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ABSTRACT

Studies on the anthropophilic Simulium specles of the Ghibe

River Valley were carried out from December, 1981 to Hovember, 1982,

Monthly pupal surveys revealed the presence of nine simulium
species, of which S, dammosum and S, gibense were dominanty These
two speecles were found to be man-biting, the former bheing strongly
anthropophilic, while the latter was highly zoophilic' _§2 gibense
was encountered only in the wet secason (JunenOctober), vhereas 3.

at the end of the wet season,

The diurnal biting activity of 5, damnosum had a bipeaked fluctua~
tiony one in the morming from 0800-1200 and the other in the afternoon

{rom 1700-~1900 hwrsh

Dl%Sect1on of 3416 female Se damnosum revealed an annual parous
rate of 64,2% (2193); 107 (4, 9%) of the se carried developing filarial
infections while 69 (3?1%) and 37 (1;7%) harboured infective larvae

of Onchpcercea volvulu and other filsriae, respectively, Dissection

rmrm e e W R i M T 4 it

of 95 female g; ﬁ}bense collected on human hait ShOWEd an annual parous
rate of 9457% (90), Hone of ¥hese were infected, OF the 1492
§§ g}pengg collected on human bait among grazing cattle, 13(0287%)

and 4(0,27%) carried developing and infective laxrvae; respeclively.

Transmission of 0, volvulus scems to be mainly due to $. damnosum

with a peak in Octobery About 3567 0y volvulus 1arvae were eptimated

I = S e

to be transmitted per man per year by ﬁj damosum,




Filariel larvae resembling those of g? volvulus have been
isolated From 3, gibense biting man among caitle, The exact origin

and identity of these psrasites require further gtudy,




1. INTRODUCTION

Flood sucking blackflies (Diptera: Simuliidae) are known to
affect the health of man and animals in several ways. 'They exert
their importance by acting as vectors of disease, as a Dbiting

nuisance, and as annoying pests (Jamnback, 1976)T

One of the most ilmportant human diseases tﬁat ig transmitted
by blackflies is enchocerciasis, It is caused by the filarial worm,
Onchogerca volvulus (Leuckart) (Nelson, 1970). Onchocerciasis is a
serious disease throughout the greater part of tropical Africa, parts
of central and sauth America, Yemen and Saudi Arabia (WHO, 1966,
19763 Chumbley, 1980), The seriousness of the disease can simply

be realized from its other name, "River blindness"y

In Africa, the disease is widespread and some 90% of +the
onchocerciasis cases in the world are reétrioted to tropical Africa
alone (WHO/AFR, 1278), The largest and the worst endemic areas of
onchocerciagis occcur in west Africa, particularly in the savanna
belt, Here, ocular complications including bhlindness due tn the
disease, are s« high that the sncio-economic repercussions aré mogt
common and serious, The fear of blindness and also the bite of
Simuliuwm have contributed to the depopulation of many fertile-river
valleys (WHO, 1966). TFor exanmple, 10% of the territory of the upper
Volta Hepublic, apmprising the most fertile and best irrigated soils,

’

arc sctually devoid of humans (Le Berre et aly, 1978)%

Over most of Africa, the vector is the man-biting §, damnosum
g, 1, which breeds in turbulent waters of small to large rivers,

In some central and east African regions 5. neaveil is also man-biting
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and an important vector: locally other species may also be involved

. . T b
in transnission of onchocerciasis (Orosskey, 1973)-

Tn Fthiopia, onchocerciasis is widespread and endemic in south-
western, western, and north-western parts of the country% Its
digtribution extends from the Omo wvalley in the mouth to the Athara
river system in the north and stretching westwards to the Sudan
border (Torrey, 1966; Oomen, 1969a,b; Iwamoto et ali, 1973; TenByck,
197%; Lester and Tsega, 1974; Mengesha and Jembere, 1975; DeSole
and Walton, 1976; DeSole and Kloos, 1976; Mengesha and Tiruneh,
1977; Woodxuflf gj_gl;, 1977). In the south~west, the discase is

highly endemlc in the coffee growing areas (Oomen, 1969a,b; DeSole

and Tloos, 1976)%

various parts of Ethlopia (Grenier and Ovazze, 1956; Oomen 1969a,b;
Ogata et aly,,; 1970a; Kaneko et al., 197%; Tanaka Eﬁ.ﬁlfi 197%;
Uemoto et al., 1977; White, 1977) only $, damnosum s, 1 and

£, ethiopiense (a neavei group member) sre regarded as the most
important vectors of onchocerciasis (Raybould and White, 1979). 1In
addition, 8, gibense has recently been documented as the third man-
biting species in Ethiopia (Uemoto et al., 1977). Other species
with some anthropophilic tendencies are slso known to cccur (Van

’

Someren, 1944; Ogate ¢t al,, 1970a; White, 1977)%

On epldemiological grounds, Grenier and Ovazza (1956) arid Oomen
(1969a,b) vostulated S, domnosum s, 1, as the most important veaor

of onchocerciasis in ILthlopia, Their conclusion was presumably




based on the high biting density of this specics as well as on ito

occurrence in large parts of %the endemic areas|

o s ke

The first strong evidence for 3. damnosum s, 1. to be a vector
in Ethiopia ceme from the work of Tanaka et al, (1973) who isolated
infective 0. volvulus larvee from natural populations, This was
later confirmed by White (1977). Other than these, data on

04 volvulus infection in 8, damnosum s, 1V is lacking

On epidemiological grounds again, S, ethiopiense is also
believed to play a secondary role in the trensmission of 0. volvulus,
parcticularly at high altitudes in south~west Ethiopia (Oomen, 1969a,
bs; Raybould and Vhite, 1979}, Wo 9; XB&EH&H& larvae have yet been
isolated from natural populations of this species’s However, its
vector potentinlity for onchocerciasis has beén proven experimentally

(Schmidt, 15Ty, pers. comm, to White, G.By, 1977)%

With regards to S, gibense,; no further study has been done
since it was first reported by Uemoto et alyy (1977)5 Because of iis
occurrence in endemic areas, Uemoto et als (1977) and Raybould and
White (1979) have emphasized the need for future work towards

elucidating the vector status of this speciest

Before consldering any control programme, it would be necessary
to establish the vector status of all the anthropophilio Simulium
spps that are found in a given area, In addition, knowledge of
the identity, biology and seasonality of both the immature and adult

stages will be required,. Such information will bve c¢rucial to
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determine where and when te apply insecticides =s well as to estimate

costs that will ke reguired for the operation,

Ag Tar as I know, systematic studies on seasonal variations of

now, Keneko et al, (197%) and White (1977) have made gsome observa-
tions on the biting cycles andldensity of 5. damnosum s,l; and

Se ethiopiense during some selected seasons of the year; Although
these observations are useful, they are not gquite sufficient to give

a clear pictlture of %he seasonal variations in the hiting behaviour

and density throughout the year,

Obgervations on 0. volvulus infection rate in the fly popula-
tions as well as jits seasonal course are essential to understand the
importance of the biting Simulium and the eplidemiology the disease
in an area (WHO, 1976). Such data on the man-biting species oi
Simulium in Bthiopia are lacking, and thatis one of the reasons vhy
the role of some of the potential vectors (e.g. S, ethiopiense) in
nature remain unclear, The only available data in this respect are

those of Tanaka et al, (1973) and White (1977) both of which are

results of briel observations.

The Ghibe river vailey (Addis Abeba - Jimma main Toad) and the
sreas around lie in the endemic ares of onchocerciasis in Ethiopla
(¢renier and Ovazza, 1956; Comen, 1969a,bs WHO, 19763 Rayhould and
Yhite, 1979). During a reconnaissance survey in October, 1981, T
personally observed a few cases (4) from labourers in this area,

although the cases may well have acguired infectlon elsewhere, 1n




this rmiver valley, the presence of man-biting §; dammosum s, 1,

has becen previously reported by various wavkers (Grenier and Ovazza,
19565 Ogata et al., 1970b; Keneko et al., 1973; Mebrahtu et al.,
198G), Furthermore, s new man-biting species, S+ gibenge has been

also reported from this river valley (Uemoto Ej.gi;, 1977):,

The present investigatien was carried out in the Ghibe river
valley with the aim of determining the anthropophilie Simulium spp.
of the area; thelr seasonal wvariation, biting cycles, infection
rates with Onchocerca or any other filariae, and their role in the

= g

transmission of onchocerciasis,




2.l

2, LITERATURE REVIEW

Simuliids-Recognition, Biology and Weology

Simwldids, also known as "blackflies" are swall and stout
Tlies measuring between 1 and 5 mm in length., They may be
recognized by the strongly humped thorax, broad and transparent
wings and short horn-like antennse, They are usually black,
‘although some gpecies in centrel and south America are conspi-
cously pale yellow or orange (Dalmat, 1955, }ordoh and Lavoipierre,

19623 Crosskey, 1973),

Simuliids have a world wide distribution and are usually
found where there are rapid streams and rivers for the immature
forms. NMost members need a slow or fast flowing water, but =
few African species area capable of development in stagnant
waters (Crosskey, 1973). The type of river or stream inhabited

by Bimuliwn differs markedly from one species to another

(Laurence, 1976).

150 ‘o 600 on psrtially submerged substrotes (eg, vegetation

or stones) in running water (Crosskey, 1973), The larvae are
found attached to the substrates by elirclets of hooks on the
posierior ends of their abdomens, They hang dovmstream, trapping
food by means of a pair of brush-like structures (cephalic fans)
on the head (Laurence, 1976); Pupation takes place in a cocoon,
constructed from silk by the salivary glands of the.mature larva
(Crosalkey, 1973). On the gsubstrates, the pupac orient themselves

in such a way that the respiratory filaments and the open end of




the cocoon wvoint downetream, This is helicved to be an
adaptation to their way of life (Laurence, 1976), Some members
have their larvae and pupae always attached to other creatures
such as crabs and prawns (Raybould, 1.969; Lewis et al,, 1969;
Disney, 1969), This association is believed to be an adapta-
tion for transportingz the fixed larvae and pupae (McCrae, 1969)5%
fidults emerge from pupae, usually with males first (Jamnback,
1976)? The 1life ¢yele <from oviposition to adult emergence in
tropical eonditions is about 2 weelts, In temperate regions
this will take sbout 4 to 8 weeks, although in pevere winters
there may be only one generation (Gordon and Lavoipierre, 1962;
Grosskey, 197%). The maximum longevity of adult simuliids is
believed to be about 1 month, although sone species (eg 8o

metollicun) can live much longer (Crosskey, 1973)%

The male gimuliids do not feed on blood as they cannot
bite,; tLut the great majority of females are blood-suckers from
a number of animal. hosts, and herein lies the importance of

these insects (Crosskey, 1973),

Simuliids as Biting Pests

A1l simuliids that -tako blood-mealp may bhe obnsidered as

pests (Fallis, 1964),

In North America, the bites of Simulium venustum is

knovm to cause lowered milk production and loss of welght




203%

(¥allis, 1964)% Attack by S, cenonicolum is also agsocinted
with dccreased egg production in poultry in Californis
(Anderson and Voskuil, 196%). In Furope, Eichler'(l971) noted
cattle licking their umbilici during periods of heavy atback
by §2.prnatum? In certain animals the bites of Simuliuwm may

v

result in illness or death (Fallis, 1964)%

¥en ds also considerably affected by the bhite of +these
inseotS'throughout the world, The mass~biting of Simulium spp,
at certain times affect the daily asctivities of the loeal
peoplely 1In ¥Nigeria, for exemple, the flies are locally named
“"ankura", referring to the irritation of the bite (Laurence,
1976), Severe skin reactions including dermatitis may also
result from the bites of some gpecies (Unoaskey, 1973}y 1In
Africa, the depopulation of many fertile river valleys have
been attributed partly to the bites of +these insects alone

