
instances retorded economic develoopment and adverse
effects on tourist trade have been attributed to these
nidges. Receutly in Salvador, 3Brazil, widespread
cases of a skin reaction called "dermatozoonosis" have
been sihown o be caused by the bites of C. paraeunsis
(Goeldi) (8herlock & Guitton, 1964, 1965).

Culicoides spp. have also been shown o be in-

volved in the transmission of five species oi filarial
worms in man, horses and catuvley; Lfour species of

|.|

protozoa in birds and monkeys; five virus diseases of

sheep, horses, cattle and man (Kettle, 1965); and an

allergic condition of horses known as Queensland ILtch
(Riek, 1954).

IZxcept for the transaission of microfilariae, all
the discoveries of diseases transmiivted by Culicoides
spp. were made during the last 22 years, Prior to
1944 Culicoides were wainly of taxowmomic interest and
studies on their bioloygy were restricted to Those

U
2

yecies of nuilsance value and to the itransmitters of

S
filarial discases. Since Du Toit's discovery in 1944
that Culicoides spp. are the vectors of bluetongue

virus in sheep and horsesickness virus, these midiges
have receiveu increased world attention as potential
disecase transmitters, with o correcsponding increase in

studies on tuelr baxonomy and biology.
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The identity of South Africa's Culicoides spp.
was clarified by ¥Fiecdler (1951), and Caeiro described
C. gulbenkiari in 1959, bringing the total to 22 species.

Some of these spcciles occur bhroughout aifrica while one

gpecies viz, C, schultbtzel Enderliein is also found in

India, Japan and recently in parts of Australia
(A.L. Dyce, 1967 - wnersonal commnication).

To date 1ittle or no information cxists on the
biology and immature morphology of South African
Culicoides spp. other than bricf and scattered references
from other paris of airica, or incomplete pupal des-
criptions usuwally bascd on a single exuvia from which the
identified adult had cmerged. A thorough study of tho
many aspects making up tie biology of a species as well
as a complete morphological study of the immaturc stases
of these snecies is ncceded, Thercliore. This is a very
large task winicir cannot be accomplished in a few ycars.
The following treatise will ateempt to consolidate
existing published and unpublished observations and will

be supplemented with the writer's own studics., It is
hoped that this study will contribute to a clearer

understanding of the role pleyed by these biting midges
in the transmission of bluetonguce and horscesickness
) 1 o

viruses, and verhaps other discascs, the transmission of
which has still to be explained satisfuctorily.

Since the investigations cover two widely differing
aspects, ramely biology and morphology, bthey will be
dealt with scparately as Part I and Part II,
respectively.

The writer wishes to thank Prof. J.J. Matthee,
Prof., R,M. du Yoit, Dr. Gertrud Theiler and
tr. X.P.N, Klcynhans for thelr helpiul criticilsm of the
manuscript. Tor technical help many thanks arce due to
Mesoers., DJW. du Plooy, X.B. Weber, I.C., de Lange and
Miss K. Roos. The writer is alsco indeblbed to the
phogographic section at Onderstepoort, cspecially
Mr, A.M. du Bruyn, for phobtographs of drawings and

graphs.
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E@RT I Biologicual Studics On Somc South African

Culicoides Speccics.

1. I1LTRCDUCTICI

The importonce of biological studics on Culicoides
species has recently been realized in most parts of the
world cspecially tloae wnere Cuiicoides wre of importance

os vectors of discasc organisms or wheorce Ghey arc of

nuisance value. In Africa, however, very fow studies
have been made on their biology. Corter, Ingram &

Macfie (1920) were the first to make obscrvations on bthe
biology of African Culicoides species but until recently
no otheér worthwhile attempls have been made.

In 1961, Nugaty and Morsy started taxonomic and
oides in Bgyplt, but their
een limited (1961, 1962).

biological studies on Culico

observations have (o date

o’

Since 1944 when Du Tolt showed Culicoides spp. to
be the vectors of bluetongue discase o sheep and African
horsesickness, many observations have been made at
Cnderstepoort on the biology of thosce midges but these
hove never becn published, and aldhough seaso
variation in Culicoildgs mumbers has been noticed yesrly,

it hos uvwntil reccently never becen measured,

The following treatise on bthe biology of Culicoides
gpecics consists of a thorough study by the writer of

five main asvpecets of Culicoidgs biology at Oanderstepoort,
These include gtudies on the life-cycle, breeding sites,
time of flight, secsonal abundance and variation in
abundance of various specices throughout the year.
Informaition gained from cach of those aspecls tends €
sunplement the cthers so that eventually an overall

picture of the biology of Julicoides may bve formed.

A 1list of Culicoides species found in South africa

C, engubvandei De

C. schultzel pndericin

C. nivosus De lzillon

C. cornutus Dc WMeillon
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C. puncvithorax Carter, Ingram andi lacfie

C. nigrivennis Carter, Ingram and Macfie

C. pycrnostictus Ingram and Macfie

C, distinctipennis Austen

C. accracnsis Carter, Ingram and laciie

. oriodendroni Corter, Ingram and HMaclie

,

¢
C. neuvel Austen

C, onderstepoortensis Fiedler

C. vedfordl Ingram and Macfie

C. dutoiti De Meillor

C. babrius De Meillon

C, gimilis Cardber, Ingram and Mucfic
C. milnei Austen

C. palliaipennis Corter, Ingram and Iocfic

C. hirtius D¢ Meillon and Lavoipisrrc

C. gulbenkicni Coeiro

The speciles which received most wtltention were
those which ~re the mozt abundant at Ondcrstepoort or

which were reared in the laboratory viz.

C. pallidipenuis, C. oyencsticius, C. distinciipennis,
C., nivosus, C, gchultwei, C, milnei, C, maunus oand

' S b ool Ol S crmitrl 0 cshpduiird)
C. bedfordi, althousgn observitions on some of The less
PSRl vt ndbuihend (4

1
abundant spocics have been included in sbudles on

breeding sites.

© University of Pretoria
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2. MAYERIATL AND IEBETHODS

Most of tho investigoations depended upon a constint
supply of wild-cought Culicoides midges., A suction-
& p of similar design to the modified New
light trap used by Du Toit (1944) was operwted
nightly over the last threc yoors, 1963 to 1966 (Fig. 1).
Insects werce attrocted to o 100 watt clectric globe fixed
beneatihh the 44 izch long cylindrical trap. A strong
upvicrd drought of air was created by a large extractor
fon mounted in the top of this cylinder and all insccts

were caught in an organdic-—coverod cage interposed between
the light and the fan. This cage had a wooden framce and

I
wos fitted or one side with glass or perspex through
which the cateh could be clearly scen and, using an

spirator, all Culicoides midges werc romoved via &
sleeve over the inletw.

s

The trap was suspended threce feet above the ground
under o large "wag-n-bigtjic" tree (Zigyphus sp.), the

trec '";Ldlﬂb about 10 yaras from o long open stable
normally housing 35 mulcs and 11 horscs at night. This

=1

vogition wos found by Prof. R.M., du Toit (personal

o<£L
()

communic;tion) to be the best sitve ot Onderstepoort for
tropping Culico . A similor trop situnted only

50 yardg from this positioa was found by the writer to
catch only onc Third as many midiges.

(b) Laborotory Studics on Life—-cycle

(1) OQviposition.
Tive wild-~cuught Culicoides were fod on the shaven

car of o reboit. The cage holding the midges wos
darkened except for o small arcea of light on the rabbit's
car, Since midges are atbturacted to light under those
conditions, bthis served to concentrate thelr nuwnbers in
thie vicinity of the car. In this way approximately 50%

would Teed aftcr two hours although mony dicd, presumably

due to dcesicecation and injury couscd when large numbers

SNACICAN

g

are concentrated in o small

s

The living midges wore Tl

v

i removed with an

H

arbon dioxide (COp), and

Q

aspirator, ancesthetized with
transferred to a sorting-chomber madce of nerspex ond
gloss (Fig. 2). Here they could be kept anacstvhetized

for up to holf an hour by o slow Iflow of COp through the

4o/ ...
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chamber, Thig chamber was designed to fit under a
dlbsoctlng microscopce s¢ thot the various specics of
Culicoides could be identified whilc alive. Erigorged
spccimens of diifrercut specics woerc thon removed by
:5p1r,tor to scporste tubes ror cgg-laying.

Thesc tubes were 2 x 1% inches in size with =2
3/4 inch loyer of tamped-down moist cottboen weol. Tvro

loycrs of Tilocer paper, oxactly 1itting thesce tubes,

:

were placed on the coutton wool., This provided an even
surfacce o which c¢gis could be laid and reduccd the
danger of wings becunming stuck to wet surfaces., The

tubes were then held in o horigontal position and from
v

one to twenty-five anocsthetized femaoles of a single
specics were placed on the dry glass sidoes. This

provented thelr wings from adhering to the moist filter
paper during their subscquent struggles on recovering

|

from anacsionetizotion., At the same tioc the tubes werc

stoppered with cotton wool, and alter rcecovery of the

adults, about five minutes loter, the tudes were placcd
‘ - . O . s

crect andg held in o room at 72°F for ovipesiicion,

(2) Larvoe and pupac.
Glass ncecdle=-boxes 31/4 inches in diamcter by

2l/s inches deen with a Lloos

iC
z1lass top were uscd To

("1

e g
reor Gthe larvace ¢f cach species
of Joncs (1960), sifted

bevine dung were thoroughly mixed im tac ratio 2:1 to
nelf-fill the c

o slope of cbout 457. Tap water wasg z2dded slowly until

. Following the method
o

[

501l rich in hunus and fresh

C]

cntainer and wos tamped down to provide

the medium wog thoroughly wet and free wabtor extended
half wiay up the slope. In this way larvace could choo

Lo

the correet ouncunt of moisturce te suit theilr requircmonts

-

BEggs loid on the filter paper in the cgg laying
tubes were added to the larval medium by placing the
filter paper diges with onc cdge submerged so that the
paper roemained very moist ond thus cgsistoed
emergyes lirvee in gaining the larvael medium proper. It

was seldom neccessary to add mure water as little

cvaporution took place. Scmetimes an "oily" film would
form on the surface of the woter and this wos removed
.

with tiswuc or Filter paper, immediately 1t was noticed.,

Pupac were recovercd from the modiwa by flooding

*o

which causcd them tou wriggle oul of thelr positions in

the mediunm a2nd tu float to the gurfice wherc thcy were

© University of Pretoria
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moved by means of a suction tube. Hany larvae were
alzo recoverd in this wey but for almost compleve
recovery ol lurvae it was necessary to make use of The
method originally described by Ladell (1936) (cited by
Kettle & Lawson, 1952). in this method the larval
medium was first washed thirousgh 1C and 20 meslh gieves
to remove very large particles and then through a
100 mesh sleve wnilch retained all larvae and pupae.
These were subsequently floated in a saturated solution
of magnesium sulphate, removed to clean water using a
suction tube, killed in hot water and preserved in
70 per cent ethyl alcohol for later morphological
gtudies.
Obuservations on the life-cycle made while rearing
the various Culicoides species, as well as certaiu related

minor experiments, will be discussed later, but it must

be emphasized that & thorough study of the life-cycle of
the various Culicoides species was not the aim of this

._.-...

investigation.

(c) Breeding Sites.

To determine the sivuation of vreeding sites, two
nethods were adopted. These consisted of the usce of

»

0
emergence cageg placed over the suspected breeding area,
and the removal of breeding mediun to cages for euwergence

in the laboratory.

The emergence cage Mmosi commonly used was designed
and used Yy Dr., C.G.H. Fiedler and Dr., #d.0I, du Toit in
1949 (unpublished data). I: consisted of a wooden
Iframework 14 x € x 9 dinches covered with organdie. Two
sheets of zlass converged invernally so that they Torued

a non-return routbte to the org.undie-covered secision of the

cage. Midges were rewmoved from this secvion throusi a
sleeve at one end oi the cage. The lower edge ol the

cage vas fitted with & three iunch metal "skirt" winich
could be nusihed iuto the soll of the suspected breeding

)

site., This anclicred the cage and also prevented escape

4y

beneath the edles.

Bxperience with tliese cages Las shown that they are
1ot ideal as tae sluass non-return secuvion is not al-
together proof against return of Tthe midges to the soil,
and they are expenlsive and cuabersonme. 1t is suguesved

therefore that future investizotbtiociis or breeding sites

P

should make use oi the trap recently described by Davies
(1966). Emergence cages slaced im gitu have the

6v/ooo
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Seasonal Variation in Culicoides Abuandance.

The Culicoides catches from the light-trap described

e
Fb,
®
H

c
above were recorded daily from 1963 to 1966.
removing the midges from the cage bhey were killed with
ether vapour and unwanived insects were removed. it

there were less than 1,000 Culicoides they were counted

directly uvnder o sbtereo dissectbting microgcope 1L more
than 1,000, the midges were weighed in grams to four
deciwzal places and by cowmparison with the weight of a
counted number of midges, normally 1,000, their numbers
could e calculated, garly in ® n (3cptember to
December) a high propor iea such as

tipeiunis are present, but

rti I
C, pycnossicius and C. gistiho
as the season prozregses aud the perceniaze of small

3es
s (mostly C. pallidipennig) increases, the welght

1 1,000 midges alters. This was taken into account by

repeated checks of sample welghts Throughout the season,

Rainfall and temper.ture records for this period
were obtained Irom the metcorological station at Onder-

stewnoort in order tovcorrolate scasonal verictions in
L
G

-

Culicoides abundance wit. wegther counditions wiacre

pousible.

From Novewber, 1905 carcful daily recor werc kept
of catches from & similor Trap at the farm "Kaalplaas™
ncarly four wiles from Cnderstepoort. In gdditiocn to
being run as a farm, "Laaliplows" 15 also & nagure reserve

e

of neurly 3,C00 morzen of bush-~covered hills and open

veld. The trap was situaved at & point where the 1igsnt
could be seen from btne nearcst hillock about 100 yards
0 i

U
away and near gsome paddocks used on occesion for castle

0y horses. These surroundings would apvear o be more
natural than those near the Cuderstepoort Light trap
where buildings and camps housing large concentrations of
fowls, horses, pigs, shecp and cavsle are to be found.

A comparison of catches from Tihese TWO areas was most

enlightening therefore.

(f) Seasonal Variation in Culicoides 3pecies.

As previously wentioned Gthere are approximately
22 Culicoides spp. preseut ot Onderstepoort. These
species are not all present at the same time of the year
and although many species may be present throughout the
summer sSeason bhey are @Wore numerous ai certain tiumes,

e/ ven
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To determine those times 1t was necessary to take
regular samples of the 1ignt trap catches and to
identify all the species vresent. A sample of between
500 and 1,000 specimens was preferred bubt if less than
500 then the entire ca

u
stepoort catelr was analysed at 1

&
6]
—
cf
]
(@]
®
Qo
b
(6]
(6]
(&)}

between August, 1965 and May,
nil catches) and similar analy

"Kaalplacs" cateies from November, 1965 onwards.

Tdenvifications were madc using the ey drawn up
by Fiedler (1951) and Caeciro's (1959) descripbion of

C. gulbenkiani.

3. DISCUSSION _OF HZSULES

(a) Lavoratory Studies on Life-cycle.

s

(1) Prcoviposition weriod.

On nwnerows occasions wiien large number. of ezgs

<
(@]
o5

+
¢,
¢

‘

S
<t
o)

werc required Tor abtrvempts colony, a thousand

n

or more wild-caught midges, mostly C, »nallidivennis,

were Ted om & Tabbiv's car and provided with moist
- . - ) O ; ,
Tilter paper on which to lay ezas. At 727F and about

45 per cent R.JH. most epzs were lald taree to four days

o 1 . . e i O .
after the blood-—imcal, wuile at B07F eigs were lald afterx

twe days. This meriod was not determined for individual
species.

