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Simuliidae and Their Relation to Human
Onchocerciasis in Northern Venezuela

D. J. LEWIS I & R. IBANEZ DE ALDECOA 2

A study of the vectors of onchocerciasis was carried out in 1961 in northern Venezuela
at the request of the Venezuelan Government. This article, based on the report submitted,
records various observations made-mainly during the dry season-on the identification
and biology of the Simuliidae and on the possibilities of controlling them.

Twelve Simulium forms were encountered; special attention was paid to the two
common man-biting species; S. exiguum, which was abundant but of uncertain relation to
onchocerciasis, and S. metallicum. The authors conclude that S. metallicum is the main
or only vector in the area studied, but that S. exiguum might possibly also transmit oncho-
cerciasis in certain places near large streams where it is found in great numbers.

At the request of the Venezuelan Government a
study was made of the vectors of onchocerciasis in
northern Venezuela, their identification and biology,
and the possibilities of controlling them. This paper
is based on the report on that study, which enabled
us to assess the practical impoctance of the two com-
mon man-biting species of Simuliidae and to de-
signate the main breeding-places of the vector of
Onchocerca volvulus.
Most of the work reported here was carried out

near San Antonio de Maturin (referred to hereafter
as San Antonio) in the seven-week period between
4 April and 28 May 1961, and, except where other-
wise indicated, the observations mentioned relate to
that area-that is, close to San Antonio itself and in
or near several other villages, including Santa Maria,
within 30 km of our base at Caripe. An exceptionally
long dry season prolonged the main breeding period
and facilitated collecting, although some streams
were dry. Between 29 May and 7 July a few addi-
tional observations were made in bther areas, but
the onset of the rains had caused the number of
simuliids to diminish.

"Scientific Staff, Medical Research Council of Great
Britain, c/o British Museum (Natural History), London,
England. The work reported was carried out while Dr Lewis
was acting as Consultant to the World Health Organization.

' Formerly, Chief of the Onchocerciasis Control Cam-
paign, Ministry of Health and Social Assistance, Caracas,
Venezuela.

METHODS

Well-known methods were used in general but a few
points deserve to be mentioned.
We used rubber gloves when collecting pupae in

the western area, where bilharziasis occurs.
For all-day catches we supplied collectors with

20 tubes per hour, and estimated biting rates during
periods when 20 tubes were used in less than an hour.
We employed a binocular microscope which was

light and compact enough to be easily carried by air
or road. It was of the type which is meant for exa-
mining solid objects and does not require a heavy
stand with fixed mirror and large hand-rests. A
mirror 2.5 cm square was mounted on Plasticine
beneath the stage. The monocular microscope was
of the kind used by Lewis & Minter (1960), provided
with a small glass mirror and a coarse-focusing
device worked by wedges made of hinged microscope
slides. This instrument weighed 1.05 kg, about
8.6 kg less than an ordinary microscope with its box.

It was found to be easier and quicker to examine
Simulium exiguum than S. metallicum because the
thorax of the former, being smaller, is more easily
crushed and its follicular relics are usually large.
The fat-body of the two common man-biters is so

small that it is necessary to rely on the ovaries for
recognizing parous flies. These organs are too small
to be dissected quickly, however, and the follicles
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are not completely transparent, so it is sometimes
difficult to see follicular relics. When dissecting a fly
we placed one ovary on a separate part of the slide,
added a drop of distilled water (which can be done
very quickly with a pair of forceps instead of a
pipette), and gently flattened it under a 3/8-inch
circular cover-glass. The ovarioles quickly became
transparent and it was usually easy to see follicular
relics. Any flies without ovarian parasites, which
showed colourless or slightly coloured relics, were
classed as parous. Lamontellerie & Le Berre 1 and
Le Berre & Lamontellerie 2 have reported abnormal
follicular relics in a few nulliparous S. damnosum but
R. Le Berre informs us that this is a very rare
occurrence.