(WHO, 1966)%

Simuliids as Vectors of Disease

Simuliids are more important as vectors of disease than
they are biting pests, They are responsible for a number of

diseages 1in man and cther animals)

The role of simulliids as vectors of avian trypancosomes
and Leucocytozoon speciles have been documented in several
parts of the world (Pallis et al,, 1951; Dennet and Fallis,

19603 Reybould ¢t al., 1974)i Infections with these protozoan




parasites are knowm to cause severe disceases and mortalities

in wany bdirds (Fallis, 1964; Baker, 1969)%

Apart from thelr role as transmltters of protozoan parasites
to birds, simuliids are also very well knovm to transmlt various
filarial nematodes to birds and nammals They have been shovm to

be vectors of Ornithofilaria fallisensis Anderson,; a common

parasite of both wild and domestic ducks in Canade (Anderson,

1956), Among hovine filarise, Onchocerca gutturosa, which is a

common parasite of cattle in many temperate and tropical reglons,
19 Yronsmitted hy several species of Simulium (Steward, 19%7;
Eichler, 1971; Poinary 1977)s In Africa also, mlthough evidence
is lacking, this parasite is suspected to be transmitted by
simuliids (Raybould et al., 1974)% HMore recently S4 dammosum
has been shovm to be a potential vector of O, ochengi, an
intradermal parasite of cattle in Africa (Omar et all, 1979)%

It is now knovn that some 9 animal Onchocexrca are knovm to be

transmitted by simuliide (Muller, 1979)%

Simuliids are not known to transmit any protozosn parasite
or viral inTections to man (Crosskey, 19?3), but their medical
importance lies in their abllity to transmit two human filariee,

One of these, Mansonella ozzardi which is restricted to tropical

America has recently bheen showm to be transmitted by Simulium -
amszonicwn in Brazil (Shelley and Shelley, 1976; Shelley et all,

1980)% This non-pathogenic Tilaria 18 ¥nown to be transmitted

by Culicoides ©pps eleswhere in that region (Kettle, 1965)%
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However, the greatest importance of simuliids lies in their

role ag vecltors of Onchocerca volvulus, the cause of human

onchocerciasis in the tropical regions of the worldl

Human Onchocerciasis -~ its Distribution and the Magnitude of

the Problem,

Human onchocerclasis is a serious tropical disease that
is recognized as one of ‘the mosat important public health
problems (WHO, 1966, 1976)s It is characterized by severe
itching, various kinds of skin changes, the occurrence of sub-
cutaneous nodules, and worst of all, a severe and irreversible

blindness (WHO, 1976).
~.

Transmission of onchocerciasis occurs locally and foci of
the disease are found in the neighbourhood of water courses
where blackilies breed, The disease 1s endemic in Afriea,
tropical America, Yemen and Saudi Arabia (WHO, 1976s Chumbley,

1980)5

In the troplcal Americas, foci of the disease are scattered
and are small, It occurs in lMexlco, Guatemalsa, Venezuela,
(olombia and Brazil (WHO, 1976)y Approximately 50,000 peoyple
are thought to be infected in Guatemala and Mexico (Cwosskey,

r

1973 ) where blindness is also common (Duke, 1968a )%

In Africa, onchocerclasis has a wide distribution, covering

the entire Tegion between 15°N and 15°8 (Le Berre et all, 1978)%
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Of the estimated 20 million people infected with this disease

in the world, more than 90% live in tropical Africa alone
(WHO/APR, 1978). The worst endemic arcas of onchocerciasis
oceur in west Africa being more gerious in the pavanna than in
the forest areas, Savanna focl sre charactcrized by high
blindness rates and may reach alarming levels of 10-15% of the
population {Duke and Anderson, 1972a)7 In the forest, blind-
ness is seldom over 1 percent’(Iuke and Anderson, 1972a), This
has been shown to be due to the existence In west Africa of
forest and savanna strains of Qﬁ volvulus adapted to forest and
savanna zone strains of §. damnosum (Duke et all, 1966), whewe
the savanna strein of 0. volvulus is found to he more pathogenie
and invasive (Duke and Anderson, 1972b)y It is estimated that
gome 70,000 people are blind in the savanns areas in west Africa
(Davies et alls, 1978), Because of the soverity of the dipease
in the savanna areas, many fertile river wvalleys have been

abandonsed’,

275% The Vegtors of Human Onchocerciasis

Different species of Simulium are knovm to transwit the
disease in different geographical reglons’ They will he discussed

only bricfly herey

In Guatemala sand lexico, three speecies, 8, ochraceum,

v

8¢ metallicum and $. callidum were incriminated as vectors

(Dalmat, 1955), but recent studies (Garms, 197%; Garms and
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Ochosh, 1979) have firmly established S, ochraceum %o be
the most importent veotor, Si metallicum and S7 cellidum are

more zoophilie and are considered Lo be of minor importance,

In Venezuela, however, 5% metallicum is surprisingly
highly anthropophilic and is the maln veector of onchooepciasis
(Crosskey, 1973; WHO, 1976). S, exigvoum is belicved to be
the veotor in Golombia (WHO, 1976)s Recent work in Brazil
Buggeét S sanguineum as the prinedpal vector (Shelley et al.,

1979)%

In Africa, onchocerciasis is transmitted by species belong-

ing to the Simulium (Edwardsclluml damnosum Theobald complex

ond the 85 (Lewiscllum) neavei Roubauvd group (WHO, 1976)%

§f daymesvn s, 1, 18 the most widely distributed and hence the
most important vector in the whole continenty The S| neavei
group are limited in their distributiop %0 easlern Africa and
are only important in this region (WHO, 19763 Raybould and

White, 1979)%

However, the presence of anthropophilic and non~anthro-
pophilic members in S, demnosum, and also of epidemiological
differonces between savanna and forest forms of the disease,
led Yo eytotaxonomic work (Dunbar, 1966, 1969; Vajime and
Dunbar, 197%, 1977), by which to date at least 26 cytological
forms are rocognized (Tovmson and NMeredith, 1979)? Some members
from west Africa have been gilven specific names, and of these

5% damnosum s.8%,; S. gsirbanum, 8, soubrense, S% squamogwn and




ﬁ? zépgggg are the most dmportant vectors (Tovmson and Heredith,
1979)¢ Mwo of these, 5, damnosum s,y end 5% sirbanum occur

and are also vectors in east Africa, MNost members, particular-

1y these Tound in eastern Africa, are not yet given specific

namers end are referred to by locality of collection, Thus in
Bthiopla, two forms, “Jimma"and "Kulfo' are known; wheve the "Jimma"

form is considered the vector (Raybould and White, 1979; Townson

and leredith, 1979)%

The distribution of 8, damnosum 871, is far more extensive
than that of the disease (McCrae, 1969; Crosskey,197%; WHO,
1976)% This is due to the presence of non-anthropophilic
- members, which are most common in east. and southern Africa

(lleCrae, 1969),

-

African vectors of onchocerciasis, includes all those blackflies
whose larvae and pupae attach themselves to freshwater river
erabs (Potamidae) and prawvns (Atyidae) (Raybould and White,
1979). The group is limited in distribution and is largely
found in eastern Africa., Some 10 members are known, of which
three are regarded as vectors of the diseasel, One of these,

§T neavei ghys, is an important vector of onchocewciasig in
Uganda and was formerly so in Kenya (Urosskey,1973)% Sv woodi
is responsible Tor transmission in the Amani area of Tanzania

(Raybould, 1967). 5. ethiopiense is reported to be strongly

anthropophilic and is thought to be involved 1n transmission
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in the southern highlands of BEthiopin (WVhite, 1977; Raybould

and White, 1979)%

Other possible African vectors of onchocerciasis include

[

8% bovis which has been found to harbour infective larvae

.

resembling 0% volvulus in Nigeria (Crosskey, 1957)% $7 vorax,

§% adersi and S, nyasalandicum developed infective larvae of

—

0% volvulus after feeding on an infeoted carcicr (Wegesa, 1967,

1970)% 8% dukei (Lewis, Disney and Crosskey, 1969) was also

implicated by Duke (1962) (as S, aurecsimile)’

Ooutside Africa, Garms and Kerner (1982j‘hav0 demonstrated
for the first time S, damncsum s, 17 to be anthrophophilic and
also to be a vector in Yemen, They have been able to isolate
infective larvae of 0, volvulus from wild-oaught flies, Regard-
ing the vector in Saudi Arabiae, no information is yet avallable,

although it is most likely to be an anthropophilic member of

the 8, damnoswa complex.

2764 Pactors fffecting Transmission of Onchocerciasis,

The transwmission of onchocerclasis is determined by varilous
envirvomiental and biological Tactors which in many cases exert
their influence on the behaviour and vector status of the

diting Simulium, Only the major ones will be considered hereln,

Vike most vector populations, the density of the man-biting

Simulium in an area is an essential factor in determining the
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intenslty of transmission of onchocerciasis), Dalmat (1955)

was able to inoriminate i, ochracewmn as the major vector of
onchocerciasis in Guatemala partly from its biting densitys
unimportant because of their low biting densiiy, In Brazil,
.§E_E§nguineum was aleo regarded as important in the tranemission
of onchocerciasls mainly for its higher biting density than

Sy guianense (Shelley et als, 1979)% In Ethiopia, S} damnosum

——

ig also considered as the main vector because of its higher

hiting doneity thaﬂ_§. ethiopiense, although thoxne ig very

1ittle datae on filarial infection (White, 1977)?

The density of biting simuliids may be determined by its

degree of anthropophily. Some species (egi 87 vorax, 5. sdersi)

are weakly anthropophilic and have low biting densities and are

thus relatively unimportant in transmission'y

Biting densities may also be influenced by seasonal changes
of the climate, During the dry months, temperatures are very
hot, rivers may dry up and breeding areas may be restricted.

