FEVIEW CF TIE LITERATURD

General: Dove and Hall {1932) and Tolounaga
to be most useful for a general understarding of the biology and
importance of Culigoides. Dove and Hall (1932) deal wvith the history
of the name "sand fly", which Les generally, and mere correctly, been
applied to the biting flies of the genus Phletotomus (Family Psychodidae),
The name has also been applied to other Diptera, such as dippelates,
Stomoxys and Chrysops, although less frequently. Dove and Hall {1932)
also gave early records of Culicoides biting activity in the Southeastern
United States. Tokunaga {1937} also reviewed the use of the name
"sand fly" in the Japanese and Chinese literature, and restricted
the use ol the term to the biting midges of the family Ceratopogonidae
(genera Gulicoides, leptoconops and Lasioheles). According to Tokunaga
(1937) detailed systematic studies of Culicoides date fram 1905 when
Kleffer subdivided the Ceratopogonidae into nineteen genera. This
system served as a basis for the modern taxcnomic studies of Hallech
{1915}, Goetghetuer (1920) and Edwards (1926). alloch's observation
on the humeral pits of Qulicoides permitted reliable seperation of that
gerus from the closely related gemus Ceratongzon., The small size and
of many synonyms, s revealed by the synonemy listed in Mirth and Hubert
{1961}, and by others.

Taxonomy. of Asian Culicoideg: DMost of the references to Asiatic

Gulicoides are taxonomic in nature, and relatively little has been
publisted on the biology control or disease importance of the Asiatic

species. Edwards (1922) reported on some Malayan Culicoides, including



a specics {E. anophelis} which sucked blood from the abdomen of eungorged
Anopheles mosquitecs. During work on Kala-azar in Bengal Smith (1929)
¢ollected a number of Culicoides syuecies, ond described two of them

as new, Also in India, Mukerji {(1931) gove a key for some of the
Culicoides svecies, and described an additional snpecies, based on
collections in the Calcutta arec, Smith and Swoaminoth (1932) reworted
on Lulicoides from Assam, 2nd noted a dicinutiscn in numbers during

the het months of April and May.

Hacfic (1934, 1937) rerorted on 4 number of Culicoides species
and #pecies of related genera cellected by workers in Malaya, Java,
Borneo and Thailand., One of the most comprehensive early publications
or dsian Culicoides was that of Tokupaga (1937} on the sand flies of
Japan. The earliest work which dealt extensively with the Culigoides
of Thailand was published by Causey (1938} who described nineteen
species collected by him in the country from August 1921 to July 1935,
Sen and Das Qupta (1958) nubiished 2 chort note on the male of
C. anophzlis and outiined its distribution, An imnoriant contribution
on the Asian Culicoides was published b Wirth and Hubert (1959} who

erected the subgenus Trithecoidcs for Culicpides in which the females

nad three well develeored spermathecae and o long second radial czll.
The authors included extensive notes on the distribution of the various
species in the subgenus. In 1961 TWirth and Hubert 2lso published on
the Culicoides of Taiwan, including 2z review of previous cellections

on the island made by Sauter, Shiraki, Tokunaga and others. Eighteen
species were recorded from Taiwan in this paper. Hubert and ¥irth

(1961) alse published = key to the Cuylicoides of Okinowa, with



deseriptions of two new species, bosod chiefly on light traw eolloctions
nade on Ckinawz by Coptain C. Hibley.
Morphelogy : There arc four slagss in the 1ife history of Culicoides-

£
egp, larva® nunct adult. The erge arc clongated and slightly
curved, and deposited in masses. The larvie are nguailc’ free-swinning

E

and cel-like forms without vrolegs. The body segments are shert thick
¢ylinders, each segment carrying a2 poir of lateral setzc. The los
segmént tears three pairs of anal setae, short and 1light in color.