(2) Zees.

Ore batch of ezgs is maturcd for each blood-meal
taken (Kettle, 1962). By soudying llicular relicts,
Gluchova (1958) (ci- ) has shown that

up to four batches ol in nature by

C. grisescens Bdwards. The isclatved syeoimens uged in

the presens studies never laid more than one batch of

.

es5s, however, since they either died lmmediately after

esy laying or would not feed again.

Sogs of the various speciles varied in colour from
light to very dark brovwi, bul this colour ulffercnce was
not consistent in every speciss. The epszs are nornally
laid in a double row resembling footpric They arec

sausae~—-shaped” being about 400 i long ant 50,u wide.

© University of Pretoria
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To detvermine the number of eggs each female is
capable of leying in one babtch, the eges were dissected
from females three days after engorging on blood, or
the nmumber of eggs oviposited by a female were counted
ard to these were added unlaid eggs removed by
dissection in digtilled water.

The number of eggs varied considerably betiween
apecies but also between individuals of the same species
as can be seen in Table 1.

Table 1. Number of eggs lald in a single babch

by Culicoides spp.

P : Numbexr of Number of Average

SERELES Teuales B [female
C. pallidipennis 9 41-56 69
G, nivosus 9 126-264 162
C. distinctipennis 6 106-2306 140
C. pycnostictus 3 g1-126 11¢
C, milnel i 93 93
C. schultzel 1 g2 92
G. bedfordi 1 122 122
C. ravus 1 118 119
C. babrius 1 70 70
C._magnug 1 142 142
C. gulvenkiani 1 55 55

At a temperature of 70 to 75%F +the incubation period
for C. pallidipennis, C, distinctipennis, C. Dycnostictus,
C. nivosus and C. milnei was three days and four days for

C. magnus. Mogt of these periods were determined for

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

in the case of C, wmallidipennis where thousands of eggs

from hundreds of females were observed.

To test the effect of desiccation on Culicoldes eggs
a mixed population of wild-caught Culicoides were allowed
to lay egge on moist filter paper over a period of three
days so that eggs of all ages from newly laid to thos
about to hatch were present, Iritially very slow
desiccation was attempted by slowly drying out a moist
pad of cobtton wool on which the filt r paper with the
eggs rested. This was done at 30 OF and 85 oer cent

exgs 4o not gradually

R.H., It was found, however, that
collapse as the paper dries oub, but remain turgid and

10. /
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normal until thc paper iz completely dry witen they then
coilapse. Slow desiccation thus seems impossible as
eggs apuarently only require 100 per cent R.JH. in order

to remain bturgid. Thereafter only the filter paper discs
of eggs were dried at 85 per cent R.H. After drying

for a few hours most of tiie eggs nad collapscd. About
one per cent were gtill turzid and these did not collapse

on further drying. On imnmersion in water these turgsid

cggs hatched wiille those waich collapsed never rcecovered.
This sugsests vhat in nature nmost egge will survive

a are in a saturatew atmosphere and
should further drying take pluce a few egys way sbill
survive o give rise 10 a new generation when sultable

conditions return.

It is appreciated that more detail and exact

ies such as those by Parker (19 O) onn bhe ecggs of
Scottish midges, arc powsible, but this was not the aim
of the present =tudy. Parker found that most speciles

could not survive 48 hours desiccation and that the age

of the egg also afected its ablility o survive
degiccation, Tarker, however, made use of a calcium

chloride desiceator which cannot be compared with the

conditions of the above experiuen

]
caught Culicoidcs spp., wostly C.

wallidipennis, were
immersed 1n water, Hatching started soon after
imlersion and contirnued until wost of the e.gs had
hatched. Inundacvion of eggs in nature should btherelore

not adversely aifcco hatbtching.

Hundreds of similar oges were kepb on moist cotton

wool in a closed petri-dici: in tae refrigerator at
44°F (5.5°C). Eags wers removed to room temgera$

inservals and the nuabers Labching nobted. After sen

Ct
days all eggs hatchied, ailter ls Gays only 43 ver cent
vere still viable and after 37 days no eggs hatched.
The exact time necded to vrevent all eggs from natc
was not de rmined .,
(3) Larvae.
e mixture of soil and bovine dung used as a
breeding medivi was nol equally acceptable vo all species

icoides The four species, . nivosus,

C. dimcinctivennis yyenosbictus and C. beddordi,

,_
(0]

~
(@]
°

appeared o Find this medium sultable for developuent as

many reached tihc pupal Jbage within 10 to 20 days of the
2xLs being placed on the medium,

VOQO
o _ 1. / ...
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Only a few C. schultzei and C, milnei developed to

the adult stage, while much difficulty was experienced
in rearing C. magnus and C. pallidipennis to the pupal

stage, only & few specimens being successful in reaching

Culicoides larvae are normally found in the surface
layer ol the medium where they "snake" in and out, cr
emerge and reitreat into burrows us describved by Linley
(1966).  All the species studied except C. bedfordi

avppeared to have this habit, and on studying the medium
under a digsectliiy microscope with incident light, the

larvae of C, dlstlnct;pennls remained exposed Tor from

10 to 20 seconds, appearing to bask in the heat of the
light before reversing below the surface. Larvae of
C. bedfordi on the other hand were never seen during

their entire development and were only Tound on washing
the medium through sieves and floating in Mg304 solution.

It is normelly difiicult to decide what Tthe lLarvae
are feeding omn. Kettle (1962) reviewed the literature

and suggestod vthat those larvae with heavily built
pharynges Teed on algae, fungl and bacterial Tfilos,
while those with 1light pherynges may fesd on algae or
detritus or be carnivorous. Thomsern (1937) stutes that
Culicoides larvae are carnivorous and occasionally
cannibalistic which agrees with her eorlicr statement
that "the carnivorous larvae have & long narrow head,
vith the mouth-parts direceed unteriorly, a weakly
geclerotized labium, and a single-toothed mandible",
During the prescnt study fourth stage C, wilnei larva

were twice scen devouring, teil first, live second
instar larv.ce of the same species, and a nwaber of
alcohol preserved C. nivosug fourth stage larvae werce

o

found wilh half-eaten smaller larvee protruding from

their mouths. Cannivalism does therefore Jdefinitely

occur amongst the species studied.

To determine whether larvae coan withstand periods
of immersion, fourth instar larvac of all the specics

studied except C. schultzei were placed in petri-disnes

water und obscrved. Laxrveue of C. )”CﬁObulCuuo,

C. nivosug and C. magnus survived imuersion ab /2 °F for
six days and longer, while those of C. distincbtipennis,
C. pallidipennis, C. milnel and C. bediordi were still

alive after 13 days and longer. Sincce these tests were
not repsated the differcaccs in the periods or survival

2. /
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)

could possibly be duc to the physiological state of the
0

@

larvae or some other facbor. The main point illustrated
5, however, is that the fourth stoge larvae
cnd pos3ibly other stages are capuble of surviving long
periods of immersien waich are likely to occur in acture
after poeriods of heoovy roins. Kotiole (1962) statos the
pupation does not occur if larvac are kept flooded. In

he prescnt study the odd larva of both C, pallidipennis

and C. bedfordi pupateu winile submerged but dicd soon

Liedin comtaining fourth instor larvae of C. nivosus,
C. pycnostictus and C.milnel Weregﬂaccd in a refriger.stor
‘ 0 -0 B : . .
at 44°F (6.,5°C) for from 10 %o 14 days. On returaning

the media to room temperature developmoent was completed

in the normal time. o dead larvace vecre nobiced and it
would appear that the low tempoerature did not adverscly

affect the larvae but temporzrily orouzht develo ment to

a2 complete standgtill, Poricds orf refrigeration longcer
than 14 doys were never asbempbted. This was found to be

o very uscful nethod of delaying dovelopment and can be

compared with wintcr conditiows in naturc whsre over-—
wintering takeg place in thoe lervel stego. Overwvintering

appears to take the fora of rotarded development rother
thon o diapouse since o sanple of breoeding medium brought
into the laboratory at any vimc of the year will almost

immediatcely givu risce to adults.

AT 70 to 7 F the period ‘rom cgg-laying to the
first adults averaged 20 doays, with cnmergence sxtending
from 11 to 66 doys after oviposition. Lerval periods

do

for six specics varied between seven sad 25 days and the

pupal period uveraged Tour days. Males woroe mormally
the first to emerge. Under loboratory conditions

therefore the minimum period for o generation to be
completed is about 25 days (i.c. the poriod cgy to egg).
These times ore very similar to thosc found by Jones
(1964) for nhis colony of C. veriincuris sonorcnsis

cycle took wbout 24 doys

dirth & Joncs. Thisg lifo-
i.e. cgg two, lorva 15 (12 days and lonier), pubs three,
poriod prior to biood imgestion ome, and preovipositio
period three days.
(4) Dupoc.
Pupation takes ploce in mmd ot the suriace ol the
medium, bhe pups mtnocuverlig

itsclf into an uworizgat
position with the two rewplratory orns protruding from

130 / e
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the surface. On dmmersion most pupsc wrizgle free of
the mediun and float to the surfucce of the witur whero
they hong from the horns. C. pallidipcnnis pupae,

howcever, were the only ones walcn did wmot float to the

suricce, DU LITer Ireeing themsclves from the impeorsed

substrate tiacy iwy looscely oa its surfoce whers they
died within two days .t room temp¢““uurv. Immicrscd in

. . ~On i -4 . s .
vober 2t 6.57C they remained alive for more than six
days bul dicd within onc duy ofter romoval to room

temperature.

Dycc & Murrey (1966) described three distinct

patterns of pupal behaviour on immersion. some specices
float to the surfuce and are unable to submerge. This

ig the case in all vhe South african species studied

except C, pallidipennis,. Other species repeatedly

rise to the surlace and then sink. in the third type

of behaviour the pupae do not float bub on immersion

they actively burrow inbto the substratum. The behaviour
of C. pallidipennis warrents it being placed in a fourth

group since it does not float or burrow but lies loosely

Nl . 2

on the substratuw: until it drowns.

Cannon & Reye (1966) nave found a similar type of
behaviour in the Australian species C._brevitarsis

Kieffer, but do not siate whether immersion adversely

affects this species. 't is of inbterest to note that
the larvae of this species were fourd in the moist lower
regions of fairly dry cow pats. Touds type of pupal

behaviour may therefore indicate a more terrestricl type
of development.

(5) Adults.

Adults emerge from the pupal case by pushing forward
the "operculum” and splitiing the thora orsally for

part of its length. Emcrgence coin take place from

floating pupae (except in C. wallidipennis) or irom the

surface of the larval mediud. The adults wre able o
walk on woater but wing surfaces must not btouch the water
surfice as they appear to adhere to wet surfaces by
surface tension. Thae body suriace of the adults is
rendered water repellent by & covering of fine hairs,
The life span of the adult in the field is unknown
but newly emerged adults oi the species studied survive

from two to thrce weeks in the laboratory if provided

with 10 per cent honey water and & relwuvive humidity
above 50 ver cent. Laboratory re«red adults would not

4. /
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feed on rabbits' ears or mate, however, so that it has
been 1mpossible to establish a colony. To date only
Tiegahed (1956), Jones (1964) and Heir & Turner (1966)
have nmanaged to maintain Culicoides colonies. Hegalied
maintained a strain of €, nubeculosus (Meigen) for six

years before 1t weakened snd died out, while Jones has
maintained a strain of C. variivennis sonorensis since

957. The colony of C. guitipennis (Coguilledt)

established by Hair .nd Turnrer is only one year old,
stablishment of a colony apparently depends upon the

gselection of a suitable sftrain from the oftspring of

many thousands of wild-caught midges.

(6) Conciusions.

These laboratory observations on the life-cycle of
some of our Culicoides specles may provide some
information as to the scology of These gpecies.

The most import@nt observation is the fact that all
larvae are good swimmers <nd that only C, pallidipemnis

pupae do not float and soon drown, This means that the
inundation by heavy rains of a breedin: site common to a
few Species will affect them differently. In the larval
stage they will all survive and will be able to swim to
drier parts. I7 in the Dup&l stage, however,
C, pallidipenuis will drown waile the pupace of the otacr

soecies will float and give rise tvo adults. These
adultes will then be in a position to mate and lay cggs in
the new breeding grounds createcd by the heavy rains.

Inundosted C. pallidiwennis larvae will be forced o wait

for the breeding site to dry out somewhat belore further
Gevelopment, pupation and adult cmergence can take place.
This probably explains the low catches of C. palliidipennis

during periods of good rain and thelr increasc in numbers
during Qrier periods which follow. The correlation
between Culicoides catches and rainfall will be discusscd
later.

Another important conclusion which can be made from
the study of the life-cycle is that a number of
gencrations can be completed during the summer.
Theoretically,; according Lo deve lopnontal periods in

N

the 1aboratory9 thig should amouns o about one

zeneration a month.
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(v) Breecding Sites

Culicoeoidcs brecd in a varicty of situations ranging
from rot-holes in trces To manurc and manure-polluted mud
at the edge of wnools. Kettle (1962) reviewed larval
nabitats for Culicoides in the world and comcludod that
"the larvae ars noitner genudinely aguatic nor terrestrial,

but occupy the ecotone between, cceurring in very et

soil™. Very little ig known of the breeding sites of
Culicoidgs in The Bthiopian rcgion. arver et al.

(192¢) found Culicoides breeding in the following
gituations s~

C. accraensis - rot-holes in ihoyant trae,

C
Cynometra sp., Eriodcndron sp. and other trecs.

C. inornatipennis Carter, Inzrom and iMa - rot--holes

fie
in Eriodendron sp. and in the stumps of banana
olants.
C. clarkei Carter, Ingram and Macfie - ot~holes in

o ey e ey P (O T e -~ .
Cynometre sn. znd sriodeundron sp.

et s et e 300t

C. similis -~ Dbottom of watcrlogged canoos.

~

C._schultzel -~ Dhottonm cof wateriogged cenocs, in mud

cf

avound puddles al o Ystund-pipe™ or vap and a

washing olace in the backwaters of a river.

|

criodendroni -~ rotv-holes in stump of Briodendron Sp.

SN NAango Ttree.
.

wnetithorax - as for €. eriodendrond

| .

.

onfusus Carter, Ingran and Macfie -~ rot-iicle in

Q o
Q

Eriodendroi sp.

tree.

C. nigripennis -~ rov-hole in man;oe

De Meillon (1936, 1937) found C. aeccercilus (syn.

C. wycnost "Luu‘) in 3 robt-hole in a papaw
C. nivosugs, C. pycnostictus, C. cornubus &

in the mud arvound rain water pools; anu C, ngubwp{lu
in & rock pool, Piedler (1951) found C. cusubandeil and
C. ondergtepoortensis in the mud ad the edge ol pools,

Since She carly 1940's when Du Toit showed

o

Culicoides to be the transmicters of bluetongue and

o

horsesickrness, searches aave been conducted ut Onder-
stepoort to discover the brecding places of these midges

cgpecially O._pﬁlliaipennis, widlcz accounts for up to

0% of the lizht trap catches in suier. A thorough

scarch was undertolzen by Dr. RJIL. du Loid

Dr. 0,G.H, Picdler in 1949-1950 (uumpubliished data).
’—

aking samples of suspected brecding

N . Nl
S1U

Tn=-

They started by

areas and recording cmergeince in sne laboratory.

e
Between 16%h March and 10Gth October, 1949 they c

0
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36 samples of mud from the edge of o sumall water course

(Fewbtown spruit) leading into Bon Accord dam near Cnder-

stepoort, Ifrom around the

from numerous

otncr water furrows. 1heir best results are summarized

in Yoble 2.