As a resuliy adull populations of Simulium may be scarce so
that transmission during that period is minimel, In the rainy

season the converse ig true,

Another factor related to the biting of Simulium, and
important in transmission, is the time of biting, Although

the great majority of blackflies are diurnal, biting from davm
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to dusk (Crosskey, 1973), different species exhibi®t diurnal
fluctuations in host-sccking activities, The African vectors,
53 dammasum s 1y and 3. neavel group usually show two peaks

of blting activity, one in the morning and another in the
afternocon, particularly during the dry season when temperatures
are hot (Mellahon et al., 1958; Le Berre et all, 1964; Ie Berre,
1966; Hauserman, 1969), These two peaks of biting activity

may be modified into one peék in the afternoon durling the

rainy season (Hocking and Hocking, 1962; Hauserman, 1969; WHO,
1976)% In the Tatin Americen vectors, no merked biting peaks
are observed, although §ﬁ gchraceum exhibits a single peal
between 0800 ~ 1000 hrs (Dalmat, 1955; Collins et all, 1981)%
It has now been shovwn that these peak peviods of biting activity
are assoclated with periods of highest density of Qﬁ vyolvulus
microfilariae in an infected individuel (Duke et all, 1967T;
Anderson et ﬂi', 1975), 'This periodicity appears %o be an
adaptation to the biting cycle of the local vectors, thus

enhancing effective transmission of the disease,

TLongevity of female Simulium is essential for effective
transmission of the disease, In general, the older the fly,
the higher the chance of its being a carrier of an infective
pathogen: Therefore, parous flies (ise, females that have
previously fed and laid eggs) are older than nulliparous fliles

(1vey females that have not taken their f£irst blood meal or

laid eggs) and are the only possible carriers of infective
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ptagesy In west Africa, DLe Berre (1966) and Duke (1975) have
phown that in the savanna parous Tflies concenlrate more along

the banks of the rivers than nulliparous flies, which disperse.
further away, In the forest however, no obvious differential
digpersal. is observed, It follows from this that people living
close to the river banks in the savanna are exposed to more
intense tranomiseion of onchocerciasis than those living in +the
forest's This feature may partly explain the great epidemiological
differences in the savanna and forest forms of the disease in

west Africa (Duke, 1975 Taurence, 1976)?

Furthermore, for effective transmission of the disease,
the intalke of the microfilarise by the simuliid must be
successful,y This depends on the fly biting on the appropriate
aree of the skin where microfilarime are abundantly found, The
predominantly low biters (Crosskey, 1973) and are well adapted
for pilcking up the microfilariase which are mainly found helow
the trunk (¥elson, 1970)5 Iikewise, the Central Ameriosn vector,
§f ochraceum, bites on the upper part of the body where the
microfilariae are found (Nelson, 1970)¢ In addition, even if the
varagite is taken in 1t may not develop to the infeoctive stage
unless 1t 18 in the appropriate local vector (Duke §i~§lf, 1966;
Deleon and Duke, 1966), Purthermore, temperature will aleo

affect the development of the parasite even if it 18 token in

by the appropriate voctor, Nelson and Pester (1962) ohserved
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that in 8% nosvei, the larvae of Q4 volvulus reached the
infective stage in 6-~7 days at a temperature of about 21°¢%

Tn Tanzania, Wegesa (1966 - cited in Raybould and White, 1979)
hed weported that in 5. woodl the optimum temperature range for
Qf volvulus development was 25-25°¢ and that no development
ccourred at temperatures below 18%5 1In §j demnosun the

optimum temperature 18 reported to be about 25°¢ (WHO, 1976)%

Problems in the Identificatien of Q,volvulus

S et

RS, e e e

The correct identification of the filarial larvae found
in Simulium vectors is one of the main problems in the study
of the epidemiology of human onchocerciasis, This is because
not all filariac found in the anthropophilic Simulium spp.
are of human origin (Felson and Pester, 1962; Duke, 1967;
Voelker and Garms, 1977). Nelson and Pester (1962) reported
for the first time unknown filarial larvae p?ovisionally
designated as Types A and ¢ in addition +to éf volvulus (= Type
B} from S+ neavei in Kenya; Later, Duke (1967) deseribed three
more wnknovn Tilariae from §5 daimogum in Cameroon and designated
theﬁ as Types D, B, and F, continuing the sequence of Nelson and
Pester (1962), %This was followed by the discovery of five more
unknovm filariae Ifrom 5. damnosum in Liberia by Garms and

Voolker (1969) who later (Voelker and Garms, 1977) named them

as fgamofilaria Type III, A. Type IV, gﬁ Type V, ﬁ; Type VI

and ﬁ} type VIIT 'The term Agamofilariae 1s a collective group
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to mean all the immature Toxrms of Filariocidea in tha final

and intermediate host which do not permit identification !
(Voelker and Garms, 1977). These various records of Tilariae
indicate that simuliid vectors can feed on other animals also,
although the vertebrate hosts of these unknovm filariae stlll
remain unknown (Voelker and Garne, 1977)? However, the occurrence
of these filaviae in man-~hiting species may complicate inter—
pretation of infection rates and transmission rates unless

.

correctly distinguished from 0i volvulugy

In most epidemiological studies of onchocerciasis, filarial
infection rate in men-biting specien i baped on isolation and
identification of the infective forms, The developing larvae

(iTe? lst and 2nd

stages) cannot be identified for certain
(Omar ond Xuhlov, 1978) because the life cycle of the unknown
filariae and other Onchocerca spp. are not yet worked outy
However, the infective larvae of 0, volvulus are rclatlvely

easy to distinguish from those of the unknown filariae because

of their distinct size differences (Voelker and Garms, 1977)%

Currently, the commonest method of distingulishing infective
QT volvulus larvae from others in Simulium is a morphological
one, The main criteria are the total length of the larvae,
the relative length of the oesophagus to the intestine, and the
caudal morphology including the anal ratio (Welson and Pester,
1962)7 TUnfortunately, some of these dimensions do not clearly

1l

distinguish 0y volvulus from other specles of Onchocerca (Dr. RY




Gaims, 1983, pers, Comm,). There are some 25 animal Tilariae
in the genus Onchocerca, some of which are transmitted by
simuliids (Muller, 1979), For example, the infeetive larvae
of Oy guifurosa, Qv gchengi, 0. cervicalis are 427-572{4,
470620 ¢ and 600~700 f« long, respectively (Nelson and Pester,
1962; Helson, 1970; Omar et al., 1979)% Thus these dimensions
overlap with that of 07 volvulus,; which has a length ranging
from 440 ~ 7351 {Welson and Pester, 1962; Duke, 1967; Voelker

and Garms, 1977)%

So, a2ll infoctive larvae of Onchocerca found in Simulium
can only be c¢laggified into “Morphologically indistinguishable
fron QE.XQlEEiEEH (Nelson and Pester, 1962; Voelker and Garms,
1977)% Obviously those that are morphologically indistinguisb-
able from QT volvulus may also consist of apecies of animal

Onchocercas

From the foregoing; it is obvious that accurate assessment
of the transmission rate of 0, volvulus and determination of
vector status of man-biting Simuliuvm speciles based on morphe
ological differentiation is seriously hendicaped, To tackle
this problem, alternative means of identification are belng
developeds Recently, limited progress has been achleved by
empleying histochemical methods (Oman and Kuhlov, 1978; Omar

at el%, 1979; Muller, 1979; Omar and Carms, 1981)%

———
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Onchocerciasis in Ethiopla

Human onchocerciasis has been knowvm %o exist in Ethiopia
since 1939, when Jacono gt al, {cited in Oomen 1969a,b)
demonstrated for the first time the presence of Onchocerca
volvulus infections in Kaffa region, south-west Ethiopial
Sinco then the disease in Ethiopia remained largely unrecognized
and rocieved little attention until about the late 1960's:
Around this time extensive epldemiological studies carried out
by different workers (Torrey, 19663 Oomen, 196T7a,b; Oomen 1969a,
by Iwamoto et aly, 1973; Tenkyck, 1973; DeSole and Walton, 1976;
DeSole and Kloos, 19763 Woodruff et aly, 1977) clearly established
onchocercinsls as an endemic and wlidespuead disease in South-
west and western Ethiopia, I% is believed that in muech of these
areas, the vegetation, perennial rivers and streams and the
¢limate offer favorable conditions for the presence of Simuliun

as well as for the transmission of the disease (Schaller, 1972).

Relatively recently,; the presence of the disease in the
Humern area, north-western part of Ethiopia has been reported
(Lester and Teega, 1974 Mengesha and Jembere, 197%; Mengesha
and Tiruneh, 1977) from patients who have been to the Metema -
Humera lowlands, The discovery of a new focus of onchocerciasis
in the HSudan close to the Ethiopian border along the Atbara river
by Abdelln and Abubakr (1975) strongly suggested the presence of

the disoase in this part of Ethiopia’y
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According to Oomen (1969a,b) and DeSole and Kloos (1976)
the endemicity of onchocerciasis in Ethiopia 1s generally low
except in some coffee growing areas, The coffee arem seem to
offaer Tavourable ecological conditions for the vector as well
a8 for the dense human populations associated with coffee,
thus forming a large reservoir for the parasite (DeSole and

Kloos, 1976)%

The prevailing clinical picture of the disease in Ethiopla

involves various degrees of skin changes (Oomen, 1967a, 1968,
19698, b; Iwamoto et al.; 1973; DeSole and Walton, 1976;
Woodruff gﬁ aly, 1977) and appears to he move common in the
highlands (above 1000m) than in the lowlands (below 1000m)
(Oomen, 1969a,b)y Eye lesions snd blindness due to oncho-
cerciasis are absent or uncommon, Whether this is due tq a
low level of transmission or a mild nature of theApargsite in

Bthiopia remains to be investigatedl

‘ v ¢

258517 The vectors of onchocerciasis in Ethiopia

Various investigators (VanSomeren, 19445 Grenlex
and Ovazza, 19563 Ogata et al,, 1970b; Tanaka et al.,
1973) have recorded at least seven anthropophilic
species of Simulium in various parts of the country.,

0f these, S5, damnosum s.1l, and 8¢ ethiopiense are

congidered as the wost important vectors of

onchiocerciagis in Bthiopia. The latier, a member of
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the neavel group, was earlier considered as a subspecies of
ST_FQodi;(Fain and Oomen, 1968 - cited in White, 1977), but
has now been accepted as guite a distinet species (WHO,

1978; Raybould and VWhite, 1979; Townson and Meredith, 1979)3

Although Grenier and Ovazza (1956) and Oomen (1969a,b)

had long suspected §3 damnosum s,17 and éf ethiopiense to

be vectors of onchocerciasis in Ethlopia, the first evidence
for the véctor status S, damnosum s,1 came from the work of
Tanaka et 8l (1973) who isolated OF volvulug larvae from
notural populations of the fly in Gojeb and Didessa riversy
The infection rate (including developing infections) in
Gojeb and Didessa ranged from 10924 to 12%9% and from 20% o
405, respectivelys This was later confirmed by White (1977)
when he isolated a few Onchgcerca larvae from 2000 of the

flies examined in Gilgel Ghibe rivery

"he 1o0le of §} ethiopiense in the Yranswmission of the

disease still remeins to be clarificd., This species bltes
man in sufficient nuubers (Grenier and Ovazze, 1956;0omen,
1969a,b; TenByck, 197%; White, 1977) to be of importance,
’although ite biting densities are wvery low compared with
those of §5 dopnosum s,1% For example, in the Gilgel Ghibe
river, the mean daily total of S, demnosum caught by a pair

of catchers was 9556, while that of S8V cthiopiense was 86

(White, 1977)1 Wo natural infections with Onchocerca larvae

have yet been encountered in this speciesy Attempts by




thite (1977) ald not revesl any from the small number (46)
dissccted from the Gilgel Ghibe rivery However, i1t has
experimentally been shovn to be a potential vector, since
development of 0, volvulus microfilariae to the infective
stage was demonstrated in flies fed on infeoted men (Schmidt,