I/
The larval head is well sclerotized, simple and nearly as wide =as

the body. The head'is provided with anterior yrotruding mouthparts.*
The mandibles'are slightly curved, and thers is pharyngeal skelcton
equipped with combs., The mﬂrphclngy! af the larval stape is discussod
in Tokunzga (19377, Thompson (1937) sud Foote arnd Pratt (1954},

The pupnl stage was described by Luwson {1951), Tokunags (1%37)
and Foote and Pratt (19%4). The vume is frec from the larvel sxuvium,
and the integumeni is dark brown and well sclerstized.  The ceohalcthcr:x
is usually equal in length to the abdomen: whick is motile and supplied
with a variable number of npicalh and laterzl svirzeles. The soerculum®
is cither with or without spines. The anal gegnent has onc pair of
apicolaterel =zpines which are sometipes darkencd nt their Lips,.

The adults have been characterized by Toots and Pratt (1954).

The znterior radial cells‘ xre¢ very characterized, and are usuzlly
approxirately equal, though ene or hoth may bhe considerably narrosed
in some species.  The casta* from one -sixteenth Lo two thirds the
wing length. The wing* vestbrane arovided witkh microtrickia, At lezst

]
a few, and sometimes rany, macrotrichino rresent, ‘ing coloration

¥ discuszed in Torre-Zueno (1237),



various, from almost uniceloerous to heavily pigmented. Generally with
a pattern of discrete white spots and darkened areas, Hesonotun
unicororous, or more usually with a pettern of dark lines or spots on
a grey or brown background, HMesonotum with a pair of sensery pite
located posterio-laterclly from theé humer:,

The female® with spermathecae® of werying size anrd shepe. From
ene to three functional spermathecze. Antenna of femzle with first
segment obseured. The second unit, torus?, larger than the succeeding
segments., First eight flapgellar units round or oval, semments 11 to
15 elongated,

Male® with terminzl flagellar units of antennae® longer, with
more plumese® setae, Terminalia with ninth tergite rounded or trineate,
gererally with apicolateral processes of varying development. Hinth
sternite emnrginnte, parameres® tuisted. Selerctized asdengus* present.
Anal gegment membranous, with seta beiring peired cerci.

First tarsel* segment at least twice as long as the second.
Both sexes with simple claws., Impodium very smell., The nouthpzrts
of the female have been deseribed in detail by Tokunaga (1937). They
consist of o labium®, labrum®, palred mandibles snd paired maxillaoed
and moxillary palps. The pelps are five-segmented and the third
segment may have scattered sensillae® or sensory pita,

Biology: The binlagy of Culiceides was reviewed in dekfuil oy Rettle
(1962). The following is an outline of the biologies of the various
stages.

Ege: Eggs are deposited in moist situations in groups usually

* discussed in Torre - Buenc, {1937)



sﬁaller than one hundred, The eggs usually hateh in a few déys,
2lthough some may be delayed for up to several months.,

Lar?ae - Larvae may be found in a wide variety of moist epvironments,
such as ponds, creeks, lakes, trec-holes, slime;cuvered bark, rotting
forest litter, rotting banans ztalks, Larvae are generally found in
the mud or other organic material. They may swin from time to time.
but more generally will be found burrowing, or partially extending
from the mud, The larvae fecd on organic and inorganic materizl in

an apparﬁnt randon manner on the mud surface. Various micreorganisas
such as tcigae, fungi, bacteria, sporangia, cilliates and flagzll-tes
are ingested, Larvae may be rearcd in the laboratory on culture medicz
rich ir corganic matter, such as cow or horse dung, rixed with mud

and water. {Megshead 1955} Sone larvae are predatory or cannibalistic
{Thompson, 1937}, The larval stage is the loncost part of the 1ife
eycle, and may persist for several months if the larvae enter diapause.
Pupae- Pupac are found a2% the edge of the pond or other habitat,tun
the surface of the substrate, above the waterline. The larvae will
not pupate if they are kept covered with water (Kettle, 1962). The
Pupae are generally quiet, but they are capable of violent movezcent

if disturbed, The pupal stage may last from % to 7 days,

idults-The adults are generzlly most active =t dawn and dusk (FKettle,
1962), Their flight and other activities are strongly influenced by
temperatu;e and wind and cther metcorological conditions, They may
appear in large numbers in randea flights in sesreh of food, but the
presence of a hogt nmay stimulate active seeking of the host., The

femeles require a blood meal, although the males feod uﬂly on nectar



or plant juices. Each speczies h2s a range of wertebrzte hosts on which
it will feed, but gernerally one or more of these are fed upon in larger
numbers, Feeding may cceur at varicus times of the rnieght or day, but
nost species are crepuscular, Very few Julicoldes rest in houses, The
resting places are usually in damp cool sitwations, suech as algae, the
baze of treeﬁ, mOSS, grass or dead leaves (Kettle, 12627,