Lable 2. owmuary of Cudjcoides cmerging from
mug semples irom ey town spiruit.

Date
Species - e —
16.3.49 18.3.49 7.6.&9 Te6.49 1067449 11.7.49 Total

Co prenosttctus 43 T 43 431 137 273

C. cornutus 33 - 3 & 28 51
. nivosus 56 - 4 29 20 9
C. schultzex 6 2 6 25 19 10

C., distincta-
penuis - - ~ 20 19 -

C. ravus 15 2 - 18 - 2
Ceo pailidi-

pennis - 3 - - - -
Ce gimilis - 2 - - - .

934
123
118

6t

37

Total 153 16 56 5351 223% 345

rablie 2 saows C. pycrnosild

I

C. nallidinernis and C.

also ghows that larvac

evidence tnat Culic

During the first three months of 1950 Du Toit and
0

TS AT, SN R - ey ey
fledler used emerseiice SRS . e

vieu tinat small

numbers. of . wycnostictus were breedings in moist zground
.)7 iy (\o} =)

Ha

sress on the eastern side of Bon Accord

covered by short o

dam when 23 adults were causht in 23 trap nizhis. On
27th January, 1950 onc trap causznt 33 C. pallidipennis
over 8 nights fromz & swampy kikuyu grass--covered area at

a leaking cement dam at "ZLoalplaas", Thereafter 9 Lo

12 traps were used per night on o large Kimuyw grass-—

covered arca at Understepoort, part of the arcw being

uncer water. Over 13 nights from 24th February to
c

20%h ¥arch very go es of C. pailidipennis werc

o) 188 0
mede, the cateh beinz as follows :-—

C. pallicipennis 661
C._ nivosus 162
C 58
o} _ 33
. scaultzel 24
Tt 7./ ...
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It is important to note that only thae traps placed over
swempy kikuyu grass-covered areas yielded €. pallidi-
pennis.

The writer repeatedly tested similar situstions
between 1963 and 1965 but was never able Lo trap more
than the odd adult of this species. Ihese odd specimens

o,

viere also recovered from very moist areas covered with
kikuyu grass and from the banks of the Apies River.
The other species mentioned in Table 2 were also Tound

except C. cornutus which has ncver again been Seen

although so abundant in 194C. Zvery conceivable breedirg
site was investigated ranging {row verious types and ages
of manure, algac in water troughs, compost, stagnant bogs,
adges of rivers, luccrne fields, ete. Ehoso sumples

which yielded fair numbers of adults arce given in Table 3.

Adults cmerged from these samples over & period of from

tery wny C, »ollidipennis which is so

G
abundant in the lizght trap (Lable T7) cannot be

T ¢ be found
breeding in large numbers in nature. Jones (1961) has

suggested that "A preponderance of oue species in light

traps is often o result of low-dengsity brecding over an
extensive arca". This may well be bthe casc with
C. yallidipznnis. Bvidence was forwerded carlicr that

-

C. mallidinennis may develop in much drier habitats bthan

lev
commonly expected Lor §};¢001u midges. A Tthorough
exanination of sucii it may cventually reveal thoe

SIS
brecding place of C. pallidipennis.

(c) Hours of activity.
tiole (1962) reviewed obscrvutions throughout the

world on the time of fligzht of Culicoides specics and

-l

concluded : "Host Culicoides arc crepuscular, showing
great activity at down and dusk. Mogt crepusculcor
specics, except C. grahomii Austen, comtinuc ToO be

active throughout the night, although fthey uarce less
abundant after midnight, and they also bite during the
day orn calm, dull days'.

"

Rouben (1963) studying C. impunctatus Goctghebuer

in Scotland used o suction tran and showed tuese midges

to be acivive throughout thic day but most cective at night.
Kitaoks & Morii (19642) compared moteorological

conditions with 1light trap catches of six Japancse
Culicoidcs specics. The different speecices varied in
their time of flisght, some bedng more aburdont just after

suns.t and near sunrisc, whilc others were pr

[62)
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summary of Culicoides emerging from mud

o s e =

g

Samnnles

¢

o

Tfrom Onderstepoort area.

A A e S e

Culicoides species
0] ‘ ! 2 ;
o
0| | & 3
Suzpected = ) 5
Y rend v +>
Date bxegdlug o .ﬁ‘ o 5 !
site -~ + o) 2
0 + 19} SHREES 0y
= 0 s £ 3 ] o
0] Q o ~ '~ ol o 1
o ) + o] ~ Sioe -
& S, 0 Sl Al s &
- > o o ¢ @ o o~
g =24 e 0 o gl o 0}
T e e e el b LT L
I | !
16.7.63 | Stagnant mud at :
' bogy near trans-
port stable 6 63
i
!
22.7.63 | Stagnant mwud in
kikuyu field 20 g :
o rearal
29.,1.6% | Mud from edge
of slime-covered
4 pool in dung- »
‘ polluted paddocki68O! 211 2 {1
]
25.3.65 } Dung-polluted
mud at leaking
water trough 1 44 3 11
1.7.65 ; Mud from water-— !
[ A . 3
level of Apies % )
river 130 51 11 3
p '
N |
1.7.65 | Iud from swampy ;
kikuyu-~covered ! )
area 4 7121 2 121 1
1.7.65  Mud from svwampy
veld-grass
covered arca ; !
near river T4+ 200 | 45 1 3 2112 11
. ; ;
Total 798 | 415 | 82 | 3 : 5 14413011
i ; i
L , i f _
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throughious Tthc night. Changes in semperature, nueidisy,
cloudiness =2nd roin did not affect catciues dircctly but
strong wind and low temperatures appearcd to reduce

achivivy,

Ir South Airice Julicoides utre scldom moticed biting
ay-Gine and Du Toitv (1944)

e 2N = L i

nly noticed thelr presence 2t Ondersbtepoort on opersiting

o

man or animals during the

a2 suction-type Light trap Tfor the first time. The time
of flight, howoever, s unknown, The results of an
analysis of Two-hourly catches ni@hts in

Jomuary, 1963 at Ondcrstencort, arc siven in Table 4.

e, - PO,
UG CATCries

noarigon of Z2-hourlwy light

with tcemperoturs and hunldivy.
2;@;1“2“1 o Dzbe
T | 5.1.63 | Ll.l.65 | 17.1:63‘_-2? 1. 63 55.1 65 Mean
T hwmer of Guldeoides
7 - 9 puma 605 281 147 138 108 37E.8
9 - 11 3,873 183 7,819 3,509 43 3,085.4
11 - 1 awn. 2,677 271 3,864 4,391 %18 2,542
L=~ 3 7,693 5,930 1,739 5,566 1,745 4,534.6
- 5 1,658 6,533 T06 4,337 2,272 3,101.2
5-7 9 34 3 31 25 21.6
T- 9 pen. 22.8 24.7 28.6 30,0 247 26.1
9 - 11 18.9 21l.4 26.7 2745 21.9 23,3
11 - 1 a.m,e 15.8 19.4 25.0 26.1 18.9 2l.1
1- 3 13.6 18,6 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 1849 19.8

Mean Relative Humidity (per cent)

41.0 5745 5T7.5 60.0 1345 57.9
9 - 11 55,5 70.0 7045 1645 89.5 72.0

-3
I
N
g
=
L]

11 - 1 a.m, 65.0 7740 7940 8045 97.0 T9.7
1~ 3 75.0 78.5 82.5 77.0 96.0 61.8
3-5 82.0 82.5 87.5 78.5 89.0 £%.9
>~ T 7945 80.5 3545 79.5 £l.5 €1.3

Zvl / o o 0
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Irn January the sun sets at about 7.00 v.m. and rises
at about 5.25 a.m. This means tuat at least one hour of
complete carkness will remein in the period 7 vo 9 P.r,
but that it will already be light by 5 a.nl. Catc
during the first period (7 to

e

nared with 1é

8}
®

ter catenes, bui those bet
must be ignored amd are possibly due to Culicoides in the
vicinlty of thie tray being accidentally sucked in by the
gtrong vpdraught.

w that Culicoides (mostly C. pallidi-

0
nennis) had no single pealk hour of acvivity but that this

varied nightly between 9 p.iie and 5 a.m. The peak period
was not corrclated with bempersture or humidity bub

-

appeared to be influerced by some Tactor not neasured
such as . wind, hesavy rain, etc. It may be noted that

temperatures wuring the neriod of the study rangsed from
Om ~ ~O - =0 0 . b e
13.6°C to 30.0°C (56.5°F to 86 F) and that Culicoides were

plentiful at temperatures throughous this telative

humidity fanéed from 41,0 per cent to 97.0 per cent and
many midges were cauy,ht while the humidity was 53.5 per

cent (5.1.63). sh cabtehies were always poor

'

between 7 and 9 is could not be atvttridbuted to Llow

hunidity alone nearly always above tiae H3.D per
e

cent figure merntiocned carliex
humidity (50 to 6C oer c
(above 2200) occurred gimultaneously, low catcihes were
were fournw during

crigtion in Cu l@od.

i
-l
Tetile (1862) has shown theb

be only cue or two [ene
in the tropics adult Culicoides can be Lresent consta
In temperate climates a pesk in adult nuabers probably
represents tne completion of o Jemerostion while Xeutle
found that seagonal fluctuations in the troplics could be
e 1 course on uile

related vo tides or rainfall depencing
Specieg councerned.

The climate at Cnderstepoort borders on swo-troplical

except that frosits may occur vetwesn lMay and Auzust. The

average catelr per uighl on walch the 1i ot trapd was

operated is recorded in Table 9 for eac: Lall-wonth for

the weriod June, 963 bo lay, 1966. A muary of
temperatures and rainfall over the same period is given
in favie 6. These records are cxpressed im graph form
in fijure 3. ,
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Table 5. Seasonal varjation in light trap catches of Culiecides
(expressed as catches per trap night).

Onderstepoort Kaalplaas
Month
Nights 1963-1964 Nights 1964-1965 Nights 1965-1966 Nights 1965~1966
June 1% g 0 o - 11 0 - -
2 10 7 7 0 11 0 - -
July 1 10 17 9 0 10 0 - -
2 12 8 12 0 11 0 - -
Avg. 1 11 17 10 1 10 0 ~- -
2 11 121 11 22 12 76 - -
Sept. 1 7 777 10 659 10 706 - -
2 10 968 11 519 11 1,400 - -
Oct, 1 9 1,301 11 1,265 9 342 - -
10 2,719 8 144 10 1,214 - -
Nov. 1 9 6,297 8 1,812 11 1,510 - -
2 10 1,620 8 1,899 9 2,117 5 424
Dec. 1 7 6,882 8 1,528 5 3,526 5 286
2 T 3,642 8 1,085 10 3,769 4 111
Jan. 1 9 3,054 9 2,780 8 6,186 6 171
2 12 3,637 10 30,063 8 1,912 5 197
Feb, 1 7 11,262 10 10,706 9 3,772 9 390
2 7 15,089 9 13,762 8 9,680 9 2,154
Mareh 1 9 16,176 11 17,796 10 12,290 9 443
2 8 23,299 11 12,025 11 43,156 11 1,320
ApI‘il 1 0 - 10 39527 9 9,050 6 945
2 8 1,920 9 982 9 8,476 10 426
May 1 7 2,050 9 2,654 10 5+733 10 123
2 7 571 9 409 10 138 9 56
*
Refers to first and second halves of month.
22. / se e
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Table 6. Weather records for Onderstepoort.
June, 1963 -~ May, 1966.

Mean Temperatures (°C) Rainfall (mm.)
Month Maximum Minimum 1963-1364 1864-1965 1965-1966
1963-1964 19641965 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 21l.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 T.7 547 0 13,0 0
2 29.6 29.7 26.4 8,8 10.7 9.6 0 0 2.5
Oct. 1 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 13.6 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., 1 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
May 1 22,7 23,6 25,0 4,2 7.9 8,0 4.0 o 13,5
° 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,

© University of Pretoria
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Ffrom Table 5 and Fizure 3 it can be seexn thav
Y 1' ‘-'d_cm Q011 CSE T e TN A TYRIIO QA
Culicoides adults wer o were present

ounly on an isolated night from tlhie begiuning of June to

the mniddale of August. Thereafter catvcnes increased

steadlily and by the end of Beptember wney reached about
e

1,000 wper night, B T
January or Iebruary, catcies flucituate betw

e
3,800 with an occasional rapid increase into the
ag in wovember and Deoember, 1963 and in Januvary, 196G,
During Jaauary or February & very sharp increage in
munrbers takes place and tids nigh population is wain-
tained for about 2% months until the end of March or
April, I 1964 and 1966 this ri

ise 1n muibers Took the
form of a threefold increase in cab

cin which countinued
to peaks of 23,299 and 43,156 Culiccides per nizght,

respecitively, four to six wecks laver. In 1965, how-
ever, a peak of 30,003 was reached lumediately witlh the
first sudder increase in catches but catches of irom
10,000 to 17,000 were nmaintained for two mounths there-
after. Catcney gradually decre in April ard Nay

andt by the bveglnning of Jumne Culi _piues are usually

It would be useful Lo know the reason rox these
tuations in light trap cavches oyx Culicoldes

lezad to & clearer understanding of the

ecology of these midges.  Williamg (1961) nas studied
che effeeco of weathey condibtions on the activity and

abundance of various insccos teken chdefly in light
Traps . He started this work in 1933 and by the use of

o]

o

partial and mulitiple regressicns has been able

i
correlate catbcies with various cliumatic factors ecpecially
tennerature and rainiall, he has founa iv possible also

to predict fubturs cateches b, sbudying Temperuture and

rainfall up to bthree months belore the time. This type
of stutictical correlation, however, reguires nally years

of unbroke: records and all climatic facbtors such: as
rainfall, temperatures, wind, cloudine c
taken into account. In his very comprehensive 1961
paper he noted that "with only 3 years data for three
agonyg tne analysis of the data from the suctlion trad
was 80 unreliable as ot (o wariant mublication. Lven
the 4 years available for the 1ight trap was lLower tian
desirable”. Bursell (1904) examining Williams' work
from trne phyciological point of view guesciloned vie
gsoundness of correloting catcihes with varioug climatic
Tactors, if tl.e exact relationshinps between the

© University of Pretoria 24,/ ...
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biology of onceraecd aud these factors ae
i

vnknown. He wnoints oubt certalir anomali
"oive one the uncomforvable lupression of being inm the

pure mavhenavics™, de does eventually adwidb,

3
o~

W

rezlm of

"gven if no casuval reliationship unuerlies

hrowever, tha

<

thie obgervea correlations they might still prove
valuable im encbling prediciéions 0 be nwde oI tie Jlevel

pooulatvion wensity in futurce seasons'™,

QLT . Ihese inelude nil catchics for neariy ©
months o year, and no wind reco
careful visual cxamination of the rccords does show certain
C

orrelations wiiicl are repeated each year.

In 1964 and 1965 no Culicoides were taken between

lst Junc and 10th August and this can be assumed bo be

dus to low Tewmperabtures, However, in 1963 the sane

temperactures were cxperienced but the odd Culicoides

adult was takern from 166 June ormvards. The winter of

1863, nowvever, differed from the two Tollowing years in
t Vi while no roin fell during

. Winter rainfall aay

e 01 adults in winter.