¥y TJ, Pers, Comm, to White, GiBs, 1977)%

Other anthropophilic specles are also knovm to exist,but
thelr biting behaviecur and thelr importance in transmission in
general are not yet clarified. One of these is é? gibense
Uemoto, Ogata and Mebrahtu, 1977, whose biting habit is
apgsociated with the rainy seasony 59 dentulosum is believed
to be unimportant, since it Is unable to bite the human skin
(W¥hite, 1977)v Three other species (iiel, §f adersi and two
unidentifiecd species) elso show anthropophilic tenden01es

but have not been observed biting man (Ogata et al.,1970a)

Furthermore, a checklist of Simuliidae in Ethiopia by

Mebrahtu et all (1980) reveals the presence of §f gyasalandicum;
§ﬁ DEXE& and g} vorax which are accassional man~biters else-
where in Africa and have been shovm to be potential vectors
(Grosskey, 1957; Wegesa, 1967, 1970). However, nothing is

known about the biting habits of these specles 1n Ethilopia,

Ag Tar as the distribution of Simulium vectors in Ethiopla

1s concerned, §ﬂ cthiopiense is mown to be westricted to

smaller streams and rivers of the south-~wesitern end western
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highlands of Kaffa, Illubabor and Wollega regions (Oomen
1969a,b; Ogata et al., 1970Db; TénEyck, 19743 White, 19773
Mebrahtu et als, 1980), Its highland distribution in the
south-west 18 consistent with the hehaviour of the neavei
group which as a whole prefer well-wooded environments

(Wro, 1978). On the other hand $, damnosum is known to

occur along the major rivers of the south-western, western,
north western and eastern part of Bthiopia (Grenier and

Ovazza, 1956; Ogata et al.; 1970b; TenEyck, 1973; Tanaka et al.,
19733 White, 1977y Mebrahtu et alJ, 1980), The presence of a
non-anthropophilic Sy damnosum sy1y (Grenier and Ovazza, 1956)
was not however verified when Ogata EE.ElT (1970b) conducted
an extensive survey throughout most of the country, The third
man-biting species, S, gibense 1s so far reported from the
Ghibe river, crossing the road from Addis Abeba to Jimma, and
also from the Didessa river, crossing the road from the Nekempt

’ 4

to Ghimbi in Wollega region (Uemoto et all, 1977)%




e MATERIALS AND METHODS

The Ghibe river, elso known as the upper Omo, together
with other tribuvtaries, makes up the Omo river system, This
river system runs for more than 608 km from its source in the
western plateau in Wollega administrative region all the way
to Take Rudolf (now Lake Turkana) in Kenya and southern

Ethiopia (Wodemariam, 1972)%

The study area is in a valley at the boundary bheitween Shos
and Kaffa administrative regions in the south~western part of
Ethiopin, The Ghibe river actually forms a natural boundary
(¥ig 1)V The study area is mituated at about 180 lan south-west
of hddis Abeba near the Ghibe bridge on the Addis Abeba -~ Jimma
main road., It lles between latitudes 8°1%! and 8%14! N and
longitudes 37°3%! and 379351 E, Here, the Ghibe flows at

altitudes of 1040 to 1080 meters sbove sca levell

The valley abbve thce bridge where this Study was undertaken
is broad and wide open and contrasts sharply with the part of
the vallcy below the bridge which is clossed and deeply incised
(Figf 1)2 The valley ascends to some 1600 meters ahove sea
level on the escarpments on either side and the valley is about
30 ¥m wide,. In the study area up~river from the bridge, the
river forms two large pools aboul 1,5 km apart and watex epters
and leaves these pools rather Fast, forming gentler rapids,
These and other rapids seem to form suitable breeding places

for Simuliumy
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According to Gamachu (1977), this anea lies within the
dry subhumid regions of the country, It also lies in the
region whore there are seven raihy monthe, with annual rain-
fall ranging from 600 %o 1000 mms The small and main rains
occur from March to May and June to September, respectively,

October to February are usually the dry monthsy

The natural vegetation of this area is grossly disturbed
by inecreasing human activity, The primary vegetmtion would
have ranged from riverine forvest along the edges of the rivef
to woodland and woodland savanna further up the escarpment,

At present, the vegetation consists of shrubs and grasses

with scattered Acacia seyal, Acacla sieberinna, Acacia tortilis,

and Tamarindus indica as the outstanding speclest

As regards the wildlife of this area, Hippopotamus (Higpogo-

tamus amphibus), Crocodile (Crocodilus niloticus), Nile monitor

(Varanus niloticus), Colobus monkey (Colobus polykomos), Anubis

baboon (Papio anubis), Waterbuck (Kobus defassa), Bushpig

(Potemochoerus porcus) and Warthog (Phacochoorus sethiopicus)
are the most commonly encountered animale, A number of fishe-

2

eating birds have slso been observed,

Mos+¥ of the land in this open valleyris being cultivated by
the Horticultural Development Corporation, Ministry of Agriculture,
where two small farms exist on a total of abou¥ 690 hectars of

landy Some 380 permenent end 200 seasonal labourers, most of
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and distinct seasonal patterns were apparent (Fig, 3)., It

may be seen that at least a few 8. damnosum were present
throughout the yeary The lowest biting density of 8, dammosum,
173 fligs/man/day or 0,1 filies/man/hour, was in March and the
highest, 73573 flies/man/day or 56.6 flies/man/hour, was in
Oétober, During the dry months (November - April) the biting
density of 8. damnosum ranged betweén 173 =~ 48%% flies/man/day
or 0Y1 ~ 3,7 flies/man/hour, In the wet months (May - October)
biting densities ranged between 2.0 ~ 73573 flies/man/day or

0,2 - 5656 flies/man/hour (Table 3)%

On the other hand, adults of 5. gibense were completely
absent from collections and were caught biting mean only during
the wet season, between June and October (Table 3 and Tig., 3).
The lowest biting density during this period was 173 flies/man/
day or 0,1 flies/man/hour in iﬁne and the highest was 20,3

flies/man/dav or 1.6 flies/man/hour in September:

During a routine biting catch at site 2 on June 25, 1982
{when §; gibense was caught for the first time) flies were seen
hovering around cattle that came to the river by this site,

Six éf gibense were caught biting the ears of the cattle, It
was also observed then that these flies tended to bite man more
when in the viecinity of cattle. This feeding habit of
§;,E12§g§§ then led to sampling of the flies on human bait among
cattle during the subsequent surveys (July %o November, 1982),

in addition to the routine collections at the three sites,
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Flies coming to bite a pair of human bait among cattle were
collected by a pair of catchers for a periocd of about 2 hours,
The number of 5. gibense caught biting each month are shown in
Table 4, Since two bait-subjects were involved for 2 hours,

the number of flies per man per hour was 4 times less the mean
number of flies per biting catch., To compare the biting densit-
ies of Sy damnosum with that of S. gibense, fipgures obtained

for §T gamnosuq from the three sites (Pable %) during the same

period (July ~ November) are also shown in Table 47

1t must be noted here that the highest number of S. gibense
caught, in September (Table 3 and Fig. 3), was mainly due to the
presence of a large number of cattle by the river (between 1300 -
1400 hrs) close to site 3 (Fig 1) where a normal biting catch

wag belng conduocted,

It may be seen in Table 4 that the biting densities of
§ﬁ gibense among cattle during July to November ranged from
6.6 to 37.5 flies /man/hour with an average density of 26,7
flies /man/hours The corresponding densities of §f damnosum
during these periods ranged from 3.1 to 56,6 flies /men/hour
(average = 15.5), The density of 5. gibense was actually much
higher than that indicated as numerous flies were seen hovering
around man and briefly landing and taking off without biting.
A few S, damnosum were also collected during these catching

periods but were never sesen Teeding on cattlel




TABLE &

Monthly Biting Catches of S.gibense orn Human Baii Among
Cattle and Their Compariscon with S.damnosum caught the

Ghibe River Valley

3 sites During the Wet Season of 1982 in the

No. of biting Total No. of Mean no. of Ko. of Ko. of

Month catches* S.gibense caught | S.gzibese/biting S.gibense/man/ | §.damnosun/man/
catch hour hour
July 3 328 109.3 27.3 L.
August 5 750 150 37.5 5.0
Septemper 3 361 120.3 30.1 8.7
Cetober 2 53 26.5 6.6 S56.6
November 1 6] o] 8] Sel
Total 14 1492 106.6 26.7 15.5

*
gach biting catach lasted for

about 2 hours.
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'*he preferred biting sites of 5. gibense on cattle were

mainly the wnbilicus and the wdder region of the cow. TFew were

also seen feeding on the ears,

On man, the preferred biting sites of H. gibonge seemed
{0 differ from person %o person, On balts having thin and curly
hair, the head seemed to be the preferred site, On baits with
thick hair the legs seemed toc be the preferred sites, However,
flies would also bite on the arms, the ear lobes and around the

cyes

Age Btructure of the Biting Simuliids

40371 Age structure of 8, damnosum

- — R

During the proéess of age determination in 5, damnosum
the general appearance of the fat bodies, the Malpighian
tubules and the ovaries were quite suffieient to
establish whether the fly was nulliparous or parous.