Sone specles are reported to e parthencgenetic, but pating
is required for fertile egg production in most species. Most mating
occurg by the flying feumle estering male swarms, bub in some species
mating may take place on the host while the female is feeding.
(Megahead, 1955) Egg development is ripid, and eggs are depcsited a
few days after feeding. The adult longevity had been studied in only
a few speeies, It is influenced by meteorclogical conditions, and
miy be ten days or less in the laborgtorr. The entire life cycle in

Culicoides nubeculosus may be completed in as little as three weelks,

although four to eight weeks is more usual (Megahead, 1955}, Ir ecolder
regions the life eyele may occupy several years, while in temperate
regions there may be one or two generations a year, and in troplecal
regions there may be several a year (Kettls, 1962).

Disease Importangs: Culieoides ars knowan or susoected vectors of a

nerber of human and animal disease organisms. These include- filariae,
viruses, protozoa. Lavoipjerrs {1958], published a lengthy review of

the filariae, including 2 munmber transmitted by Julicoides. These

inelude: Mansonella oggardi (Manson), Acanthocheilonema perstans Manson and

Dipetalonema streptocerca {Macfie and Corson) of man;




Onchogorea reticulats (Deising} and Q. gibsoni Cleland and Johnson
of lérge domestic anim&ls; The micrefilariae are ingested by the
Gulicoides while feeding on irfected anirals, zad penetrate through
the aiimentary tract of the midges, They develop to the infecfivé
form in the Gulicoides tissues f{generally the flieht rmscles) and
enter a new host vhen the Culicoides [feads, Tho adult works are

found in the tiszues of the vertebrate host. Causey (1938) found

unidentified microfilarise in Culicoides perecrinus at dskornsrithamarat

in Thailand, but the cbservation haz not been repeated, and its
importance is unkhcwn,

severel important virus diseases are believed to be transmitted
by Culicoides, These inelude Bluetongwe discasce of sheep in Africa
and the United States (Price and Hardy, 1954), and South ifrican
Horse Sickness vhich is known from several loecalities in Africa and
hzia {Du Toit, 3944). This disease iz characterisitic of dry climates,
tut there iz at least a possibility that it could e *ntrodussd inte
Thailand.

Protozea of the genwus Huemoproteus heve been shown to te

transmitted by Guliceoides in fanada {Fallis and Wood, 1357), and it
is preobable that 2 number of spegies of this avian parasite genus

are transmitied by Qulicgides {Bennett and Fallis, 1960),



10
Lontrol-
in the past, due largely to the inxccessibility of tke immature stages,
Some succoss wos hod with larval control with irsecticides in Tlerida
and Panoms, but larvae developed rosistance so rapidly that thiz is
ne lenger recommended (Anonywe-s, 1962)., The nature of some larvel
breeding sites is such that the contrsl of wator level, such as
alternate flooding and drying, might offer somz hele in epntrol, where
the'biulngy of the snecies involved is :ell understood, At prosent,
however, larval ¢ontrol seems to be out of tha guesticn cxcopt in
speciul circumstoncea.

Toe use of inszecticidul fozs may reduce iocal populations of
Culicoides and offer temporary protcction for larrs outdosr zathorings
{Kettle, 1962}, Tow.ver, the midges tend ot infiltroic the aren
rapidly z2s soon 3 the forr ar rist of D00 cr other inszctieids has
dispersed.

Protoction of irdividuals {reom bites vay be the best ccurs. of
Action in oreventiorn of huvuan 4ic-.cse.  This =ay be ty usc of clathing.
or head nets, or by the use of irsect repeil-nts, such as Jiethvltoluamiss
(Anonymous, 1963}, Wirdow sereses - be wrinted with 5% DT or 23

malathion to keen these asnpll ilize frew entering through the mesh

{inonymous, 1963).
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