THE ENVIRONMENT

The places visited are all in the known areas of
human onchocerciasis, which has been studied by
various workers since 1948 (Briceio Iragorry &
Ortiz, 1957; Ibanfez & Convit; 3 Pefialver 4). The
disease exists in the more populous part of the
country, in two main areas (Fig. 1), the eastern area
east of Barcelona and the western area south of
Valencia, and in several localities in and near the
State of Miranda. The infected areas are between
200 m and 1300 m above sea level among hills,
sometimes known as the Cordillera de la Costa,
which form the relatively low north-eastern exten-
sion of the Andes and are interrupted at the Bar-
celona gap. In general, the vegetation consists of
grass or sparse woodland (often thinned by burning),
except for thick bush fringing some of the streams.
The area is one of the drier parts of South America;
most of it is near the 750 mm isohyet and the dry
season at Cumana and Caripito (Beebe, 1943;
Pannier, 1956) lasts from about January to April.

'Lamontellerie, M. & Le Berre, R. (1961) Observations
sur la biologie et la physiologie de Simulium damnosum . . . en
Flaute Volta: I. (unpublished document from the Centre
Muraz, Upper Volta).

I Le Berre, R. & Lamontellerie, M. (1961) Observations
sur la biologie et la physiologie de Simulium damnosum ... en
lIaute Volta: IL (unpublished document from the Centre
Muraz, Upper Volta).

3 Ibafiez de Aldecoa, R. & Convit, J. (1961) Algunos
aspectos clinicos y epidemiologicos de la oncocercosis en
Venezuela (unpublished paper presented on the occasion of
the 70th anniversary of the Hospital Vargas, Caracas.

' Pefalver, L. M. (1961) Estudio de unfoco de oncocercosis
en la regi6n central de Venezuela: Determinacicin del S.
metallicum y S. exiguum como transmisores de la enfermedad
en Venezuela (unpublished paper presented at the Secundo
Congreso Venezolano de la Salud Publica).

The Guanaguana and near-by parts of the eastern
area are described by Potenza et al. (1949) and
Gonzalez et al. (1950).
The watercourses may be roughly classed as

small or big streams, the latter usually with beds 5 m
or more wide. Many of the small streams, locally
known as quebradas (literally, ravines), flowed for
many kilometres among low hills, but many of the
high, steep watercourses (some among coffee planta-
tions) were dry owing to lack of rain and, in some
cases, to removal of water by means of small dams.
Most of the big streams contained little water at the
end of the dry season and those in the eastern area
were often strewn with dry boulders, but the bed of
the Rio Guarapiche was nearly covered with water.
The Venezuelan onchocerciasis area differs from

other infected parts of the world. Unlike most of the
habitat of S. neavei Roubaud in Africa and S. ochra-
ceum Walker in Guatemala and Mexico, it has little
or no thick forest and is not high. There may be
some resemblance between the epidemiology of
onchocerciasis in Venezuela and that in the S. damno-
sum area of Africa (Crosskey, 1959), but the former
has no big rivers. The disease may also exist in
Colombia and Ecuador (Dalmat, 1958) and in Brazil
and Surinam (Crosskey, 1961).

THE SPECIES OF SIMULIUM

Briceno Iragorry & Ortiz (1957) recorded 30 spe-
cies from Venezuela and assembled many previous
records. Crosskey (1961) reported S. haematopotum
Malloch as a pest on the basis of records from the
State of Apure by Fiasson (1943), and mentioned
S. metallicum as the probable vector of onchocercia-
sis. We encountered 12 forms, listed below, in the
oncherciasis areas (Lewis, in preparation). Seven
are designated by letters because the taxonomy of
Simuliidae in the northern part of South America is
not yet sufficient to permit sure identification. In
Africa it is usually very easy to distinguish the pupae
of a vector species from all or nearly all those found
near it. In Venezuela, however, a study of breeding-
places involves special attention to taxonomy be-
cause more than one species commonly bite man and
their pupae are rather like those of several others.
The " additional localities " mentioned in the fol-

lowing notes are places outside the San Antonio area.
In a small collection of 570 pupae from the western
and central onchocerciasis areas species A was pre-
sent (although not found elsewhere), species B was
absent, and species E was common. No simuliids



SIMULIIDAE AND HUMAN ONCHOCERCIASIS IN NORTHERN VENEZUELA 451

FIG. I
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were found at Guaica (near Valencia), Nirgua or

Tinaquilla during the rains.