The presence or absence of follicular relios were checked
during the first two months of this study, and only in
doubtfull specimens during the rest of the study period,
This was decided because the observed changes in the
lMalpighian tubules, fat bodies and overies during the
first two months were found almost always correlated

with the pregence of follioular relicsy

From a totnl of %,418 female §, dampgsum collected

and dissected during the study period, 2,19% (64.2%) were
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parous and 1,225 (35.8%) nulliparous (Table 5), The
parous rates ranged between 11,%% in July and 83,3% in
May., The parous rates followed a seasonal +irend

(Fig. 4), in that most flies were nulliparous at the
peak of the rains (June to August), while in the other
months the parous rates were generally muoh higher

throughout’;

4V%.2%  Age structure of S. gibense

All 5. gibense that were collected among cattle
vere not age~graded., However, those routinely collected
Trom the 3 ¢atching sltes wore dismected for age determina-
tion, OFf the total 95 flies caught and dissected hetween
June and October, 90 (94,7%) were found to be arous
(Table 6)._ Determination of parity in these flies was
baged on the observation of follicular relics in all
cases, since other features were not found reliable,
Most had relatively large follicular relics when compared

o those of §) damnosum,

The Diurnal Biting Cycle

To determine the general form of the diurnal biting cycle
over the year, the mean total hourly collections of Tly popula-
tions (i.ey, total flies, both nulliparous and parous flies)

from the three sites were calculated for each month, The hourly
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TABLE 6

Age Structure and Infaction Rate of S. gibense.Colleoted
in the Ghibe River Valley (Dec, 1981 . Nov, 1982)

Year ©  lionth Ngéugﬁtfﬁgs lnuﬁ :ngigus gﬁ;ﬁ;’) Noi’aiﬂsof

dlssected l inTected
1981 | December - - - -
1982 | Januvary - - f 5
n February f - - - -
b HMarch - - - -
1t April - - - -
" May - - - -
" June | 4 1(25%) 3('75%) 0
v lgay 7 0 7(100%) 0
W August 11 1(9.1%) 10(1059%) 0
u 'Septemberj 61 3(459%) 58(95T1%‘ 0
" October | 12 0 12(100%) 0
" November - - - -
Total 95 5(5%3%) 90(94'7%) 0
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results for the 12 months were then pooled and the mean taken
for each fly population., Similar calculation were made of
metoorological conditions recorded during catching session.

'he results for 5, daynoswum are shown in Table 7 and Fig. 5.

It may be seen in Fig, 5 that S, damnosum flies were found
biting from dawn to dusk, The diurnal biting cycle showed two
peaks,; one in the morning (0800 -~ 1200 hrs) and the other in
the afternoon (1700 - 1900 hrs), the latter being the more
pronounced. The favourable ailr temperatures and relative
humidities under which most biting females were caught lie between
21$4§End 27.6°¢ ana 5%,3% and 73.8%, respectively, Biting act-
ivity was suppressed botween midday and much of the afternoon
(1200 ~ 1600 hrs), when temperatures were above 28°¢ and relative
humidities below 47%. The curve for parous flies followed the
same basic pattern as the total population while nulliparous
flies had a much suppressed peak in the mornling but rose steadily

in the afternoony

This basic pattern of the diurnal biting cycle was observed
to change at different seasons (Fig. Ga,b); During the dry season
(Figh 6a), both peaks were separated by several hours of very low
biting activity, During and immediately after the rainy season
(Jwne - September), when temperatures are cold, the morning peak
vas gsomewvhat reduced but was much smaller than the one in the
afternoon (Fig} 6b). Furthermore, biting activity was also

observed between the two peaks|
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whom are migrants from Wollo and Gojjam adminatrative regions,
work on these farms. The seasonal labourers spend the rainy
season here and go to Kaffa and surrounding aveas to work on
Coffee collection during the dry season, Orange, mandarine,
lemon, bangna, mango arce planted as the main horticultural

cash ceropsy However, gome spices like ginger, turmeric and
pepper are also grown, Malze 1s grown as +the main food crop}

On the slopes and close to the bridge there are few Tarmers
growing maize and sorghum as food crops, and cotton and sesame

asg oagh cropss These farmers and ‘the labourers also keep cattle,

sheep, goats and poultry, Some fishing is also practicedi

Selection of Study Sites

Before the actual study began, two reconnaissanoe-trips
were made in September and October 1981 to Ghibe, in order to
gelect sampling sites and to recrult and +train local aseistants
to be involved in biting catches, Three oatching sites at
intervals of about 1.5 km f» v each other were selected (?ig;l).
They were selected on WHO's (1976) rccommendation of their
proximlty to breeding sites, presence of relatively large number
of biting simuliids during reconnaissance surveys, and the
degree of human activity in the area, All the sites were on

the banks of the Ghibe river and were shaded for most of the

day'
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3737  Collection and Identification of Simuliwm

B R
v

373010 Adults

A monthly biting catch for a period of one yeaxr
(from December 1981 to November 1982) was performed at
each glte for a whole day from 0600 Tto 1900 hours,
Gntches at the three sites were ¢arrled out on three
consecutive days for most of the time, However, this
regularity was sometimes affected by bad wenther condi-
tions (eg: heavy rain) or high f£ly catches on a previous
day,y The sum of anll the flies collected from the three
sites was then taken as an index of Simuliuwm populations

for a given month,

Tlies coming to bite the hands and legs of a seated
human bait were regularly removed with an aspirator by
a seéond person seated next to him. Both sat on low
chairs, The bait often wore shorts and short-sleeved
shirt, but when the bait wore trousers and long-sleeved
shirts, these wexre rolled up well above the lkmees and
elbows, respectively To minimize boredom and avoid
bias in sampling (i.e% due t&“%ossible differences in
host attraotiveness), two baits were altermted every
two hours, On the other hand, the fly caticher always
vore trousers and long-sleeved shirt and was sometimes

replaced by me when fly density became vewy low, At

the end of every 1% oxr 30 minutes, depending on
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abundance, flies were traneferred to glass tubes plugged
vwith coblon wool %o await identificatlion and disseotion
for age determination. Flies were identified under a
bingecular disgsecting microscope using a key provided

by Crosskey (1973) and published desoriptions by Uemoto

et a1y (1977).

Pupas

A supplementary survey was also carried out of Simulium
pupae, with the view to determining the species composition
and thedir seascnal changes, Two sites were chosen for
pupal collection; close %o sites 1 and 3 of the biting
collection (Fig., 1), Rvery month, collection of pupae was
mnade by me for a period of 1 to 2 hours at each site,

Pupae were either picked up from various supports (eg. rocks,
sticks) using fine forcepm or were sometimes removed together
with their supports by cultting with scisscrs, All collections
were preserved in 80% aleohol in vials and jars, In the
laboratory in Addis Abeba these wewne sorted out and

identified under a binocular disseating microscope using

keys and illustrations of Freeman and Deleillon (1953 ),

Grosskey (1969) and Uemoto et aly (1977):

For confirmation of identifications, samples of the
biting simuldiide and pupae were gent to Dr, G.B., Vhite

(LSHTM) and the British Museum (Natural History)?
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Simulium Dissection for Age Determination

To separate nulliparous from parous, flies where dissected
in the field on the day of collection, If few flies were
collected, dissectlon was often completed within a very short
time, If complete dissection was not possible on the same day,
either due io bad weather or high fly eatches towards the
evening, then the remaining flies were kept overnight in a
field refrigerator to be dissected first thing the following

morning',

Just before dissection, flies were killed with carbon
tetrachleride wvapour and transferred into a petri dish with
damp cotton wool, Each fly was identified (Section 373.1,)
before dissection., TFor dissection, a fly was placed in a drop
of normal saline on a slide, Dissection was more or less
pevformed using the method described hy Duke (1968b), Using
fine entomological needles, the abdomen of the fly was severed
near the last %wo or three posterior tergites and the contents
of the ahdomen drown out under a binocular dissecting microscope

to determine whether the fly was nulliparous or parous’

Determination of female Simulium as nulliparous or parous

was based on characteristics that were observed on some organs

of Simulium damnosum by various workers (Lewis, 195%; 195T;
Duke, 1968b; Hauserman, 1969), Some of the criteria set by
the above authors, and recommended by WHO (1976) were used

during the present study. These weres:-
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The presence or absence of follicular relics in *the ovaries

(i;e., follicular relics are preseni only in parous flies),

The appearance of the ovaries (i,el they are somewhat
trangparent in nulllparcous flies and yellowish in parous

flies),

The stretchability of the ovaries (i.e, they can he easily
spread and stretched with needles in parous flies while

those of nmulliparous flies are fragile),
The retention of few eggs in some parous flies,

The appearance of fat bodies (i.e the fat bodies are large,
opague and sometimes multilobed in nulliparous flies while
they are reduced to small translucent relics or become

completely absent in parous flies), and

The appearance of the Malpighian tubules (i}e, in nulllparous
flies, the Nalpighian tubules are opague throughout, except
towards the end of the proctedeum, while in parous flies

they are either totally transparent or have transparent

and opaque sections )

During the process of age determination any nematode

encountered, including mermithids, were preserved in glycerol-

ethanol (70% alcohol plus 10% glycerol) in small vials for

later identification in the laboratory,
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The hourly catches which were dissected and divided into
nulliparous and parous, were counted and separately preserved
in 80% alcohol, in vials, for later staining snd dissection

for filarial parasites in the labvoratory in Addis Abedba,

Simulivm Staining and Dissection Ffor Pilarial Parasites

All females, including the nullipars but with the exception
of nullipars of October 1982, were dissected in order to make
sure that no filarial parasites were overlooked in the few

parcus flies which might have heen mistaken for mulliparous,

In the laboratory in Addis Abeba all Flies were stained
according to the method recommended by WHO (1966)., The alcohol-
preserved flies were first washed in descending dilutions of
ethanol (iLeI, 70%, 50%, 30% and 15%) and finally in water for
about 40 minutes in each case. Afterwards, the flies were
stained for 3 days in Mayer's acid haemalum and then differen-
tiated in water for % days., Finally, the flies were transferred

to glycerol to await dissection, To search for Onchocerca

volvulus oxr any other filarial parasite, head, thorax and

abdomen were separately dissected in separate drops of glycerol
on a slide, using fine entomological needles under a binocular
digsecting microscope. The filariae isolated from each region

were mounted in glycerol on slides and their number was recorded.
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3967 Identification of the Filarial Parasites

Identification of the filarial larvae was made by morph-
ological eXamination and measurements of the infective (3rd
stage) larvae found in proboscis, head, thorax and abdomen,

The developing stages (1St and 2nd stages), which are difficult
to identify morphologically, were simply noted and their number

recorded’

The following morphological features and measurements were
nade from camera lucida drawings of the infective larvae., These
were:- (i) total length, (11) maximun body width, (iii) nerve
ring (its distence from apex), (iv) length of the anterior
oesophagus, (v) length of the posterlor oesophagus, (vi) length
of the intestine, (vii) tail length, end (viii) tail width (at
the level of the anus). From these meagurements also, the
ratio of the whole oesophagus to the length of the intestine
(= Oesophageal/intestinal ratio) and the ratio of the tail
length %o fhe width (= anal ratio) were calculated? The results
were ‘then compared with dimensions of 0, volvulus documented by
various workers (Nelson and Pester, 1962; Duke, 1967; Voelker
and Garms, 1977) (Table 1), All infective larvae with dimensions
falling in the ranges shown in Table 1 were identified as
"morphologioally indistinguishable from 0y volvulus"y Other
filariae that were morphologleally distingulshable from

gf volvulus were identified by comparing the dimensions with
i




Dimensions

Observed by

TABLE 1

Different Authors

{(in microns) of 0. volvulus Infective Larvae

Structures Nelson & Pester (1862) Duke (1967) Vvoelker & Garms {1977)

measured Mean Range Mean Range Mean Range
Total length 566 510 - 630 630 440 - 700 634 545 - 731
Max. width 18.7 17 - 20 18 15 - 20 i3 17 - 21
Eead 9 8.5 - 11 8 8 13 12 - 14
Nerve ring 80 66 - 80 - - 81 70 - 94
Ant., Oesophagus| 108 100 - 130 120 o - 140 132 112 - 158
Post.Oesophagus| 254 170 - 300 270 130 - 320 281 202 -~ 352
Intestine 163 130 ~ 250 190 130 - 220 172 122 - 252
Oeso. Int.

ratio 2.2 1.4 - 3.1 2.1 2.0 - 2.6 2.4 1.3 - 3.1

Tail length 31.2 25 - 38 35 25 - 40 34 25 - 42
Tail width 13.3 10 - 16 - - - -

Anal ratio 2.3 2.0 - 3.1 2.1 2.0 - 2. - -
N ]

9t
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those of the unknown filarial types also documented by Nelson
and Pester (1962), Duke (1967) and Voelker and Garms (1977).