24°C (after 16th Ausust) Culicecides appear regularly,
increasing in nwavers ity risir. temperatures until about
1,000 axe ituken per niiht by the Dbegimning of Gctober.
Thereafter temnerasures are cousistently nigh (micimus
temperabture above lGOC) untili the first haelf of April

whern they start dropping slowly uwntil winter temperalures
are reached. During

Ttemper..cures the cateh

for from 3% to Four months. Tlie sudden increase in

nunbers in the gecond halfl of

a
]
o))
@
=
s
Q
[
e
=
g
G
(6]
tl.
)

canniot therefore be correlated witli a ¢

temperature.,

P an " e 0 - L N R o R SR
after wore vhan 60 mm, of rein nad fallen wituin legcs
than a month. ihe sipe of the increase can Zi8o be
covrelated with tihe amount of rulin felling ana Tihe tiue

=
© University of Pretoria 25,/ ...
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taken for wo nan 30 mm, to be recorded. Thus

2.0 mm, t helf of Novenber, 1963 ied to a
threefold incrcase in catelr (11,262) in the Tirst half
of February, 1904, Again 137.5 om,., in the ssc

0
of Ocuober, 1964 led to an elevenfols inciease (30,053
o

exceeded 00 mm, during the ze
to a threefold increose in catelr (
half of TFebruary, 1966. In all cases, however, after

s e a4 s
tiie dirniticl siarp increase the caveh rewained Lizh for

about eight weeks, eltacr dropping a 1ittle wihere the
initial incrcage was very nigh (elevenfold) as in 1964-
1965, or iuncreasing cousllercbly waere tiic initial

e
L1

. -
 TWO Beasiils .

@]
<
[

increase was only threefold as in the

As can ve secen Ifrom Table € and Figur

petvween

(&)
oo

often a six wmonth period of drouzht

o

nd 15tk Getober, Tie first heavy rains ol tie swamer

gserve to break this drought and probably re-establisiy the

summer breeding sites of Culiccides. Subsequent raiuns
b

may tnen maintiin these sitves in a suiltable state for
Culicoides &evelopmenﬁ.
from the seconu hulfl of April cuwords the decline

be correlaveld witi Lover semperasures and

the almost complete cessaviorn of rain watil the cold dry
conditions of winter are reuacihed znd larval developaent

ceases almost completely.

The Tact that there ip a delay ol vhree :ontils

between the iirst heavy raing whiich probably initiate
breedin: in new Wrecding sites, and the emergence of the
resulting adults, suggests that about three wmonths are

reguired to complete a generation in surmer (Fig. 3).
This period does not azgree with the one wonth suggesved
earlier after a study of the life~cycle in the
labvoratory. A possible and very plousible explanacion
as to why a genecratlion may take three months i1 the
Tfield heas been advanced by Mr. D.W. du Plooy‘. He
suzgests that 2ltiough heavy raine in early sumer may

Dreedlﬂg gites and thet many ezggs will ve

C ('D

ajly thereafter since the suriace
1@yers of these siftes will dry out during the dry

'

neriods bebween the thundergvorms whichh account for moaw

26. /
ical Assistont, Zantomology Secilon,
nai 2BQATCh ﬁ””"bdte, Cnderstepoors.
©UmmeMPMWm
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of the sgummer rainfall, The larvae will then i 'g:;t
to lower moist layery where they cexn survive, vus wil

have to walt until rain agaln provides sultable moist
surface layers in woics: bto conbinue taeir develonuent.
notais way a gencration woaich wmay be completed 1 ome

month under tiie optvimum conditions oi the laboratory

Arn experinment was conducted in the lavorasvory To
test 1if desiccation followed by moistening of Gthe larval

medium could delay larval development. Two six inch

. - ]

S i i o v A - »
Ggliranever SLASS Glsiles T

nree inches deep, were used.

Thousands of eggs were added to the larval medium in

each dish., Thie dishes were left open 1 a small warn
0 0 . . L )
room at 80°F, The one dish acited ag control and was

kept moist, while The medium in the second dish was
allowed o dry outb. Before the medium was completely

dry on the surface; adults started (o cmerge. Tliey
continued to emerze from the 11lth to the 18th day after

which bthe surface of the medium was very dry and no
further emergence tock »nlace. The medium was then
allowed to dry out still furthner for four days until
the medium formed a clod which could be removed from
the dish and broken into pieces which were dry, except

for a slight amount of moisture in the centre.

Vater was added Lo this dry medium and no pupae

were seen Lo loosen themselves Ifrom the substrate or o

float to the surface Afber 13 days duriag waich the
medivm was kept moist, adults began o emerge. This

1

period was sgimilar o the original period for development

to the aduls stage noticed earlier in the experiment.

[

From this exporiment it may be concluded that Culicoides
Gevelopment may be delayed on desgiccation of the breeding
medium and that development will be resumed on the

eiving sufiicienc moisture. Whether this

ce in the eyg or the lartal stage, or
th stages, has still to be proved.

1@as been suggesced by

fa—y

Alternatively 1t
Prof. R.M. du Toit (
genceravion may well be completed in ome month but that

personal commuaication) that a

the sunmer breeding sites will only start o become
re—eatablislhiecd affer sufficient rain has fallen during
the early part of the season to restore The moisture
level in the soil afver the winter droughti. He argues
that the early swaler rains of Ocitober or November are
not sufiicient to restore the »purcihed sumiler breeding
© University of Pretoria - y
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sites to the necessary moisture level Tor larval
survival.

. . L > : '

Evidence for this argument is the fact ciat she

sharp increase in catbtches may also be correlated

F
(=
l_l
Cs
o
N
RS
C
;

very heavy rainsg one montl: ecrlie:z

@

example tie catch of 11,202 in the firsv halfl of
Pebruzry, 1964 followed a raintall of 103
First half of January. Similarly in 19

- - T Ty er T F - SN T L Y A T oy
e second half ol Janvery follow

[eh]

1966 a catch f February

3

o}
O mm, in the second half of December, 1964 an

o}

e

followed & secord half of

January. ol suimer
following on the earliier lizhter rains could perhaps be
the explanalbion [or the sudden increase in catlches one
month later. The Tact tial a generation tukes about
one momnth in the laboritory also lends velgsiit vo this
observation,

Another explanation for the sharp increase in cabtches

it
could be whe follo ¢ The lLeavy raing one montihr before
the increased cateh each year, bring about & dron in the

catch during the period thal the rains are falling, i.e.

-

there i3 a direct adverse effect of rainfall upon catbeh

(Fig. 3). TLarvae in permanent breeding sites may, under
ege conditicns delay development o the pupal sisage
until drier comdivions are available. Simultaneously
normal egy laying wand eariy larval develophent probably

larvae wilich nove

et
-
(_“
@]
®©
bt

continues. To tids may be added
been lingering in Talrly dry sites and Tor which heavy

3
~aing have now made 1t possible to complebte thelir develop—

ment., Thus a combination of factors nay bring about a

Liass emergerice once the breediny sites have dried outb

-
[oe]

1e value of the above tiheories, however, coi only Dbe
ged after accurate studies .ave been made ol the life-
cycl T Culicoddes im the Iield. fhis vwill not be easy

. pallicipennis is The malin species concerned and

=
<
(8]
&3

reeding oites Lwuve so far proved extremely difiicult

A3 can be seen in Wable 5, 1ight trap catches at

"Waelnloas" were only a Traction of the Cndersitencort

o)

catches., This could be due to the fact that the Y"Haal-
nlawsg™ 1izht trap was not situsved ilear nigl coucentra—

!

3
tions of animals as in the case of the Ondersiepoort

N

7

© University of Pretoria 20 / o
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Trap. It has already been mentioned that hiigh catches
in the Cnderctenoort trap may be c ated with its

h

orre
o] horses and mules

oy M

o

cloge proxiniity to .n onen stable of

3 £
yhile a similar trap only 5C yards rfrom this pozition

o

cauzht an average of three times fewer Culicoides during

the game season. Iz factv it has recently beeir observed
by the writer thav Sunday nighc cabteaes are consistently
smaller than those maace during tae week, since the muales

and horses oxre not stabled ovar the weekend,

Another reason for the low catchies av "Kaalpisaag®
could be vthat the trap is furtier from brecdinyg sites ox
that prevailing winds, or some local facvor do wnot favour
this trap. However, it was ol interest vo note that
sharp increases in catches took place at the same

trap and extended over much the same

C'A"

in tihe Ondersvewoor
periocd. "Haalplaas" catc did differ in that

o -y

c
for the first half of IMarcii, ;JGS were Low and the
c

)

largest number of Culicoides were take
half of Februcry anda mot in the second nalf of March as

would be expected irom the Understepoort catches,

(e) Seasonal Varistion in . Colgep vpecics.

Laxiauo numbers of the awifferent Qulicoides species

re not necessirily found al the saue vime of the year.

o

Wishijime & Ono (1963) showed this very clearly in their
atudy on the scasonal prevalence of seven Japanese
i

ies; three zpeciles showiing ome peak of abundance

widle CGhe ovher four svecies wnad Two peaks. One is
empted to conclude that the rumber of neaks represent

the number of gencravions, but This ig provably only

seluom so. Kettle (1930) showed C. impuicta to have

tus
a bimolazl sewsonal disitribution wnd Reuben (1963)
substantiated this some years later vwith an even more
det&}led siudy. Kettle concluded that tle bimodal
distribution could not be accouvnted for by climavic
factors alone, and that 1t was unliikely that this species

was bivoltine. lesuits of siadla Ciiller~

H
@
< £
o
=
O
®
Q
oy
C

gtepoort wnd The farm "Jlaalplauws™ are re

Table 7 and in groph forw in i ure 4. In d

c
les present at Ounderstenocort (Fig. 4, sclid

lines) it can e cleuriy seen thet ., mailidipennis and
C. sciraltzel ave only oxme wewk of zbuniance., Ihis is

L e . .
in jate swizier ssartving in Jauueary wivi the highest

© University of Pretoria 29
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Table 7. Seasonal variation in Culicoides species at Onderstepoort
and "Kaalplags". August, 1965 - May, 1966.
(expressed as average catch per trap night).
Species Per cent
No. of
Month Trap ; ¢, pal.
nights C. pal, C. pyc. C. dist. C. niv. C. sch. Co mil, s
Aug. 0.P. 6 133.7 6.0 6.2 4.0 0.2 0.3 68.9
K.P. - -~ - - - - - -
Sept. 0.P. 11 852.5 25.3 12.9 4.5 1.1 1.5 95.0
K.P. - - - - - - - -
Oct. 0.P. 7 957.2 43,0 11.9 19.3 18.4 0.9 91.1
K.P. - - - - - - - -
Nov. 0.P. 11 1,088.3 54.9 48,1 39.9 6.7 3.7 87.7
K.P. 7 117.9 103.7 52.1 48.7 0.3 0 36.5
Dec. 0.P. 6 1,191.0 102.3 331.1 201.1 14.7 0.8 64.7
K.P. 5 47.4 36.6 29,2 8.2 0.2 0 39,0
Jan. 0.P. 8 3,740.9 4743 83.5 54.0 86.8 0.8 93.2
K.P. 8 83.6 13.0 16.1 12.3 3.6 0 65.0
Feb. C.P. 9 5,557.1 175.8 257.8 89.3 376.2 5.0 85.9
K.P. 14 770.7 43.0 70.3 27.0 41.5 0 80.9
March 0.P. 9 32,213.0 29.4 380.7 11.1 401.5 21.1 97.4
K-Po 13 576‘7 28-5 59-2 707 2003 O 83'3
April C.P. 7 9,971.1 107.9 195.7 23.4 109.0 15.3 95.7
K.P. 5 1,011.0 211.2 236.4 17.0 26.2 0 673
May 0.P. 5 4,267.6 46,6 40.4 12.2 9.0 14,0 97.2
X.P, 5 34.8 34,6 26.2 2.6 0.8 0 35.2
Fer cent 0.P. 99,2 88.9 88.0 91.2 92.8 99.8
Females K.P. 97.3 75.5 65.0 73.9 82.1 -
*
0.P. = Onderstepoort.
X.P, = "Kaalplaas".
300 / vee
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Sches in lMareli, C. milnel Tollowed 2 similar pattern
but catches were Too suall o warsant further study.

The remaining turee

el e

! A TO T e
(v} ke U L
S pyemostictus,

C. digtinctipernis all showea an carly

peak in December «nd oume or Gwo Ldlitional peaks between
ebhruary and April.
In the »revious sectiown various thuorics were
adveanced to expiain the sudden lncrease in Culicoideg

nunbers in January or February Thesce thecories must
1

Llidipe@gggﬁsinoe 2s can be seen from

the last coiwan of Table 7, C,

C

G
|
[
[
-

H
:,_,

ennis may account

for up to 97.4 per cent of the 1ight brap cateh at
Undergtepoort, These theories may tous explain its
single psak of cbundarnce in late summer and periaps thatb

of C. schultzel s well,

The fuact that the other three species show an

garliler peak of abundance in Decenber as well ag later
peaks suggests that they require dificreant conditions for
breeding, these counditions apparently being present

chroughout most of the su fact already
i

been showii earlier vhen y
any muddy area high in orguanic matier produced all these
gnecies. Ifiege breediny sitez do 1ot dep@nu onn raintall

for wired

i
POs3LLly adversely

rovern 1 soime way the abundance or these

m
©
]

~

3
P
Ga

Trap vies situated wvout four

The "Xaxlonla
O;derutepoort. Thae peaks of

w
c
H
e
o
ct

miles from i

b

!

abundance av "Kaalplass! althoupzn no
with those at Culderstenoort nevertieless oocurreﬂ at
ovaiber, 1905 when

s put dinto operatlo ars siown iun figure 4 by

S
Jines. C. pallidipenuig showed Two peaks

of P“Drufﬂy and April, but since t..o caten

was very Ligh this curve cair te comparca with

neaked curve of tlie Onderstepoory catcell.
showed 4 gimiiar tendency.
an eaxrly neak of apbundance
in November and further neaks vetieen Fobruary and

April.

she two raps 1s very

&
interesting and shovws wmany arfiervences whicly 1f They can

be expliained will lead 0 a clearer uvnwverstanding of the

© University of Pretoria Lo/ e
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ecology of the vurious sxe01e . ¥

cen tiat in ohe shecies otler t©

e
ana C. scnultzel, the nuwmbers taken at "Kaclplaas®

compare reasonably with thosce taken at Ouderswver

¢ (D
12
(o]
p O
5
<y
6]
O

that it is possible to plot tiei: on the sze 8
el ey - ml. P A ~” C T TS S e v -2l At
the zZraph, e nuosrs oL L, DG 11Ul penilly vaxkeil at
"Waalplaas", however, hal 10 Dbe wulitiplied 10 Tilies so
that they could Dbe compared om vhe sawme rapii as tiie
Onierstepoort cabel of this species. Thie cunoriaous

numtbers of C. pallidipennis in thie Oundersiepocorv trap

therefore cccounus for the very notviceable cifferences
in bthe size of thiz catches from the WO Trups. This

due to a rmamber of

or

species may be parbticularly abundan
ressons . The firsc is that the Undersiepoort trap may

Boe
ituated near very large breeding sites of C. valliddi-

be si 57
pernis while bthe "Xaalplaac' trap may be olmost out of

~ =

the fiight range of midges from these sites, or the

"Kaalplaes' trop may only cuatelr C, pallidipennig from a

few small local breedin, sites. Secondly the are.
around the OCulerstepoort trap is well illuminated at
nlght thug providing tie initial avirection to tidls arca.
"Hoawlplass® on vhe otiler Land 1s alnost compT cely in
darkness, Thirdly wign ccuccatrations of
keot i stables anda gaudoczw at Oundervtepoort coapared
with The odd few enimsls ot "Koalplaoss™ wihere mosv are
in the veld. Pinally the cxact posision of vie Cnder-—
gGepoort trap 10 yards Ffrom «n onen 3table housing

46 wmales and horses .aay be particulariy attricvive to

v

C, vallidinennis, Here it is interesting To refer To

a study made by Kitaoka & Ilorii (1964Db) on tine cowpositvion
of lizht trap caivches in youltrv Louses and cow shads,
They found C. arskawae (Matourura) to account for

08.9 per cent of the Culicoides species tuken in poulary
ousce but this species mede up only 17.5 per cent of the

.

atvenn from cow sheds., Tie predominant species irom cow

o

C
heds was never taken in poultry houses. Thus in the

[0}

case of the Cnderstevpoort trap comsideruble bias nay exist

in favour of C, pallidivpennuis. The wribter has in fact

sl

recently observed a merked reduction in the nuwbder of

C. pallidiwen;is in the Sunday night cabteinr and this cun

e s g 7 e B S
poence of muldes from thie sbablie

be corvelated witii the a
ar

the weeokend,

m.