For confirmation of the identification of the larvae, samples

of the infective larvae were sent to Dr, Ralph Muller, Director,

Commonwealth Institute of Parasitology, UGKY

3% 7% Observations on Meterological Conditions

During each catching session every wonth, air temperafure
and relative humidity were meagared from dry and wet-bulb
temperature readings of a whirling psychrometerf' Readings
were made every half an hour from 0600 to 1%00 hours at each
gite), The mean values were taken as the hourly temperature®
and relative humidity. In addition, the total rainfall and
the mean temperature of the area for each month were obtained

from National Meteorological Services Agency, Addis Abeba,

* The dry-bulb temperature reading was taken as the air tempera-

ture of the hour's




4, RESULTS

4,1, The Species Composition of Simuliidae in the Ghibe River Valley

Pupae of some 9 species of Simulium were collected during
the regular monthly surveys carried out in the Ghibe river
valley from December 1981 to November 1982 (Table 2), These
species have been grouped into five subgenera (Crosskey, 1969)

below, They aresw-

A?, Subgenus Edwardsellum Enderlein, 1921

53(BY) damnosum Theobald, 19037

B?  Subgenus Metomphalus Enderlein, 1935
5Y(MYY gibense Uemoto, Ogata & Mebrahtu, 1977

g% (1Y) hargreavesi Gibbine, 1934,

87 (My) vorax Pomeroy,1922,
sv(12) (?) dewaense Uemoto, Ogata & Mebrahtu, 1977.

(4]

C‘.'

Subgenus Pomeroyellum Rubzov, 1962
§r(iﬁ) (?) awashense Uemoto, Ogata & Mebrahtu, 1977« -

8%(P") cervicornutum Pomeroy, 1920,

D, Subgenus Meilloniellum Rubzovy 1962

85(M7) hirusutum Pomeroy, 19227

E, Subgenus Eusimulium Roubaud, 1906,

55(EY) (2) nigritarsis Coquillett, 1902%

. s

of these, §%(EV) damnosum and S. (M.) gibense were the
dominant species followed by €. (P.) (?) awashense (Table 2)%

The others can be regarded as rare species,

-38 -




TABLE

2

Species of Simulium in the Ghibe River Based on
Pupal Collection {(Dec. 1981-Nov. 1982)

8. S. 5.(2) S. 5. 5.(2) s. 3.(2) 5.(%)

Year|Month damnosum [glbense! awashense |hargreavesi|hirusutunm) cervicornutun|voraxlidawaense| nigritarsis
1981|December 269 4y - 3 4 - - - -
1982 January 434 1 6 - 2 - - - -
n February 139 1 - 2 - - - -
n March 113 2 - - - - - - -
tt lApril 80 18 - - 3 - - - -
" May™* - - - < - - - -
n June® 7 - 7 - - - - - -
" July* - - - - - - - = -
" August 30 67 30 2 - 4 - 4 2
"  |September ©9 1995 - - - - 1 - “
n October 193 1096 - 15 - - 3 = -
" |November | 1418 88 89 20 2 - - - -
Total 2754 3315 133 Lo 13 4 b 4 2

? Tdentification doubtful.

* Surveys were difficult due to flooding.

=g -
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In general, an increasein the numbers of éupae was observed
towards the end of the rainy season, when S5 gibense seemed to
be the most abundant. TLater, and during most of the dry season,
§;’damnosum became more abundant, BExpressed as number of pupae
per man pe? hour, the seasonal fluctvations of the two common
species, S dammosum and S, gi ense are shown in Fig¥ 2, Both
of these species seem 1o breed continuously except during the
heavy rains (May ~ July)} when »upal purveys were made difficult
due to constant flooding of the river, However, a dramatic
increase in pupae was observed just after the heavy rains in

September and October (Table 2 and Fig, 2)¢

ra .

4725 The Man-biting Simuliwn Species in the Ghibe River Valley and

Their BSeasonal Tluctuntions

Turing the course of this study, only two-man biting apecies,
§§ damnosum and 8, gibensge were found in the Ghibe river valleys
However, the dominant anthropophilic species was §; ggmnosuml
The total number of adults of 5. damnosum and §} gibense caught
on human bailt at the three catching sites (Figh 1) were 3418

and 9%, respectively (Table 3},

Expreaged as numbher of flies per man per day or flies per
man per hour, the monthly biting densities are shovn in Table 3
and Pig, 3, In spite of the fact that catches from the
different sites produced very different fly totals (Appendix)

Yhe catches could be regarded as representative for the area
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PABLE 3

Wting Pensities of 5, damnosum and S. glbense in the

Ghibe River Valley apd the Monthly Meteorological Data
(Dec, 1981 W, Nov. 1982),

1982| dJanuery

1

" Ilarch
W lipril
" ikay

" lJune
"org ul.y
"oaupast
i1

" lOctober

Total

: Year lionth
1982 [ecenber | 22,8 43,4 0,0

3
Februery 26,9157,

——

Feteorolerical

25,4

2G.5]54%. 2 by,
27.0152.0) 22,
26.6]57,5] 8L,
25.8164,91 103,
t:eh.o ?h,611%9

5epfemher Pho] 65,81 46,3

23.5156.1] 70,2
tiovemher | 24.%|72,8 %?.
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The biting cycle of B, gibense (rigy 7) also had a morning
and an afternoon peak, but also included a much more pronounced

peak in the middle of the day between 1300 and 1400 hours’y

Egigctiog;ﬁates

475713 Pilarial infection rates in §, damngsum

[

0f 2,193 parous flies dissected, 217% (9V7%) were
infected both with developing and infective larvae
(Table 5), The infection rate per month varied from
4':8% +to 50% and showed some secasonal trend (Table 5
and Figi 8), in that it seemed lower when the biting
density was high in September and October (Table 3 and

Pigy 3)%

Developing larvae (Fig, 9a,b) were found singly in
107 (479%) of the parous flies dissected (Table 5)., The
numbher of these present in each fly ranged from 1 to 28

(Table 8), All were found in the thorax’y

Infective larvae (370 stage larvae), morphologically
indistinguishable from 0, volvulus (Figi 10a and Table 9)
were found in 69 (3.1%) of the parous flies dissected
(Pable 5), B of these were also oarrying double infec—
tions, The number of Q. volvulus infective larvae per
fly ranged between 1 and 34 (Table 8) with mean 3.5
(Table 14)., Most of tﬁese larvee were looated in the

proboscis and head (Table 10) and were thus infactive,
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Flg.8 3easonal trends of poarous infected{s—),
parous with developing 1arveo{ee——-~) and
parous with infective O.volvulus larvoe
(sccene) in 8. damnogum in the Ghibe River
Valley(Deo,1981-Nov,1982)
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Few had larvae in their ebdomen, Young third~stage
larvae which had not yet left the thorax were also
present; The monthly infectlion rate with infectiwve

. 0% volvulue ranged from 1.6% to 14%% Wo infection was
detocted in the months of March and May (Table 5).

The observed infection rates were found to be low
(Table 5 and Fig, B) in September and October when

biting densities were higher during these monthsy

Three other types of infective larvae, morphologically
distinguishable from 0, volvulus were detected in 37 (1.7%)
of the parous flies dissected (Table 5), All were
distinguished from O. volvulus by their size (Table 9)%

Two of these, Agamofilaria Type VI (Figy 10b) and

Agamofilaria Type ITI {Pig, 11) were present in 15 (0.7%)
‘and in 2 (0.,1%) of the parous flies dissected, respectively,
The average number of A, Type VI per fly was 1766

(®able 8), Only 1 larva of A, Type III was found in each
of two flies infected, Other infoctive larvae temporarily
referred to here ms unidentified (Pig, 10¢) were found to

be more common than the other two, They werc isolated

from 20 {0,87%) of the parous flies (Table 5). Although
the anal ratio is identical to 0y volvulus, they were
cenerally smaller in size (Table 9), The number of these

larvae per fly ranged from 1 to 17 {mean 6%7) (Table 8)%
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Tdentification of the larvae were confirmed by Dr. R.
Fuller, The identity of the smaller larvae awalls further

examination by Dr, Mullexr;

Wo infection was detected in the 652 nulliparous
flies dissacted to check for the accuracy of age determina-
tion in the field, However nmullipars (573) of October
were disoarded in the field because of the high number

of flies caught in that monthy

475727 Other nematodes in §, damnosum

Among the 3,418 females of S, damnosum dissected for
age=determination, only 4 (0,12%) were found infected with
mermithids (Pig. 12) in the abdominal cavity. Only 1
nematode per fly was found, The nematodes were found in
1 ©1y in August, in 2 in September, and in 1 in October;
All flies infected with these mermithids were nulliparous,
The average length and maximum body width of {these were
534775 # (5260 ~ 5400 ) and 103554 (103 ~ 107 & ),
respectively, These dimensions were consistent with those

given by Poinar (1977) for mermithids’

’

495337 Filarial infections in 8, gibense

The results of dissection of §f §jbensé collected
from man at the three catching sites are shown in

Table 6, None were found infectedy
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However, of the Hotal 1492 8, gibense that were
oollgcted from man among cattle and dissected, only
17(1.4%) were found infected (fable 11}, OF these,
13(0.87%) and 4 (0,27%) wers found infected with
developing stages and infective larvae, respectively.
The lowes?¥. infection rate, 0.61% was observed in July

and the highest, 1,89% in Octobery

The numher of developing formg per fly ranged 1 to
10 (mean 4) and that of infeetive forms ranged from
1 4o % (mean 2.25), All the infective lanvae were

located in the head (Table 12).

HMoxnphological examinations and measuncments of mosd
infective larvae (Table 1%) isolated firom 54 gibense show
that: they are morphologically indistingushable from
0. volvulug tha were isolated firom 8, damnosum (Table
10}, The larvae had an average length of 616.64%, a
maximvm body width of 17.8¢ and an anal ratio of 2.6.

The larvae (isolated from 1 fly) sent to Dr, Muller were
identified as morphologically indistingulshable from

0, volvulus (Fig.13).




TaBLz 11

Simulium gibense Collected on Human Balt Amoeng

Cattle and Dissected for Filarial irnfectien

Ne. of flies | No.{#) of flies | No.{(%) of flies| No.(%) of flies
Year ; Month dissected infected dinfected with infected with
developing infective larvae
larvae
1982 July 328 2(0.61%) 2(0.61%) -

"] sugust 750 8(1.07%) 7(0.93%) 1(0.13%)
" September 361 6(1L.67%) 4(1.11%) 2(0755%)
" i October 53 1(1.89%) - 1(1.89%)
Total 1492 17(1.14%%) 13(€.87%) 4(0.27%)

- 69 =




- 70 -

‘I".
=t O
[ Y] [o%}
3 wy
[#]
[
i H
@
[ _
>
‘_{ r
v
- Ay ]
HI Y
o
¢}
3] ~
Q
@i
+ ¥ o
s
S2
wl
H
43
U]
et
=
¥ H
2 i
P Lt
] 3] us
oo 1
- Y 1=t
+# Ok -
(S I, f LI
Q [l [a¥]
LS 1 g .
I-Fil 3] o
#
b} (E‘;
4@
_‘i D] m Y
£ (@]
[S I ¥ o=l
et M ' j
0t e —
* -
b % Nt
A
8
Yy
Le] H |
el r
1 4




TABLE 1

Dimension (in microns) of 6 Infedtive Larvae Isclated from
S.gibense caught in Three Different Months

Mearn dimensions

Structures August (1) September (2) October (3)
zeasured (Haemetoxylin sta- (haematoxylin stained) | (Unstained, glyce- of 6 infective
ained) rol mounted) larvae
1 1 2 1 2 3
Total width Sob .4 S71.9 555.0 640.0 658.1 $8C.0 616.6
Max. width 17:5 18.8 17.5 17.5 17.5 18.1 17.8
Nerve ring 663 61.3 £7.5 83.8 - - -
Ant. Oesophagus 86.3 118.1 112.5 150.0 138.8 135.0 123.4
Post Cesophagus 305.0 - 292.5 251 .4 287.5 287.5 266.9 282,.3
Intestine 162.5 122.5 153.8 162.5 192.5 247.3 173.5
QOeso.-intestinal ‘ ' '
ratio 2.4 3.4 2.k 2.7 2.2 1.6 2e3
Tail length 31.3 38.8 28.1 %8.8 35.6 33.8 3ol
Tail width 13.1 1245 13.8 13.8 12.5 144 13.3
Anal ratio 2’4. 3.1 2.0 2.8 2.8 2.4 2.6
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Transmission of Q. volvulus by 8, damnosum

In ondexr to see the intensity of transmission that was
possible in the Ghibe rniver valley, daily, monthly or
annually, the concept of transmission pollential (Duke,
1968b) has been used., ©This is defined 25 the number of
infective Q. volwvulus which theoretically could be in-
oculated into one man in unit time, Mathematically, it is
the product of the infective biting density emw man (flies
harbouring infective 0. volvulus larvae) in a unit time
(daily or monthly) and the mean number of inflective larvae
per. infiective fly, Table 14 shows the results of these
astimates from the samples obtained, It can be seen (Fig.
14) that the observed transmission intensities followed a
geasonal trend. The highest peak of transmission was
observed in Qctober when about 92 infective larvae could
be‘transmitfed per man per day.  The lowest was obsenved
in April when only 0.3 larvae/man/day could be tHransmitted.
In general, transmission potentially could to take place
throught. most of the year; although on a very low level,
The annual transmission potenbtial which is the sum of the
monthly transmission, was found to be 3567,3 infective

larvae/man/year (Table 14),
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%a DISCUSSION

Spoecies Compogition, Seasonal Fluctualions, Parous Rales and

Biting Uycles,

Four of the 9 species of Simulium recorded in the Ghibe

river valley during this study (Table 2), §, vorax, S.,(?)

et e e e

reaords for this stretch of the Ghibe River, Whilet

S, cervicornutum and S. hirusutum have been recorded elsewhene

——

on the Ghibe .- Omo River system (Mebr “ttu et al’y, 1980),
8. vorax and §§ (?) dawaenge have not Heen recorded from this

river system previously.

The specimen identified as S, (?) awashense in this work
could very vwiell contain specimen of §ﬁ mecmahoni, which is
algo known to occur in this area (Mebrahtu et al., 1980).
Distinction between these two species could not ¢asily be made
on pupal characteristics alone since both gpecies can have 12
respiratory filaments,; although 8 is the usual number for
8% macmahoni (Freeman and De Meillon, 19533 Crosskey, 1969).
Ho pupa with 8 resonircatory filaments was aollected during this
study: The exact identity of most of the pupae is pending
confirmation by Dr, R.W. Crosskey, British Kuseum (Natural

History)s

Oof all the cpecice fovand, 5. damnosum and §ﬁ gibense can
be regarded ag the mos’ ommon and important species in the
valley, Furthermore, they are the only man-biting blackflies,

although 8. dannosum is the predominant and most important

- 76 -
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anthropovhilic species, The observation of §, gibense biting
man, though occasionally, further confirms a previous report

by Uemoto et al. (1977).

In swarms of simuliids, surrounding and biting cattle in
this valley, predominantly 3. gibense and occasionally
§ﬁ damnosum were caught on humen bait, While 57 gibense has
been observed feeding mainly on cattle, S7V damnosum was never
seen doing soy S, bovis, which is also cattle~feeder (Preeman
and De Meillon, 19%%; Crosskey, 1957) and with which 8, gibense
may be confused in the adult stage, has not been found in pupal
collections during this study. There is no past record of
§} ngig oceurring in the Ghibe-Omo River system (Mebrahtu
ot all, 1980)% The identity of 5, gibense in this study was
also sometimes confirmed by breeding adults firom pupae which
were very easily digtinguished from pupae of §} bovis and
comparing with wild caught flles using descriptions of 5. gibense
(Uemoto et aly, 1970), Specimens have also been sent to
Dr'y HTW}’Grosskey, British Museum, for confirmation of identfica-
tiony S vorax was represented by only 4 pupal specimens
(Table 2) and was not encountered biting cattle or man in this
studyy According to Raybould (1967), S, vrax feeds mainly on
cattle but will also bite man when in close proximity to cows.
It has also been reported as a potential veclor of 9; xg&zglgg
in Tanzania (Wegesa, 1967). In Ethiopia, §; igggg is known to

oceur in a few localities (Mebrahtu gj_él?, 1980), but nothing
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is yet knovmn about its biting habits. However, this species

scems uwnimpertant at least in the Ghibe river valley,

The seasonal data of this study reflect only broad trends
because collections were made at about monthly intervals, More
frequent collections are apparently required to observe detailed
seasonal patierns 1n the immature stages, biting densities, age
gtructures and filarial infection rates., It should be noted
that in tropical conditions, most species of Simulium, includ-
ing §; damnosum, have a short life cycle of about two weeks
and adult longevity of about three to four weeks (Crosskey,

19733 WHO, 1976).

From Fig, 3 and Table 3,it may be seen that there is sone
assoclation between seasonal incidence and rainfall, Although
adulis of 8. dammosum weras found in every month of the year,

a reduced biting density was observed during most of the dry
season (November - April) with densities of 0.1 to 3577 flies
/man/hour, Higher biting densities were observed in the wet
season (May - Ootober), the highest being noted in October with
5656 flies /man/hour, In Northern Nigeria, where there are
also dry and v~ ; seasons, (Crosskey (1955) observed very small
numbers of S, damnosum biting, ranging between 0,01 and 0.2
flies/man/hour during the dry monthe {(Wovember - April), Lewis
(1953) also noted very few 5. damngsum biting duriﬁg the dry
months (November - April) in Southern Sudan, %The low biting

densities during the dry months may be attributed to the
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scarcity of breeding sites, whereas in the wet months, abundant
and favorable breeding sites are created with a consequent rise
in fly populations, The highest peak observed for S, damnosum
in October (FPigy 3) may be due +to the fact that towards the

end of the rainy season, river levels become more or less

stable or slowly decrease thus favoring maximum breeding with
consequent rise in adult population, During the months of

high rainfall (June - August), freguent flooding of the river

may be less favorable for breeding,

The observation of S. gibense blting only from June -

October (Table 3 and Fig, 3) indicates that it is a wet-season

species, However, since man does not seem to be its natural
host, Figy 3 may show a false impression of its relative
abundance during this period. As a cattle-feeder mainly, biting
catches of the species in the vicinity of cattle (Table 4)
clearly showed that it was much more numerous and abundant than
indicated in Tgble 3+. Moreover, when compared with bhiting
densities of §} damnosum{during the wet season, é; gibense was
more abundant than é}.damnosum from July to September (Table 4)
when 1its biting density was 27 -~ 30 flies/man/hourf The
corresponding values for §,zggggg§gglwas about 4 ~ 8 flies/man/
hour, For a very closely related speciesg, §, bovis, Crosskey
(1957) noted similar observations in Northern Nigerial Not
only was g?,ggxig a wet season species but also it was found

t0 be much more common than S..damnosum during this period,
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The fluctuation in numbers ol $, damnosum and S, gibense
pupae geem also to be related to changes in the seasons (Fig. 2).
Both these species continously bred throughout the year except
May -~ July when the river was in deep flood and surveying was
difficult to make (Table 2). During the dry season, S. gibense
bred on a very small scale compared to S, damnosum. This in
part explaine the absence of adult S. gibense from the biting
catches during the dry scason. However, whother S, gibense
occured émong cattle in small numbers has not been studied,
although this appears to be so. The high nunber of Se gibense
pupae during August - October (Pig. 2) is also manifested by
the large number of adults (Table 4) and indicates that it is
a wet-season species, The reason why H. demnosum pupae were
much fewer than §. gibense during these periods (Fig. 2),
partiicularly in October whon its adult population was at its
highest peak (Fig, 3), i® not clear. During these‘periods
B¢ gibenge pupae were predominantly found on several of the sube
strates examined, The possibility of EN Adamnosum breeding in
some inaccessible substrates below the surface of the water
(Dewis, 1953) might explain this discrepancy in pupae/adult
population, In Panzania, Hauserman (1969) also noted S, damnosum
being out-numbered by mass-breeding of 8, vorax on habitats with

fast flowing water. Wembers of the subgenus Metomphalus are

known to be dominant in fast-flowing and turbulent rivers
(Crosskey, 1969)~ T*'s might also explsin the decreased breeding

activity of S« gibense during the dry season when water speed
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markedly declined. Survival of this species during the dry

geason therefore seems to be assured by a reduced breeding in

a few places with moderate water speed,

The observed high parous rate (64.2%) for E} damnosum
(fable 5) seems similar to those of the savannn zones in west
Africa (Le Berre et al., 1964; Le Berre, 1966; Lewis, 1965;
Duke, 1975)% Duke (1975) has shown that, in thc savanna, parous
flies tend to concentrate along the banks of the river while
nulliparous flies disperse further away from the river., It is
interesting to note that the vegetation, altitude and the semi-
arid or dry-subhumid climate in the Ghibe River valley are
gavanna or scmi-savanna types (Gémaohu, 1977)¢ The high propor-
tion of nulliparous flies during the rainy months (June — August)
when the population started to increase could he explained by the
fact that at this time favorable air humidity and air temperature
induced increasing reproductive activity with corresponding
increase in nulliparous flies, However, according +to Garms
(1975) infestations with parasites, especially fungi which are
usually very high in the rainy season, might contribute to low
parous rates during these periods, In this study also,

mermithids were found during the wet months (August -~ October).