The last columr of xavle 7 suuwnariscs wie percenta

ade

C, mallidiwvennig in U.e wo traps throasaout the gummer

Seas0mn. At "Haalplaas® it was only bebtween January and

april that C. wallidipennis occounted for more thdain
©UmmeMPMmm 5
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AC per cent of the catch, the maximun being
cent in March. At Ondersvtepoort, mowever,

C. nallidipennis accounted for more than 85 per ceud
t Dec

€}
uced taip figuare wo

(Wl

of tie cateh ium all months excerl mber when laige

kS

(\

catches of the other species re
54,7 wer cent.
Kettle (1562) when reviewing the use of light traps

for sampling Culicoides QOJMl@b;OuS noced vhat the per-

centogze males is often low indicating chav males disperse
legs widely or tnat they are shoriter lived. It the
former theory is correct Then catclies with a high per-

cenbage males should indicavte that the trup is si
close (o the breeding sites aund vice versa, The last
two iines of Table 7 show vhe percentage females ol each
species taken in the two traps. Hore than 99 per cent
of C. pallidipennis and C. milnei caujzht in the Onder-—

stepoort btrap cousicued of Temales, indicating perhaps
that their breeding sivtes were somce distance away.
Catches of the other four species were mase up of from
88 to 92.8 per cent females, which althoush high could
indicate that some breeding sites Tor Tthese species would
be found nearby. Breeding sites of these specles have

in fact been found in the vicinity of the Omlersltepoort

trap. At "Kaalplass" O, pallidipennis catches again
consisted ciidefly of femcles (97.3 per ceutl) sussesting
agaln that breeding sites arc fairly distant. e other

four species, however, nad from 65 to 82.1 per cent
g 9 £
females so that breeding =ites of thes

S
provably not very far from the trap site.

4. SUMMARY AND COKCLUSIONS

Pive agpecos of the biology of Culicoides midges in
the Onderstepoort area were sivudied, They were tie

life-cycie in the laboratory, breeding-slues, Lours of .

activity, seasonal variastion in abundaince and 1463

i ol )

correlation with weather, and seasonal variation in

avundance of five specles. ilogt of these studies

T Traps.

- 1 2

depended upon the use of suction-type 1ig

LJ‘\""

Luaborasory svudies on the life-cycles ol Culicoides

-

species coumsisted ox observabvions made waille rewring
e

eigiht species for laver situaies on vhe morphology of

he imnature stages (Part II). ‘he Tollowing sneciles
the imnature ages (Part 11 The Tollowing cclec

were reared - ,

© University of Pretoria 330 / ens
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C. malliliwernig, C. oycnosticius, C, dictincui-
pennis, C. nivosus, C, sciulivzei, . milneil,

The life-cycles of these species are gimilar, che
average veriod Ifroa ezg e agy veing 2% days.
Theoretically tuerefore; a zeneration can ve completeld
in 25 days at 70 to 750F. Tre muziber of eLigs per

betelr varisd from 68 1o
cation below 100 per cent R.E. killed m

few survived wihich gugoesss chab short dry spells may
be survived in the egy stage, Eggzs natched wnile

sgubmerged and larvae survived immersion for more than
six days indicatbting sthat imundoetior would apparently
not adversely affect These sitages. Punae of all species

excepv C, pallidipennis, floated to the suriace on being

immersed in water with no adverse eifeccig upon iult

euersence, oirce C. yaLlidiQennis pupas crown, it can

be expecited vaalt in inurnd

.

ted o
T T R i 3 PR oy rlm A
tne pupal staze will e uelayud nntil sucihi argas have

dried ouv somewnab, Esgs stored at 6.500 all hatched
after seven days storaszc. Thereafter viability

Gecreased rapldly wilth looger storwge, Overwinvering
is thus unlikely to take »niace in this sitage. Larvae

were unaffecced py this fteuweraiure for 14 days, loager
periods not belng tesibad. Aduits were recared from
ollectad in the field in the wmiddle of winter.

c
Overwintering can thereforce take »nloce inm The larval

stage. a nixivure of weil and bovine wmantre was sultable
for rearing C,., pycunoplbicous, C. distincltipennis,

C. nivosug ard C. bedlordai, but poor for che othér

specles., Culicoides larvae arec probabdly carnivorous

and U, milnei @n& g;lgﬁvosus were seen to be

cannibalistiic, Larvae normally feed in the guriace

layers except C, bedforal walch was never secen during its

bA
)
<
@
e
ci
&
OJ
=t
=
jon
e
!
-
o
s
C
o

entire lorvedl gtage. Toenpts

-

)]

)

o1 3 were unsuccessful since

laboratory colony of Cull e

éO
t

leboratory-resred adults would not nate or take a
blocd-men]

Dr, R.M. dv Toit and Dr. C.G.ii. Piedler ixn 1949
11

1950, found C. idiveunis breeding in thrce sites,
211 of whichh were molgv kikuyu grasg-—-covered 4reds.
The main breedinyg site of thiis species Lis yeu to be
determined butd canm de expselted To be comparatively dry
(terrestrial) vince €, wallidivennis pupac 4rovi.

e/ e

-
<
54
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breeuing in manure-polluted

trousis, in sarshy areas and

of pools and svreans,.

A study of Culicoides activity showed them to be
abundant at any btime bebueen 9 D.xm., and D a.o.
depeniing on prevailing weathicr conditvions. The »neriod

of poor catches between 7 p.m. and 9 p.u. could be
correlated with a coumbinabion of hign temperavure and

relatively low huaidivty.

A study of the seasonal variation in abundance of

] .

i3
Culicoides midges wag coaductew over o period ol three

years. Avtenpos to courelate seasonal

abundance of midyg anG rainfall. It

ot )

was concluded tho slayed a miror

role. Low tempers 23 1 winter Jelayed Llarval
developument so that few or no adults were caugnt in
June, July and the Iirst nalfd of Aujust. Aedinfall

. . . o 1 -

etermines the sige of the catelh between
ol

0.

apparently
september and luy. Eacr
clevenfold increase in catcel. was recorded in Jonuary or
Tebruary. Tiiree possible explanations are
The first correlates bthe increase with weavy rains early
in sumier, three months beiore the increwse, uvhe delay

in development bheing due o periods of partial desic-—

(J
o

. “he gecond C,X‘\).Li." asion

[

cation of tne breedin: urs

correlates the snerp incrcase with heavy summer roins one
month earlisr. This agrees with Uhe laboratory obger-

vation that o zeneratvion wmay be completed in one month.

The third explanation ig a combination of the Ifirst two

but takes dinto account the observation ihat catches always
drop during the period of heavy sunmer rainfall, one

[

montix prior Lo btanc sharp increase. Irundation of brsed-

-

ing areas caused vy these rains, may delay development Uo

.

<
the pupal stage and result in o bulld-up of Culicoides

larvae and fGhe subsequent sharp increagse in catches one
i
montvh later.

A guudy of thie scasonal veriation in five Culicoides

gpecieys sunoviel venndg ant C. gehultzel to

have one peak of sbundancce cccurring belween HFebruary
and April. e rewaldning species ghowed an early peak

in Fovember or December witi: one or more laver peaks

between February aund April. Since C. oallidipeinis nay
congstitute un to 97.4 »ner cent of the CoGerstenoors

© University of Pretoria
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tle same btheories Torwvarded eqriisr can be used
its abundance at certalun times of Tle year,
pecles are apparently not so dependeillt upon
A 1ight trap at "Hazlplaas? shoved siwilaxr

neies i catches bvuv C. wallidigennis accounved

ess than 4C wner cent of Gihie catel belore January.

xwlanation for tihe nigh perconbtage C, pallidipennis
in the Onderstepoort trap, was its roxi.ity to
enn mule sitoble whiclh served o councentrate thig

es din this areca.

© University of Pretoria
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PART 1T The Horphology Of 1Lhe Iwzature

Some South Airican Culiccide

1, JITRCDUCTION

The immature stages always Ddeen

relatively unknowm ezcelt regspousible for
Glrect annoyance or damaze vo man and hig enviromnent.
Culicoides adults were relativel; unkunown until their

importunce as vrensnitters of

<

arious discase orzanisms
Vas recognized, 1theiy immasure stages have on tie wiole
been ignored. Only witi the change in emphasis from bthe
taxornomy of the adult transmiticr, o a study of its
biology and ecolozgy, has avbtention been Focussed on the

larval and pupal stages. Recognition of bthese staszes
is egsential wvhen studying vhe biology of the species.,

Hill (1947) made a thoroug

( W osurvey of the 1i
dealing with the imuature stuges of Culicoides wpe

exioting kmowledy n the midoes o

however, iwu bthav avnart from the

res’ 10“0

Carter et _al. (1920) gave good seaeral degcripirions

of the pupae of seven Culicoides snecies, viz.

C. imornatipennis, C. punctithiorax, C. clawrksd,
(\ S
V) U

. scimultzel, C, accraensis, C, criodencroni and

. nigripennis, and described the larvae of the lass

C

four of thesc speciles. LThey werce the {irsc vorkers to
describe the morphology of Culicoides larvac and pupae,
anG drew attention To Tthe number and shape o

the posterior margin of vhat btihey called
er

s}

mpeal-sclerites.  This cuaract is teday

recognized aa vein,, of comsiderable valuce in larvael

identification. Of ta2 species —entioncd avove, ouly
C. clarkci and Q:_inornﬁtlgeixls wve 1ot been recorded
fronm South africa, The only other work om the
immature stages of Soubh: african Culicoides species is
that of De Feilion (1936). He degeribed the pupae of
©Umwnydeam ,
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C. meeserellus and C, alexisg. Fiedler (1951) has shown
that these are synonyms for C. pycnogiictus so0 that

De Meillon's two pupal descripsions reler to the same
gnecies., These were dewcribed from single Sgecimens

A, .

and differ considerabvly, especlally in the feabures of
racic horan and caudal sezment. In 1937

o
1lon dewcribed C, cornutus, C. enzubandel and

pupae, but the degcrigstions and drawings are

inadeqguate o permit a thorou h ccmparison.

@

It is tne purposce oi Ghe following investigation
to make a thorough morprological study of fourtn instar
larvacs anc of pupae, paying partvicular attension to
certain morpholo icil characters which other workers ha

a
Tound to be of value, but atv the same time To ilnvestiga

possible new caarccsiers, and to construct a tentative
key for the identification of the specicu studied. This

worlz will lopefully form a basgis for fubure situdies and
€

the eventual construction of a key for the ildentification
of the immature steges of all Culicoides species in

South Africa.

Por these studics the writer was able to rear fourth

instar larvae of C, waliidipennis, C. pycuosbicius,
C. distinctipennis, C. nivosus, C, schultzei, C. milnei,

3

and pupze of all tluese

£
o

C. magnus and C. be diordi

gpecies excent b

2, MATEIIAL AND IET:0DS

(a) BSource of katerial for 3tudy.
Nearly all the material svudled were the lavoratory-—

rearcd progeny of a number of females ildentificd

cgg laying. This procedure has been fully desc

Part I since this metiod also allowed &

tie life-cycle of the species concerncd.
In order to obtuln fourth ingvar Llarvae and pupac,

the rearing media were closcly observed and

adults emerged all larvue and pupae werce collected by the

magznesium sulphate flotation method de b

These were tihen killed in hot water and preserved 1or

study in 70% ethyl alcohol,

Another nmeans of obtaining material is by rield

collicction of larvae and nupLc. Tairly accurate larval
identification is »possible 1f & proporiion of tue larvae

© University of Pretoria
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is fairly safe to conclude that this is the
identity cof the larvac. This method was not used to
obtain larvae for tie present study as it was cowmon

for more vhan one speclcs (o emerge Irom a gingle samble.

Pupae collected in the field, however, canx be safely
used in these studies, Lach pupe collected was placed
on moist tissuec paper in a small stoppered botile. The

emerzing adult was then identified and preserved together

with its pupal exuvia,

(b) Preparation and Study of Material.

- :

The preparation of material and the metiiod of study
(¢) to be studied and especially

¢ of development, since pupace can withstand nore

reatment than the soft bodied larvae. 1t is as

o
well bo deal witii larvae and pupac senarately.

(1) ZLarvae.

ilie more prominent larvael featurces such as head

colour, eye-snots, pi uaentation, etc., could be clearliy

seen vy vieving larvae Iin alcohol uvander a dissecting

- -

microvscope, witih ircident light, a white backsground and

x 50 megnificavion.

’ﬂ
3
C.
E
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H
©
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De using transnitted 1igh?t, with the

0
larvac temporarily mounted in water under a zlaos

coverslip. Avout 20 larvac per gpecies were measured
and where duplicate material was avallable tals was
epeated as & check, AfYver measurement the larvae were
returncd to storage in T70% alcohol. Heasurenents were
made using an eye-piecce micrometer wiaich wag standardizged

ia stage micrometer to give readlngs in microns,

A methiod of preparctvion for permnanent larval mounts
which was suitable for vicwing most structures including
the gsetae of btize head and body, tlhor.cic piligmentation,
eye—-spots, ebc., was to allow alcohol-preserved larvas to
remain at room temporature in Berlese's f“uiﬁl for at

least one nizht before wmounting in the same fluld. An

1. o
Formula for Berlese's [fiuid -
60 grams Gua arabic
40 grams Glycer1V~
400 grams Chloral a4
- ©UmwmtﬁPMNm
100 groams Distilied wvater

[
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alternate method wag to lecave the larvae overnight in
X . 2 . . . - -
lacto-chloro-vicnol™ before mounting in Berlcese's fluid.

The latter nmethod did, however,; tend to make the cye-

spots fainter.

0 gtuuy the pharyngeal gkeleton in detaill it was
necessary to open the head capsule of treated larvae,

and using minuten pins to diggect out vthe mandibles,

hypopharynx and eplphorynt. Lreatment prior +to ais-

(,

gection coasisted of gertly boiling the larvae for aboutb
five minutes in o 10 por cent agueous £0

caustic wmotash (XKOi) or leaving them for some wezks in
lactic acid. The KOH method is :

Tawson (1952) who alsc dissected out the pharyascal

skeleton., Tinley and Kettle (1964) ctudied the
pharyngeal skeleton in situ after prolonged trcatment
of the larvec in wara (60°C) lactic acid. The writer
found, however, that only the larger cowmbs could be

clearly seen in situ, the smaller combg and hypopaarynx

being obscured. The components of Tthe pharyngeal

skeleton were mounted in Berlese'!'s fluild and situdied

under an oil immersion lcong.

(2) ZPupac.
In the mountiling of intact punae or pupal exuviae it

oy

o o

is essential vhat most ol the body contents be removed

anc that setae, especially on the ccphalo-thorax, be made
clearly visible by suitable treatment prior to mounti

Llnley & Kettle (1964) recomnendceld clearing specimens in
yarm lactic acid for several hours., Thig method was
ul

found to he effecvive but betler were obtained

results
by keeping pupac in warm (+ 52 °¢) lacto-chloro-phenol for
i
Be

at lecst one nizht belfore mounting in rlese's fluid.
In pupal situdies certaln characters mist be viewed
sally and somc latcrally. F his reason 1t was
dorsally and some latecrall For ti reason i S
found useful to mount half Tthe pupee intact in a lateral

I
1

position while the remaining half were digsccied and
mountaed uvnder separate coverslips on oune slide as
followis :— The operculum was dissectlbed off and mounted
for dorsal view under one coverslip; the last two or

0 1

three abdominzsl sezments were mounted d

2

Formula for lacto-ciiloro-phenol -
Chloral hydratc - 2 parts by volume
Lactic acid -~ 1 part by volume

Phenol © University of Pretofia 1y 1 volume

oL
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under another coverslip; and the remainder of the pupa

was mounted in the sane position under & third coverslip.
All arawings were made using a arawing tube attvached

to a compound microscope.

3. DISCUSSION OF  RESULLS

(a2) Tourtih Instar Larvae.

(1) Recognition.

Apart from an increcasc in size with each instvar,

B

other larval charucters such as fiohu&t&thu and the
development of the pharyngeal skeleton reach their final
form in the fourtih instaxr. It ds din Thais staze thatb
these characters can be geen at their best and is an
important reason Tor the study of this stage.

It is, however, not easy vo differentiate between
the last two instars of a mixed sample of unknown species.
IThe first two instars are seldom collected because of
thelr very small sice and may be ecasily differentiated
Ifrom fourti: instar larvas on head lensth aloae. For
exanple first instar larvae of the largest species
ledy; viz. g, milnel have a neod length of between

&
70 and 80}1 while the head of the smallest specics

C. pallidipennis dis belween 59 and 66 p long. Second

lengti of less than 120 u,
whicli camnot be confused with fouvrth instar C. pallidi-
pemnlsg widch have an average neud length of more vhen
130 u (Tavle 9).

he ] -

Where head length is comsiderably longer Ciwn that

-

of the third instar of the largest species, viz. C. miined

&0
(+ 160}1) it is probably safc to assume Uthat the speci-
mens are in the fourta instar. Where head lengt
shorter then t..is, however, &g in the fourth instars of

I

C., pallidipennis, C. bedfordl and C. schultze;, further

ways of recognizing fourth instar larvae are necesgary
(Table 9).

Perhaps the most reliable method 1g o try and devect
gigns of pupation, Mihe first wignes of this are the
hollowing out of the mesotiioracic and uetathoracic pailred
lateral bodies as tuey are pusied in by the growing
imaginal buds e later the typical pupal st ctures,
guch as the respiratory isorns and the caudal spines,

le

become visild vut by this tiwe the larve is so distorted

© University of Pretoria
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lentification very difficult”. (Kettle &

In heavily pigmented species thie paired lateral
bodles of the meso and metathorax cannotv be seen easily
but the same "hollowing out™ effect is obtained due to
the layer oif pigument cells bveing shiouldered up by the
imaginal buds to form a clearly defined indented lateral

margin to the pigmented arcas (Fis. 6) (Lawsom, 1951).

Where a single species 1s present it is easy to

recognize the various insters

[ e

on tne basis of Dyar's law
that heod nmeasurecuments increase by & cerbtain Tfixed ratio
iv

for & species at each successive moult, oilnce firsdt

instar head lengths for the elght specles studied vary
¢ vo calculate which

ingtars are present. Kettle and Lawson (1952) zive a
Tull explanation and examples of the procedure to adopt

in tielr study of British biting midges.,

Tarval lengti: varies greatly between species but

must also depend on conditions in the larval mediwum,

From Table 9, however, it 1s probably cafe Lo coiclude

that larvoe suaortver than 3.0 mm, are not in the fourth
1s

ingtar, and that larvae longer than 3.0 mm, are probably

T

either in the third or fourth instar,

(2) Goneral Featbures.

features which may be used lor the direct identi-
fication of some species or to sort the larvae 1nto
groups for Jater more detvailed study are :  the colour
of the head, the shape of the eye-snois, Tthe presence
or absence of pigmentation onm tie thorax and tlie

distrivbution of this pigzmentation. Tue general features

~

-

of the eight species studied are summarised in Table 8
and shown in Figures 5 to 12. The fo¢1OJ1LO con-
clusions can be drawn from Tuble 8 :
Head colour,
C, mallidipennig, C. masnus and C. milnel all have
e

brown or amber-coloured ieads, the
species being dark cream or struw-ccloured.
bye—soots.

C. nallidipeunis zenerally shows & pair ol almost

circular spots compured with the comua-shaped eye-spots

of the otlier severn species.

© University of Pretoria 42, /
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Table 8. General features of fourth instar larvae of 8 Culicoides
Species.
Species Head Eye-spots Neck Prothorax Mesothorax Metathorax
Ce distinctipennis Dark cream Comma-shaped Unpigmented Brown pigment Pigment similar Pigmentation
(Pig. 5) except for fills segment. to prothorax. reduced. Two
odd spot. Open spots in Narrows pos-— dark lateral
pigment some- teriorly. Two bodies some-
times present. dark lateral times present.
bodies some-
times present.
C. pycnostictus Dark cream Comma~shaped Unpigmented As above As above As above
(Fig. 6)
C. nivosus Dark cream Comma-ghaped Irregular As above As above As above
i central
(Fig. 7) pigment
usually
present.
C. schultzei Dark cream Comma-shaped Brown As above As above As above
24 o irregular
(Fig. 8) pigment
for most
of width.
C. milnei® Brown Comma-shaped Sometimes Brown local- Pigmentation Lateral bands
(Fi 9) pigmented. ized narrow gimilar to of pigment
g pigment strips prothorax. only.
anteriorly and
laterally.
C. magnus Brown Comma-shaped Unpigmented Unpigmented Unpigmented Unpigmented
(Fig. 10)
C. bedfordi Dark cream Comma-shaped Unpigmented Unpigmented Unpigmented Unpigmented
(Fig. 11)
C. pallidipennis Brown Circular Unpigmented Unpigmented Unpigmented Unpigmented
(Fig. 12)
#

In C. milnei isolated black spots may occur superficially on the thorax.

© University of Pretoria
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Pilianentation.

When present, pilguentation is mosi pronounced in
the prothorax and usually diminishes in the meso and
metathoraces, the small geguent between the head and
prothcrax rorms tie so-called "neck" which may also be
pigmented (Fig. 10).

The pigment layer is

<

ery superficlal and is

-

usually restricted o the dorsal and dorso-lateral

J

regions although it is sometimes found as a narrow
ventral band in the posterior reglon of the metathorax.
Pigment appears to consist of very small particles
giving a diffuse effect, bulbl particles are often formed
into circuiar groups giving a more mottled appearance.

~

Open circular unpigiented areas are co:

non in cervaln

-

species especially C. cnostictus and C, nivosus.

From Table 8 and Fizures 5
that the eight specles may be arrunged inbo tuaree groups
according to vhe type of pnigmenvation. The firsv group
includes thoge species whicii nave a diffuse type of
pigrentation which £ills the protihorax and dianinishes
pogteriorly in the meso aund metathorix, viz. C. oistincti-

pennis, C. oycnostictus, C. nivosus and (. schullzei.
9 s, P M lsm Y RS it

The second group 1s made up 0oL one shpecies, €., milnel
R i [ S eprlem vt
o)

CQ

which has narrow bands of very well defined areas

vigmentationy and the third sroup includes the three

unpigmnented species O, magnus, C. bedlordi and

C. pallidipernnis

:

The following measurements were made of fourth instar

larvee of the eisut species suudled :~ Licad length, head
breadth, width &t oral ring, disbance from awmverior
norgin of labrum to eye-spob, distance belween eye

and larval length, An indication of the shape of the
head is ziven by the ratio head lengti as To head

breadth and called the head ratio. Fead

4

ength was
measured from the anterior margin of the labrum along

the mid-line to the posterior margin oif the post

occipital ridge. Breadvhr was measured at the widest
part of the head, orcl ring width was taken Iron a

straight line cornecting the hind borders of the sub-

genal band, and the lenzth of tuLe larvae Gid not include

a2nal papillae (sse Fig. 13). Only five C. mannus were
neagured due o a shortase of material. lieans and

o, -

standard deviations (S.D.) Frow the means were calculated
and bthe results arce given in tadle 9.

© University of Pretoria



&
=

BE  universiter van preroria
&, UNIVERSITY OF PRETORIA
QP YUNIBESITHI YA PRETORIA

- 44 -
Table O. Mean measurements and standard deviagtion from mean
(8.D.) of fourth instar Culicoides larvae (in microns).
; Date Number Head Head Head Oral Labrum to Distance Larval
Species Reared Measured »arameter Length Breadth ratio ring eye between eyes length
C, pallidi-
pennis 5.11.63 20 Mean + S.D. 136.1 + 3.6 102.4 + 3.8 1.33 + 0.05 68.5 + 1.9 74.2 + 7.0 54.7 + 6.1 3398 + 187
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
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 x 235
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-
pennisg 11.11.63 20 . + 3.D. 170.0 + 3.2 115.6 + 3.0 1.47 + 0.03 78.1 + 2.0 102.6 + 6.4 6l.6 + 4.6 3676 + 139
26, 3.65 20 . + 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
C. nivosus 31.10.63 20 M. + S.D. 177.4 + 5.3 129.0 + 5.3 1.38 + 0.04 89,2 + 2.7 112.3 + 9.0 71.5 + 8.5 4455 + 183
8. 4.64 20 M. + S.D. 179.6 + 7.3 131.8 + 9.2 1.36 + 0.07 B86.0 + 4.2 99.4 + 5.2 73.6 + 6.4 3810 + 448
C. pycncstictus 25. 3.64 20 M. + S.D. 183.2 + 5.4 132.6 + 5.9 1.38 + 0.07 87.0 + 3.8 99.5 + 4.3 T4.3 + 4.6 3717 + 174
9. 3.65 20 M. + S.D, 180.4 + 5.6 127.9 + 4,5 1.41 + 0.02 82.9 + 3.3 96.4 + 4,4 72.2 + 4.6 3432 x 211
C. magnus 9. 3.65 5 M. S.D. 203.5 +16.1 133.9 + 4.4 1,52 + 0.14 85.4 + 3.8 105.2 +10.6 7T4.6 + 2.4 3778 + 317
C. milnei 8.11.63 20 M. + 5.D. 223.2 + 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, / o
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The meagureunents of wvhe discance betuween labrum and
eve, and betveern eyes were iunclufed Zor their possible
taxonomic value, but they add notnl
given Dy the ovher meagurawents suguest
Lavson (1952). There appears to be Little or no
correlaition hevween the lonith or breulvir of
and the larval lengti, e.g. in the duplicate gample of

C. nivosus, the newd msasurerenits were sligh

than in bthe first sample wierecas larval length was very
much shorter. The larval lengbhs therefore can only

gserve as rough indicatorg of wshe gpecles or ilunstar,
and are wrobably dependent on larval age wishin dhe
instar and on conditioms in the larval medium. For
secies studled 1t may be sulficlient to say that
lengti varied irom approximately 3.0 ., for

smailest species Lo avout 4.1 mm. for the largest.

Head lemytn, lLiead dbreadvh anuy the widltin of the oral
ring are very usciul indicators of the icentity of a
species wicre tiile cannot be devermined by easler medns.
Moct of tie eight swpeciles studied are falirly easy to
identify under x 50 magnificavion using the characters

0

in Table 3 sucii as the presence or absence of pig-

mentaetion, ete., or vy a careful study of thne dorsal

comb of the epipharynx (see luter). C. gistinctipenunis
and C. pycnogiicbus cannol, hwwever, be distimgulshed oa
thiese characters wnd resort to differences in head
measureulenss nay have to be made.

(4) Detailed Study of the Heads.

Under oil immersion the pharymgeal skeleton and
mardibles could be clearly discerred, butbt no atocn]
made o truce and stuly the antemnae, lad e
and labiw:, since a3 poinved oult Ly Lianley & Kettle
(1964),"a large amount of careful vork on properly P
naread specimens would be necessary to appreciate them
and at the best they could only be employed as coi-
firmatory characters on a few lurvae of doubtful identity

and would not be applicable to larse nuabers',

Where possible the nmandibles, epipharynges, and

hypopharynges ol ch species were drawn

£

€

3ix larvae or e
under oil dmmersion, and the clearesst and most

reoresentative of these draulngg appear in Figures 15

To 32, Dorasal and lateral diagramatic vievs of a larval

nead showing all the sisrucitures to be discussed,

© University of Pretoria 46, / .
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Each Culicoides larva possesses Two mandibles waich
articulate antero-~-dorsally, and nove aimost parallel to
each other in a vertical plane. As pointed out by Kevtle
and Lawson (1952), nendibles are difficulc to describe

z2nd comparz as "a slight alteration in thelr pogition

mnakes a considerable oh&ngo in their appearance'., Lhe
mandibles appeariig in Figures 15 to 22 therelore give
only & general indication of their structure, shape and
size., The preseince of a setva or sebtal sockes postero-
laterally, and tihe possession of a siugle tooth, appears
to be characteristic for The species studied. The
lengtus of the mandibles are given in Yable 10,

Tanle 10, Length of mandibles T fourti dinstar

Sulicoideg larvae.
Species Humber umecsured Romge ()

C., pallidipennig

Lo
.
.
o
1
o
(@%]

IOy
o
(@]
.
o,
H
L
N
ne

C, bedfordi

L
.
(@)
.
(@2
1
;

9
C., schultzel 3
C. distinctipennis 5 44,1 - 49,3
. nivosus 6 50,5 ~ 57.5
C. pycnosticius 8 51.0 = 55.1
L. magmus 2 47.6 = 54.0
C. milnedl 9 51.6 - 55.6

Mean mesasurements in “able 9 of heaw 1
breadth, and width of the orul ring, are noticeabvly
greater in C, milnel than in the other spec
Table 10, however, vhe length of Tthe manuibles of
C, milnei does not diifer significantly from those of

C. nivosusg, C. pycnostictus and C. magrus. lMandivle

length in relatvion to the other head measurements Jjust
mentioned, is taus another chardaciter wiich could poszibly

be used in the identificatiorn of species.

(b) fLhe Pherynges.
The pharynses or yuaryngesl skeleton comsist of ©wo
main parbts, the Lhyporharynx and the epipharynx. To-

L

gether these Torm the wiulls of the pre-oral cavi

-

vy

(i) Hypopliarynx
This is made up of & concave or trough—-siwaped

membrane which forms the floor of The pre-orul cavisy
i

anGé waichh is su Cﬁﬁ%ﬁﬁm@%%gmtf gecliercitized lateral arms.,
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T region is of a membranous navture and is

eriorly into what appears to ve a tube.

:

g
) has shovn that in C. nubecul
t opens in this anterior sectil

aypogh VY .

The hypophurynses of seven of Tthe eight speciles
studied appear to be very sinilar in structure and a
single figure (IMig. 23) ig representative of these seven

species. C. _schultzel, however, differs markedly in

1
that the trough of the hypovhorynz is dark and 11."ous

in navure, and not am welicave ag that of the other
species (Fig. 24). In all species the pouterior edge

of the trough is prolonged into fine membrancus teeth

and the tip of the so-callcd lor hypopharynx'" is

flanked by four or five very small Tteet.. or "denticles',.

The fact that the hypopharynses are not all alike,
sugsests that they may provide useful charucters In

larval didentification.