The rcason why 5., gibense had a high parous rate, 94 ,1%
(Table 6) during the wet-season when it is mass-breeding is

not quite clear, Nost had large follicular relics probably
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resulting from recent oviposition and were probably feeding
on the same day of oviposition (Lewis, 1960a)., The high
parous rate may be due to nullipars dispersing great distanoce
in search of their preferred hosts (cattle), The possibility
of a change in host specificity with increasing age has also
been postulated by Disney (1972) so that what started as a
primarily =zoophilic population would tend to be more

anthropophilic or vice versa,

The bipeaked diurnal biting cycle of Si damnosum (Figh 5)
was probably due to high temperatures (»28°¢) and low humidit-
ies (€ 47 RHZ) around the middle of the day, The favorable
range of temperature for fly activity in the present study was
21.24°96-2756°C and is similar to 22°6~26°C reported by Hauserman
(1969) for S, damuosum in Tanzania, It was also observed that
the proportion of parous flies was higher in the morning hours
than in the afternoon (Table 7 and Figh 5)% Several authors
(Lewis, 1956, 1960a, 1960b, 1965; McGrae and Prentice, 1963;
Duke,ll968b) have also reported similar differences in the
biting cycle of parous and nulliparow flies. . Although the
reasons are unclear, this is significant in the epidemiology
of onchocerciasis in that persons exposed to Simulium bites
in the morning hours are at a greater risk of infeclion than
those in the afterncon hours, . In addition, if flies caught
in the afternoon were dissected for filarial infection, much

time would be spent dissecting nulliparous flies which are
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free of infection (Lewis, 1957), However, this differential
biting cycle between parous and nulliparous flies was not
apparent in the curves for dry and wet seasons (Fig 6a,b).
Perhaps data of a few months may not be sufficient to
appreciate such differences, for little will be understood

without a prolonged study (Lewis, 1960b)

The biting cycle of S. gibense (Figi 7) also seens to be
basically bipeaked, one peak in the morning (0900 =~ 1000 hrs)
and another in the afternoon (1700 - 1800 hrs), But the
highest peak occured in the early afternoon (1300 ~ 1400 hrs)
and coincided with cattle coming to the river, when most flies
were collected as a result, However, since man does not seem
to be the preferred host and differences are likely to occux
in the biting cycles of flies caught on man and animals
(Disney, 1972), the exact picture of the biting activity of
§f gibense must be determined in the future on its noxrmal

host (cattle)y

Transmission of Onchocerciasis

The presence of anthropophilic Simuliuwn species in essen—
tial for transmission of human onchocerciasis to take place,
0f the two man-biting species encountered in the Ghibe River
Valley, §ﬁ damnosum is the predominant anthropophilic species
and seems responsible for much of the transmission of human

onchocerciasis in the area, Infective larvae morphologically
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indistinguishable from 0. volvulus were found in %.1% of the
parous flies dissected, Beceause of the strong anthropophilic
behaviour of the flies, the filarial larvae are assumed to
be of human origin. It may be seen (Fig, 8) that the infection
rate with 0. volvulus showed some seasonal variationi Towest
infoction rates were observed in September and Octobex, when
biting densities were actually high during these months, and
higher infection rates were observed during most of the dry
season when biting densities were low (Pigi 3). This woulad
probably give a wrong impression of the transmission of the
disease to follow the same seasonal trend, However, estimates
of the daily or monthly transmission potential (Table 14 and
Figy 14) indicate that fhisrwas not the casel, It ig observed
that the highest transmission potential took place when
highest biting densities were recorded, in October (Fig, 14
and Pighy %)¢ If a man was éxposad to infection dufing 13
hours of the day, he would be exposed to about 92 gﬁ volvulus
larvae per day in that month. Throughout most of the year
low transmission intensities were observed and this coinc¢ided
with low biting densities, It follows from this that any
decrease in the total fly population resulting from control

operationg would bring about a reduction in transmission|

The annual transmission potential (ATP)} which is the number
of infective 0, volvulus larvae which would be innoculated into

one man in one year (WHO,1976) has been found to be about 3567
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for the Ghibe River Valley during this study (Table 14), This
figure does not indicate the actual amount of transmission to
which an individual would be exposed in the Ghibe River Valley.
In generaly ATP levels do not indicate the actual number of
larvae tranamitited to any person in the local population,

since fly catches are carried out at seleqted sites (Duke,
1968b; Garms, 1973; WHO, 1976), Moreover, no person is
normally fully exposed to Simulium bites all day, Added to
thaty only some of third stage larvae are actually infective
and not all of them leave the wveclor during a Ylood meal
(Garms, 1973)V ATP Ffigures thus only represent the theoretical
maximum transmission potential 1o which an individual would be

exposed (Duke, 1968b),

In forest villagesin Cameroon, Duke et ali (1972) Ffound
ATP levels of 897, 2806, 10241 and 87846, where the prevalence
of onchocerciasis was 31%, 64%, 7% and 71%, respectively.
They concluded that,; under forest condiiions, ATP's of 3000
or more are assoclated with a high prevalence of onchocerciasls,
This notion was, however, refuted by Garms (1973) when ATP
levels as low as 900 were also associated with a high prevalence
of onchocerciasis (64%). In a savanna zone in Cameroon, Duke
et ali (1975) associated ATP levels of 500 - 18000 with 100%
prevalence of onchocerciasis and concluded that ATP levels

above 1500 are associated with high rates of blindness,
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Unforbunately, no figure is available for human cases in
the Ghibe river valley to make comparisons with those of west

Africaly

Although 3. damnosum is considered to b strongly anthro-
pophilic, three types of infective larvae, other than 0, velvulus

have been isolated from this fly during this study, Two of

these, Agamofilaria Type VI (Fig, 10b) and A. Type II (Figa 11)
are known from g; darmosum elsewhere in Africa (Duke, 1967;
Voelker and Garms, 1977); The other, a smaller larva (Fig.
100), was also detected in about 20% of +the parous flies, These
small larvae could possibly be 0. volvulus larvae, since stain-
ing processess may lead to shrinkage and distortions (WHO, 1966);
fhatever the case may be, further investigations are required
to clearly establish whether these are in fact Q? colvulus or
other unknown larvae, The occurrence of such unknown filarial
larvae in éﬁ gggggggg indicates that it is not strictly
anthropophilics; In some areas (eg. Liberia), the incidence of
A Type III was recorded to be very high (3:8%) and exceeded
that of 9_‘;‘ volvulus (2.2%) (Garms and Voelker, 1969)% ihis

suggests that 5. damnosum can predominantly be zZoophilich
]

The detection of mermithid nematodes (Fig), 12) in S8, damnosum
is also of gignifioance. Mermlthide are Known to bhe parasites
of many insects and invariably kill their hosts (Gordon et al.,
1973)? The isolation of these nematodeg from nulliparous

flies in this study may suggest that flies infected with these
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nematodes may not survive long enough to reproduce or Serve
as vectdrs of 0. volvulus. Hausermen (1969) has also recorded

these nematodes from nulliparous flies’

The role of §g gibense in the transmission of human
onchocerciasis in the Ghibe river valley is uncertain, This
gpecles bites man occaslonally when 1ts density is high, and
only during the rains, The sepecies is found to he strongly
zoophilic, feeding mainly on cattle, However, it bites man
in quite sufficient numbers when man is in the vicinity of

cattle’

Although infective larvae resembling Q? volvulus have
been detected; it is by mno means certain that they are
gﬁ volvuluss In fact they are most likely to be species of
animal Oﬁcho@g;gg, gince the flies arc associsted more with
cattle than with man, The morphological resemblance of
animal Onghocerca to O, volvulus is well knovm (Nelson and
Pester, 19623 Nelson, 1970; Omar, et aly, 1979) and is
praclically dimpossible to distinguish morphologically between

11}

human and animal Onchocerca (Garms, 198%; Pers, Comm, )s

No information is available on the exact prevalence and
digtiibution of animal Onchocerca in Tthiopial However, the

presence of 0, armillata, 0. gutturosa, O¢ ochengi and 0, gibsoni

is documented (Bwangamol.;1969; Graber, 1973)% The vectors of

these in BEthiopia and elsewhere in Africa are not yet knowvm
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although both Simulium and Culicoides gpecies are suspected

(Raybould et al., 1974; Muller, 1983, Pers, Comm, )y

Al though the filariae isolated from 8, gibense may or may
not have been Q? volvulug, the fact that infective larvae were
1solated suggests the ability of this gpecles 1o serve as a
vector of human or animal Onchocerca, The exact role of
§? gibense can only be ascertained by knowledge of the prevalcence
and intensity of both human and animal onchocerciasis in the
area, for which no information is yet available, Furthermore,
the use of histochemical methods {Omar and Kuhlov, 19783 Omar
Ej_glf, 19794 Muller, 1979; Omar and Garms, 1981) may be required

for the identification of the larvae isolated from §; gibense,

4

Even if 5. gibense proves to be a vector of 0% volvulus,
it 1s unlikely to be a wvery important oney; for it is mainly
a zoophilig species’ However, with the absence of i1ts normnl
host (@attle) due to mechanization oxr otherwise in this valley,
the possibility of this species resorting to man for blood-
meals cammot be ruled out, In such a case éﬁ g}éggggrmight
become as important as 5. dawnosum in the transmission of human
onchocerciasis in the area. The observations in this study
suggest that transmission of human onchocerciasis by §} glbense
is at least a pogsibility. DMuch more comprehensive studies are

therefore required to ascertain this possibility’
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APPENDIX

Monthly Collecotions of S. demnosum and §T gibense

The
at the three Sites in the Ghibe River Valley
(Dec. 1981 - Nov, 1982)%
S, damnosum S¢ glbense
Yzar | Month Site |8ite ; Site | Potal | Site |8ite |Site |Total
1 2 3 1 2 3
1981 | Decembox 11¢ 21 14 145 - - = -
1982 | January a4 T T 108 - - - -
" February 26 4 4 34 - - - - %
" March 3 1 0 4 - - - -
n April 6 5 0 9 - - -~ - 2
n Mey 2 2 é 6 - - - - ?
" June 80 9 5 94 2 1 1 4 f
n July 87 52 20 159 0 6 1 7 }
" August 109 43 4l 193 5 5 1 11
n September{ 154 | 120 67 341 9 Jlé 36 61 L
n October 1003 420 783 2206 © 1 1 10 12
n Novembexr T0 48 1 119 - - - - é