( 11 ) hkl:'vl"“‘j‘]:ﬁi: R

The epiphorynx wakes up the other half oi the

pharynges ana forms the dorsal wall to the wre-oral
cavity (Lawson, 1951). Iv consists of & nuiber of
nlate-like sclerives closely associated with one another

to form the epipharynx proper, and this is suspended in

the. trough of the hypovharynx by two lLeavily sclerotized
lateral arms (Figs. 13 and 14). These arme are of minor
importance from bthe taxonomic viewpoint since thelr
aprearence varies conslderably depending upon che angle

|

S )
Ve
-
[l
¢
1S3
o
(0]
=
w
O
K
~n
-]
\o)]
N
o
=
H
jny
6}

in whicio tuey are moun
arms may poussess swall sclerites or membranous teetlbh

hich may serve for muscle a

Xettle & Lawson (1952) describe two

e 0l plarynx. In the first type or group tiere are
bagsically four sclerites present. The 0

is divided into a pair oi roughly triaz

the posterior edges of witicl: arc toothed., The posserior
edbeL 0x the other sclerites ma) De swmoctii or hiave rounded
ojections or definite teeti.. The epipharynx in this

tized and pigmented (C. rmbe—

i
group is heavily scler
T

i 0
culosus sroun) . e eplpinarynx in the second zroup is

nore ligsis and gclerotized, and nere all

i
sclerite referred o as combs',

(.

coun is the nost prowinent and

)

Fudar sclerites, the

ig divided into two wrousindy Gris
tecth of whiclh ca@ UnivemitydfiPrberielecriy made out under oil
’ /
Ll'oo / * 9 e
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immergion, This is regarded ag the fi
series so that as one procecds ventrally the others have
been named "second’, "third", and "fourth¥ coubs (Kettle
& Lawson, 1952). The fourtvl comb is sometimes called
tlhe ventral comb, These combs may not all Dbe pr
and often cven when prescnt they are vex

X . - o

ructure or because they may be

<y

see due Vo their Tine s
obscured by some overlying structure,
4.
U

The eigh ecles studied appear To fall into tne

second group silunce mogv have three or more combs with

i

well—Cefined teeth. In C. »mallidipenmis, however, only

o
<
-3
o
(e}
©
B
]
(@]
e
B
o’
(0]
0]
6]
[
o
e

S They are the dorsal comb and

what must be the ventral comb (fourtl: comb) since it is
well develoned and there is space eanough beivween it and
the dorgsal comb for the two missing combs. The Pisures

25 to 32 represent ventral views of disseccted and 1ia s

epipharyngzes. ‘they mey be called diagraenatic since for
c

clarity it has Dbeen necesgar draw each comb distinct

=
=
~

G
from the next, wiereas in realll the combs are suver-

imposed.

Tie dorpal combd is the cleurest structure or the
gpipharynx and wmrovides sone very useful characters for
taxononic PuUrposcs. Ihe znumber of teetvi o each Lalf
of thig comb can be fairly clecarly distinguisined evewn in
an intact treated gpecimen, and as can be seen Irom
Table 11, there exists a significant difference betueen

the snecies studied.

C., schultzel is che moul siriking example, having
only three large teeth om eacly half of tlie dorsal combd,.

These combs in bturn are flianked laterally by & single large
o Jl i )
tootha or
lateral arms. The remziring species may be grouped
rouighly incc those with less than 14 and those witl 14 oxr

more teetlhi on each half of thwe dorsal conbe. The 1latcter

includes two species, viz., C. pallidipennis end C. nagnus.

Careful dissection and mounting is necessary for a

study of the other tirce comds. wxcept in C, distincii-
pennis, C. mivosus and C. pyenosivicltus, 1t was almost

bl piohl

impossible to deterwmine accurately the muaber of teetl

in these combs. No trace of & second or thira coumbd
could e found in C, wmallidipennis. These combs i

C, nivesus appewr to have more veeth tlLan those of its

\ S e e T Y e TR
wnis ana C. pyecnosticious,

ives C, distincitip

TS
b

i
which are almost identical , otiaerwise tlhiey, are probably

of 1itile or 20 i uANeRI T PedhC ‘9. /
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Table 11. Details of epipharyngeal combs of

fourth instar Culicoides larvae.

‘ Number of teeth per comb Wédth if ha%f No. of
Species Dorsal® Second Third Tourth Of?i) oo specimens

C. pallidi-

pennis (14)-19 - - (6)-9 12.8 = 17.4 9
C. bedfordi (11-12) () (14) (14) 11.6 ~ 13,3 5
C. schultzei 3 ) () (12-20) 10.5 ~ 1l.1 5
C. distincti-

pennis 8-9 5-6 8 16-19 13,9 ~ 16.2 6
Ce nivosus 10-12 8-10 11-12 (20) 15.7 ~ 16.8 10
Ce pycnostictus 9-10 5~7 8-11 16-(19) 14.5 - 17.4 8
Co maznus 15-(18) () ) ) 19,2 - 21.5
C. milnei 10-(13) (4) (N (8)-12 2063 = 23,2 11

ﬁRefers to number of teeth on each half of dorsal
comba

()

Numover of teeth uncertaine.

The size of the teeth of the dorsal comb may serve
as a diaghostic character, In most species teeth are
almost equal 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 almost perfect semicircular serrated outline
(Figs. 25, 31 and 32), However, in €, distinctipennis,

C. pycnostictus, C. nivosus and C. bedfordi, each half

of the dorsal comb has the shape c¢f a hand so that when
adjacent, the outline of the comb hasg 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

50¢ / van
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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 the 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, 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-

pennis, C. nivosus and C. pycnostictus, although their

combs have the same basic shape.

In summing up, the following characters of the
epipharynx 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 conmb
and the number 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, respectively
(Kettle % Lawson, 1952) (Figs. 13, 14 and 39). Neither
these authors nor Linley % Kettle (1964) attached much
importance to the sutures or sclerites as taxonomic
characters since they noted very little variation between

speciles.

The eight South African species studied conformed to
a greater or lesser extent with the 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® URivgrsityldf Pretoria y
51- e 0
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The position, size, and number of setae on the head
were studied and appear in Figures 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 ol the chaetotaxy of the head as a source of
useful characters for sgpecific identification is very
limited. Tne arrangement of the setae and pits on the
head seems to be constant within the genus, and'only small
gize and positional differences occur from species to
specieg".

However, while studying the chaetotaxy of the larval
body, measurements were made of the length of head setae,

and setae on the prothorax and anal segument. It was
very difficult to discern the tips of mecst of the setae
even under 0il immersion, Exact measurements could not

always be made therefore, but since repeated measurements
of a number of specimens gave about the same lengths, and
gsince 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 measurements suggest that it may 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. magnus 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) Chaetotaxy of the Body.
Culicoides larvae possess a fixed pattern of setae on

each body segment, The arrangement has been described by
Lawson (1951) for C. nubeculosus and the setae each
identified with a letter. Tinley % ¥ettle (1964) adhered
to this terminology when studying C. furens Poey and

C. hoffmani Fox and concluded that :- "The chaetotaxy of
the larval body is grobably feairly constant throughout

e} "
the genus, ©t T T O Uniiversity of Pretoria 52. /
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Table 12. Comparison of length of head and longest
head setae of fourth instar Culicoides

larvae.
Species* :Fgan head Mean seta Ratio o? length
ength (1) length (u) head : seta

C. pallidipennis 135 35 3.9
C. bedfordi 145 53 2.7
C. schultzei 155 37 4,2
C. distincti-

pennis 167 42 4,0
C. nivosus 179 42 4.3
C. pycnostictus 182 47 3.9
C. magnug 204 75 2.7
C. milnei 224 62 3.6

2 - 5 specimens measured for each species.

In the present study a similar examination was made
of each species but the only differences noted between
gpecies were in the size and 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 segment 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 columns 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, getae
differ markedly in length since the setae of the head
are 2,1 times as long as thcse 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 seperating C. pallidipennis from other fourth

instar larvae.

53 . / LRI ]
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Table 13. Length of longest setae of fourth instar

Culicoides larvae (in microns).

Ratio setae Ratio setae
Head 3 Head :
Prothorax Anal segment

Nuinber . Pro- Anal

Species Head - ;
P measured thorax segment

pennis 5 35 17 25 2.1 1.4
C. bedfordi 5 53 53 63 1.0 0.8
C. schultzei 5 37 37 46 1.0 0.8
C. distincti-

pennis 2 42 49 53 0.9 0.8
C. nivosus 5 42 39 56 1.1 0.8
C. pycnostictus 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 Papillae.
Linley & Kettle (1964) found the variations in the
form of the anal papillae to be of value in larval

identification. In the present 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) Xey to Fourth Instar Larvae.

1. Thorax pigmented dorsally. 2
Thorax unpigmented dorsalily. 6

2.(1) Pigmentation diffuse, almost filling
the segments. 3

Pigmentation restricted to lateral and
anterior bands (Fig. 9).

ecesesssesese Co milnedi

3.(2) Pigment absent from the "neck" or
only an odd spot present. 4
Pigment present on the "neck", 5

4.(3) Head + 160-173 u long and
+ 110-118 n wide (Fig. 5).

... C. distinctipennis

© University of Pretoria 54, / e
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Head + 175-189 u long and
+ 123-139 u wide (Fige 6).

C. pycnostictus

o 0 0 0 80

5.(3) Three teeth present on each half of
dorsal comb of epipharynx, trough
of hyporharynx dark and fibrous
(Tigs. 8, 29 and 24).

gschultzei

e« e 8 6 00 0 08 Co

More than eight teeth present on each
half of dorsal comb of epipharynx,
trough of hyuopharynx pale and
delicate (Figs. 7, 28 and 23).

.......... . C. nivosus

6.(1) Eye-spots comma-shaped,
ratio head length : length of
head setae + 2.7

Eye-spots circular, ratio head length

length of head setae>»3.6, post-
occipital ridge possesses a ventral
median anterior projection
(Figs. 12 and 42).

eesss C. pallidipennis

7.(6) ‘tead brown, more than 14 teeth on each
half of dorsal comb of epipharynx

(Figs. 10 and 32).

tevereesssss C. magnus

Head dark cream or straw coloured, more
than 8 but less tihan 14 teeth on
each half of dorsal comb of epipharynx

(Figs. 11 and 30).

. C. bedfordi

s 00 8 00 s 0 v

(b) Puvae.
Tupae are more easily recognized than larvae since
they have a large nuimber of sclerotized structures which

mnay be used in identification. Pupae are also com-

paratively e=sy to coillect and the exuviae show all the

a £t inta s .
characters o hqatﬁﬁégﬁy&%ﬁﬁmm /
55. / vu.
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Dorsal and later.l views of Culicoides purae are
given in Figures 49 and 50, The amore important
characters are labeiled and these will be discussed
below. Unfortunately no pupae of C. magnus could be
reared so only seven sgecies were studied. Additional
material of €. pycnostictus and C. distinctipennis 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.
TLinley % Xettle (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-
thorax.

(2) Length.

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 specilmens
appeared tc have stretched in the alcohol while some had
a shrunken appearance. Measurement of the more normal
aypearing specimens showed C. nivosus, C. pycnostictus,

and C. mnilnei to be large species with an average lengti
of from 2.2 to 2.4 am., while C. distinctipennis,
C. pallidipennis, C, schultzei, and C. bedfordi were

noticeably shorter, aver.ging 1.8 to 1.9 wm, However,

in field collected specimens €, distinctigennis was only

slightly smaller than C. pycnostictus.

(3) Prothoracic Respiratory Horn.

This organ and its functions have been adeyuately
described by Lawson (1951), and Kettle & Lawson (1952)
have made much use of its characters in describing
British biting midges. Its size and prominence mske it
a very easy structure to study. It possesses a number
of characters of taxonomic value. These include the
degree of pigmentation as well as the region pigmented,
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 srpecies

studied.
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Table 14, Summary of the most important characters of the prothoracic
horns of Culicoides pupae.
. Number of Number oflipiracular Presence of
Species Spicémens Pigmentation papl-Llae scales, folds,
studied
Lateral Terminal etc.

C. nivosus 11 Distal 4+ of horn 2-3 4-7(6)* Dentate scales and
dark brown. folds in central

region.

C. pycnostictus 9 Distal + of horn 4-5 3-6(4) Dentate scales and
slightly darker folds in central
than remsainder. region.

4]
Field specimens 9 " 3-5(4) 4=T7(5) n

C. distinctipennis 10 Distal £ of horn 2-4(3) 2-5(3,4) Dentate scales and
slightly darker folds in central
than remainder. region.

"
Field specimens 8 " 2-4(3) 3-5(4) "

C. pallidipennis 6 Proximal %+ and 4-6(4) 3-6(6) Annulated rings or
distal + of horn folds in central
darker than region. Scales
central region. absent.

C. schultzei 6 Distal i of horn 2=4(3) 4-7(6) Annulated rings or
darker than folds in central
remainder, region. Lateral

tubercles pro-
nounced. Scales
absent.

C. bedfordi 7 Entire horn dark 3-5(4) 3-6(4,5) A few small den~
brown. tate scalgs on

proximal /3 of
horn. Slight
folds may be
present on
proximal %,

C, milnei 6 Entire horn dark 0 7-11 Small dentate
brown. (10) scaleg scatter

d
over proximal 8/3
of horn.

*

Ifumber in brackets indicates most commo%DEPmben of

niversity of

S&ﬁﬁ%}ae found.
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It can be seen that three types of pigmentation of
the prothoracic horn are found, viz. complete pig-
mentation, tip pigmented, or base and tip pigmented.
This provides a very easy method for identification, at

least into groups.

The arrangement and number of tracheal openings or
"papillae" is another useful character. C. milnei
for example is the only species having no lateral
papillae. This character was used by Kettle & Lawson
(1952) to distinguish the C. pulicaris group from the
other two main groups of British Culicoides species.

The nuaber of papillae, however, is of limited
value as a diagnostic character, since it is seldom
possible to distinguish all the terminal papillae, and
the number of papillae differ not only between
individuals of the same species, but also between the

horns of a single specimen.

The presence or absence of small pointed or dentate
scales and of transverse folds igs another useful character
for distinguishing groups of species. C. nivosus,

C. pycnostictus, and C, distinctipennis are the only

specles which possess 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. The third group includes those species

having sumall dentate scales but no rings or folds, visz.
C. milnei and C. bedfordi which have already been grouped

together on the basis of horn colour.

It was at first thought that the length of the horn
would be & useful character to distinguish between very

gimilar species such as C. pycnostictus and C. distincti-

pennis, as measurements of laboratory-reured specimens
showed considerable differences in horn lengths (Table 15).
However, meagsurement of the horns of specimens of these
species collected in the field showed them to be of equal
length, so that horn length agpparently depends on
conditions in the larval medium. ‘Unfortunately no field
gpecimens of the other species were colilected so that this
conparison between laboratory-reared and field-collected
specimens could not be extended. The examples above
should, however, be sufficient warning not to depend on a
comparison of measurewents for species differentiation.
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Table 15. Average lengsths of rrothoroacic herns

and antero-marginal setae of

Culicoides pupae.

ok Frothoracic Antero-marginal
Species Horn (u) seta ()

Lab.-reared

C. nivosus 267 54

C. pycnostictus 239 62

C. distinctipennis 161 54

C, milnei 1560 71

C. pallidipennis 160 94

C. schultzeil 227 30

C. bedfordi 139 51
Field-collected

C. pycnostictus 196 54

C. distinctipennis 205 54

* . .
9 - 21 syecimens measured for each species.

(4) Operculum.

"The dorsum of the head is occupied largely by the
"operculum", 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
when the adult ecmerges, the operculum, a convenient name
to retain, is simply reflected forward, as on a hinge,
and returns more or less to its criginal position after
the adult has emerged. The anterior border of the
operculum bears two large tubercles, which each carry a
single, large, articulated seta. These are the antero-

marginal tubercles", (Lawson, 1951).

A large arez of the operculum may also be covered
with spines of sizes varying from minute projections of
the integument (spinules), to long seta-like structures.

Kettle % Lawson (1952) although recognizing
variations between opercula of different groups, found
differences between sypecies within a group to be non-
gignificant, and were therefore reluctant to include
characters of the opercula in their key to the
identification of British biting midges. The fact that
an unobstructed view required the operculus to be
disscected off, also detracted from its value as a
taxonomic character,

© University of Pretoria
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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-
marginal (a-m) tubercles and setae will be discussed
separately in the section dealing with head tubercles
and setae.

C. nivosus (Pig. 58).

Spines ranging from medium to short, sturdy, densely

cover entire area posterior of a-m tubercles but absent

from posterior guarter and between a-m tubercles.

C. pycnostictus (Fig. 60).

Spines short, sturdy, decreasing in size to minute
rounded projections (spinules). Spines cover most of
the ares posterior to a-m tubercles but are absent from
posterior quarter. Spinules are present anterior to
a-n tubercles and sometimes between these tubercles.

Field collected specimens siwmilar.

C. distinctipennis (Fig. 59).

Spines of some size and distribution as
C. pycnostictus except that spinules are absent anterior

to a-m tubercles.
Field collected specimens similar,

C. pallidipennis (Fig. 62).

Spines very long and flexible of about equal size.
Seldom more than 50 along lateral marginsg and posterior
to a-m tubercles. Sometimes between a-m tubercles but
never anterior to'them. Central area and posterior
third of operculum bare, Spinules absent.

C. schultzei (Fig. 63).

Operculum almost rectangular in shape, not
narrowing gradually posteriorly as in the other species.
Spines short, sturdy, scattered over area well posterior
to a-m tubercles especially along lateral margins.
Abgent from posterior sixth. Spinules abundant, inter-
spersed between the short spines, and present between
and anterior to the a-m tubercles.
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C. bedfordi (Fig. 61).
Spines short, sturdy, scattered over area well

posterior to a-m tubercles especially along lateral

margins. Absent from most of posterior quarter, from
small central region and between a-m tubercles. Spinules
absent.

C. wilnei (Fig. 64).
Spines very short. Sparsely scattered along latersal

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 speciles and
C. bedfordi are very similar and can only be separated on

minor differences. FPor example C. pycnostictus differs

from C, distinctipennis 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 Tubercles and Setae.

The pupel head possesses two prominent dorsal tubercles,
the antero-marginal and the antero-dorsal tubercles, which
bear one and two setae, 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 Figure 50, while detailed drawings
for each species are given in Figures 65 to 71. The
nomenclature used in naming the tubercles and setne of the
head and thorax is that groposed by Carter et al. (1920).

The antero-marginal tuberclesg are situated on the

operculum (Figs. 58 to 64), and may bear a short stout seta
as in C. schultzei, a izedium length seta in most species, or

a long thin seta as in C. pallidipennis. Generally a

‘distinct setal socket is evident at the base of this
tubercle. Average lengths of tlese setse are ghown in
Table 15, where 1t can be seen that laboratory-reared and
field-collected C. pycnostictus differ siightly in setal

length although C. distinctipennis wmeasurements are

identical. It would therefore be unsafe tc place reliance
on exact measurenents for differentiation of siecies.

61./.0.
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The antero-dorsal tubercles bear two setae subegual
in length. These are very long in C. pallidipennis and
C. milnei, the longest setae being more than twice as long
as the corresponding setae of the other five species.

The shorter setae in the two aforementioned species are
always wmore than half the length of the longer setae,
while in the othker five gpecies the shorter setze are
usually half or less than half the length of the longer

setae.

Two thin setae subequal in length 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 setaze cannot be discerned.

The length of the setae of the antero-marginal and
anteroc-dorsal tubercles can therefore be used to separate
C. rallidipennis and C, milnei from the other species.

(6) Thoracic Tubercles and Setae.

In the anterior region of the prothorax there are two
groups of small setae of very limited importance (Figs. 40
and 51). The most prominent group is situated on the
dorso-latersl tubercle, laterad of the base of the
prothoracic resypiratory horns. Two or tlhiree small setae
may be present but are not easily seen.

On the inner side of the horn base is a slight
swelling normally bearing a single small seta and called
the dorso-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 Figures 51 to 57.

On the dorsal hump 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
gockets 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:ecies. The
gecond seta, however, is very long in C. pallidipennis

and C. milnei but short and stout in the other five
gpecies. In this respect they agree with the antero-
marginal and antero-dorsal setae discussed earlier.

The third seta is very gshort 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. pallidipennis 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 Culicoides spascies 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 thle
scutellum and no great differences exist between species.
This character is illustrated in Pigure 49, which is
representative of the seven species studied.

(8) Tourth Abdominal Segment.
The abdomen is composed of nine segments. The

ninth or caudal segment differs markedly from the cthers
so that it will be considered separately. Segments one
to eight may possess outgrowths of the integument called
tubercles, which may or may not bear a seta. Lawson
(1951) has shown segments one, two and eight to differ
considerably in the number of tubercles and setae, 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 segments, and his lead has been followed by
Kettle & Lawson (1952) and Linley % Kettle (1964). For
the purpose of comparison therefore, the fourth segment

of the seven species under study has been studied in
© University of Pretoria 63. /
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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 0dd 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 gpecimens.

The shape and number 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, the l.p.m. and l.a.s.m. tubercles are
orolonged into two spines with a seta arising from the
centre of the fork formed by these spines (Fig. 83).
Kettle & TLawson (1952) used this character to dis-
tinguish the C. obscletus group from the two other major
groups of British Culicoides 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.m. tubercles 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 tuberclesg.

The setae on the various tubercles differ in shape
and length. These differences appear to be common 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 C. 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 common to nearly all species. 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
gpecies. © University of Pretoria 640 / .
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(9) Caudal Segment.

When viewed dorszally 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 of the tips 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
gquite useful taxonomically especially since "they are
readily seen under low magnification without much pre-
liminary work". In the present study the angle of the
cauvdal 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 Figures 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 sgpecies but are absent in C. nivosus and
C. schultzei (Figs. 88 and 87). In C. milnei scattered
scales connect this central patch with tke anterior rows
described eariier (Fig. 86). In C, pallidipennis large
gcales are arranged across the centre of the caudal

segment to form a single or double row (Fig. 89).

The tips of the caudal spines are darkly pigmented
or gsclerotized in all seven species, and one or two
sensillary sockets are present at the base of each sgpine.

The dorsal surface of the caudal gpines of six
species 1is covered toc a greater or lesser extent with
small scales, but these are absent in C. pallidipennis.

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
gcattered scales extend backwards on the dorsal side
almost as far as the bases of the posterior tubercles.
This segment is otherwise very similar to the fourth
abdominal segnent.

65 [ LI
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(12) Key to Tuiae.

1. Tip of prothoracic horn darker than rest of
horn (Figs. 51 to 55).
BEntire prothoracic horn dark brown
(Figs. 56 and 57).

2.(1) Small dentate scales and transverse folds
present on prothoracic horn (Figs. 51
to 53).
Annulated rings or transverse folds
present on prothoracic horn, Scales
.absent (Figs. 54 and 55).

3.(2) Very small dentate scales absent from
central dorsal area of caudal segment
(Fig. 88).
estsarcsssssss Lo nivosus

Very small dentate scales present on
central dorsal area of caudal segment
(Figs. 90 and 91).

4,(3) Spinules on operculum present anterior to
antero-marginal tubercles (Fig. 60).

essseeces Cu pycnostictus

Spinules on operculum never anterior to
antero-marginal tubercles (Fig. 59).

eseese Co distinctipennis

5.(1) Lateral papillae on prothoracic horn
absent (Fig. 56).

esseeeesatnoo e Ce milnei

Lateral papillae on prothoracic horn
present (Fig. 57).

® 4 069 95 0800000 Cc bedfordi

6.(2) Small dentate scales present on central
dorsal area of caudal segment

(Fig. 89).
eesseess C. pallidipennis

Small dentate scales absent from central
dorsal area of caudal segment
(Fig. 87).

esvesoscsese C, schultzeil
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4, CONCLUSIONS

Within the 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 1ittle 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 & 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 gee 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,

0il immersion is necessary.

5. SUMMARY

Alnost no work has been done on the morphology of
the larvae and pupae of Culicoides midges in Africa.
This study on the fourth instar larvae of eight Culicoides
gspecies and of the pupae of seven species is intended as
a foundation for further situdies. A search has therefore
been made among the many morphological characters for
those of possible taxonomic value.

The fourth instar is the iarval 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.

GINERAL  SUMMARY

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

specles except C. magnus. Laboratory observations on
the life-cycles of these gpecies showed :-

(1) The average period from egg to egg for all species
is 25 days at + 7297,

(2) Eggs hatch while submerged and larvae survive
immersion for more than six days.
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(3) Pupae of sewen 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. Culicoides overwinter in

the larval stage.
(5) Four of the eight species reared flourished on a
bovine manure/soil medium. 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
Auvgust due to low winter temperatures. As tem~
peratures rise sc the catch increases.

(%) PRach year in January or February there is a sudden
threefold to elevenfold increase in catch, these
numbers 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 oné peak of

abundance occurring between February and April,
(8) €. nivosus, C. pycnostictus, and €. distinctipennis

have an early peak in November or December and one
or more later peaks between February and April,
(9) €. pallidipennis may constitute up to 97.4 per cent

cf the Onderstepoort catch, Theories relating catch
to rainfall thus apply to C. pallidipennigs 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 pigmentation, and its distribution. Under
high power, characters such as number and size of teeth
on the dorsal comb of the epipharynx, shape and width of
comb, head measurements, ratio of setal lengths, and
gstructure of the hypopharynx can be used.

690/0..
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After suitable mounting on a slide, pupae can be
identified using characters of the prothoracic res-
piratory horns, opercula, 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. 1 - Suction-light trap.

Fig. 2 - Culicoides sorting chamber.
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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 "Onderstepoort" trap.

Broken line represents "Kaalplaas" trap.
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of fourth instar Culicoides

distinctipennis,

pycnostictus.

Fig. 5 - C.
Fig. 6 - C.
FPig. 7 - C.
Fig. 8 - C.

nivosus.
schultzei.

1, "lateral

body"; n, "neck",

Fig.
Fig.
Fig.
Fig.
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larvae.

C. milneij.

C. magnus.

C. bedfordi.

C. pallidipennis.
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Diagramatic views of heads of fourth instar Culicoides
larvae.

Fig. 13 - Dorsal view.

Fig. 14 - Tlateral view.

ant, antenna; ant. hypo, anterior hypopharynx;

epi, epipharynx; f.s, frontal suture; fr. clyp,
fronto-clypeus; l.a.epi, lateral arms of epipharynx;
l.a.hypo, lateral arms of hypopharynx; 1lb, labrum;
mnd, mandibles; p.o.r, post occipital ridge;

p.o.s, post ocecipital suture; sal.d, salivary duct;
sg.b, subgenal band; tr.hypo, trough of hypopharynx.
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Figs. 15 to 22 - Lateral view of mandibles of fourth

Fig.
Fig.
Fig.
Fig.

instar Culicoides larvae.

15 - C. pallidipennis. Fig. 19 - C. milnei.
16 - C. distinctipennis. Fig. 20 - C. magnus.
17 - C. pycnostictus. Fig. 21 - C. schultzei.
18 - C. nivosus. Fig. 22 - C. bedfordi.

Figs. 23 to 24 - Hypopharynges of fourth instar

Fig.

Fig.

Culicoides larvae.

23 -~ Hypopharynx representative of all species
except C. schultzei.

24 - Hypcpharynx of C. schultzei.
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25
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A

Culicoides larvae.

FPig. 25 -
Fig. 26 -
Fig. 27 -
Fig. 28 -

C. pallidipennis. Fig.
C. distinctipennis. Fig. 30
C. pycnostictus. Fig.
C. nivosus. Fig.
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29

31
32

instar

- C. schultzei.

- C. bedfordi.

- C, milnei.

- C. ma.enus .
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Dorsal view of heads of fourth instar Culicoides

larvae,
Pig. 33 - C. bedfordi. Fig. 34 - C. pallidipennis
Fig. 35 - Co magfﬂlso Fig. 36 - e <1lneie
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Dorsal view of heads of fourth instar Culicoides

larvae,
FPig. 38 - C. nivosus.
.pennig.

Fig. 37 - C. schultzei.
Fig. 39 - C. pvecnostictus. Fig. 40 - C. distinct

P.0.8, post occipital suture.

f.s, frontal suture;
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Ventral view of heads of fourth instar Culicoides
larvae.

Fig. 41 - C. bedfordi. FPig. 42 - C. pallidipennis.
FPig. 43 - C. magnus. Fig., 44 - C. milnei.

2.pP.0.T, anterior projection of post occipital ridge.
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Ventral view of heads of fourth instar CGulicoides

larvae.
gchultzei. Fig. 46 - C. nivosus.
Fig. 48 - C. distinctipennis.

Fig. 45 - C.
Fig. 47 - C. pycnostictus.

© University of Pretoria



.
&
T fyS=p YUNisESITHI Ya PRETORIA Tt ee

ant m.—.
0P

dom,
\ed b

“pescut.

Bt h.

e €Qudal segment |

Pig. 49 - Dorsal view of Culicoides pupa.

Fig. 50 - DLateral view of Culicoides pupa.

ant.d, antero-dorsal tubercle; ant.m, antero-marginal
tubercle; d.l, dorso-lateral tubercle; dors, dorsal

tubercles ("dorsals"); 4th abd. seg, fourth abdominal
segmnent; mtth, meta%horax; op, operculum;

p.r.h, prothoracic respiratory horn; scut, scutellum;
v.l, ventro-lateral tubercle; v.m, ventro-median

tubercle.
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Prothoracic respiratory horns of Culiccides pupae.

Fig. 51 - C. nivosus. Fig. 55 - C. schultzei.

Fig. 52 - C. distinctipennis. Fig. 56 - C. milnei.
Fig. 53
Fig. 54

C. pycnostictus. Fig. 57 - C. bedfordi.

C. pallidipennis.

d.l, dorsc-lateral tubercle; d.m, dorso-median tubercle;
l.s.p, lateral spiracular papillae; 1.t, lateral
tubercle; +t.s.p, terminal spiracular papillae.
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Dorsal view of opercula of Culicoides pupae.

Fig. 58 - C. nivosus. FPig. 62 - C. pallidipennis.
Pig. 59 - C. distinctipennis. Fig. 63 - C. schultzei.
Fig., 60 - C. pycnostictus. Fig. 64 - C. milnei,

Fig. 61 - C. bedfordi.

ant.m, antero-marginal tubercle.
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ant.m,
ant.d. v.l.

Head tubercles of Culicoides pupae.

Fig. 65 - C. pallidiypennis, 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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Thoracic dorsal tubercles of Culicoides pupae.

Fig.
Fig.
Fig.
Fig.

72
73
T4
75

C. pallidipennis, FPig, 76 - C. pycnostictus.
C. nivosus.,. Fig. 77 - C. bedfordi.

C. milnei, Fig. 78 - C. schultzei.

C. distinctipennis.,
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TLateral view of fourth abdominal segments of

Culicoides pupae.

Fig. 79 - C, milnei. Fig. 83 - C. bedfordi.
Fig. 80 - C. nivosus. Fig. 84 - C. schultzei.

Fig. 81 - C. distinctipennis, Fig. 85 - C. pallidipennis.

Fig. 82 - C. pycnostictus.

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, ©dhniyersily otRMeiacles.
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Dorsal view of caudal segments of Culicoides pupae.

e et . A e S

Fig. 86 - C. milnei 9. Fig. 90 - C. pycnostictus 9.
Fig. 87 - C. schultzei %. Fig. 91 - C. distinctipennis
Fig. 88 - C. nivosus ?. Fig. 92 - C. bedfordi &\
Fig. 89 - C. pallidipennis &.
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