Simulium exiguum Roubaud

For many years this species was believed to occur

in Mexico and Guatemala as well as in South
America, but Vargas & Diaz (1953; Dalmat, 1955,
p. 68) considered that the Central American form
was a different species which they named S. gonzalezi.
The two forms are closely related (being distinguished
miainly by the structure of the female genitalia) and
the Venezuelan form is evidently very similar
biologically to S. gonzalezi. Studies on the Central
American form, therefore, are of interest in relation
to the Venezuelan one.
Examination of many specimens stored in the

headquarters of the Venezuelan Onchocerciasis
Campaign indicate that the great majority of those
previously captured were S. metallicum, and Penialver
(op. cit.) encountered 97.8% of this species in
captures, mainly in the eastern region, and only
1.3% of S. exiguum. In the present study the
findings were very different, very large numbers of
S. exiguum being collected (and many were taken by
the field assistant at Altagracia). Additional locality:
Aricagua.

Simulium A

Localities: Altagracia de Orituco (Quebrada
Caramacare) and Tucuyito (Rio Aguacatal).

Simulium B
The adults are apparently indistinguishable from

those of A and C.

Simulium C and Simulium D
Both these were uncommon.

Simulium E
Additional localities: Altagracia (Quebrada Cara-

macare), Caucagua, Guatopo, El Maco (Rio Tucu-
ayucual), Quebrada los Riocitos (Bergantin) and
Tucuyito (Rio Aguacatal and Quebrada Marbellaco).

Simulium F
This species was found once only.

Simulium mexicanum Bellardi
Additional locality: Tucuyito (Rio Aguacatal).

Simulium paynei Vargas
Additional localities: Altagracia and Tucuyito

(Rio Aguacatal).
Simulium pulverulentum Knab

Additional localities: Aricagua (Rio Agua Blanca),
El Maco, Rio Querecual and Tucuyito (Quebrada
Marbellaco).

Simulium metallicum Bellardi
Towards the end of the survey we encountered.

far from our catching-places, Simulium G, the

TABLE 1
NUMBERS OF SIMILIUM PUPAE COLLECTED, AND PERCENTAGES OF TOTAL FOUND, IN VARIOUS TYPES

OF WATERCOURSE IN THE SAN-ANTONIO/SANTA-MARIA AREA

No. of Percentage of each Simulium species found in watercourses shown
Watercourse pupae ex-1mx-pulve-meaWatercourseo|lected-| exi- B c

X 4tD E
|

F umnum paynei ru/en-
| al G

lected guurnaumfm iu

Small streams in San-
Antonio/Guanaguana
area 5 152 6.06 75.52 0.99 1.49 7.55 0.04 1.01 0.16 - 7.07 0.12

Rio Guarapiche 1 209 89.50 6.79 - - 0.33 - 2.81 - 0.58 - -

Rios Chiquito, Cocollar,
Colorado and Guatatal 496 17.34 21.77 - - 49.19 - 0.61 - 11.09 - -

Two small streams near
Santa Maria 720 2.64 75.42 1.11 0.97 8.47 - 0.28 - 6.67 4.44 -

Rio Santa Maria 238 11.35 75.21 - - 4.62 - - - 8.41 0.42 -

Total numbers 7815 1526 4803 59 84 709 2 91 8 130 397 6
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TABLE 2
OCCASIONS (%) ON WHICH SIMULIUM PUPAE OF EACH SPECIES WERE FOUND IN VARIOUS TYPES

OF WATERCOURSE IN THE SAN-ANTONIO/SANTA-MARIA AREA

No. of Percentage of occasions on which each Simulium species was found
places 1- 1 T 1

Watercourse in- exi pulve- metail- G
spect- -uu B c D E Fcanuum taneurn cumrn_l_ l_ __

Small streams in
San-Antonio/
Guanaguana area 47 13 85 13 9 45 2 11 2 - 51 4

Rio Guarapiche 13 92 54 - - 23 - 8 - 31 -

Rios Chiquito,
Cocollar, Colorado
and Guatatal 9 56 56 - 67 _ 11 - 67 -

Two small streams near
Santa Maria 8 13 100 88 25 60 - 25 225 38

Rio Santa Maria 8 13 100o - 60 - - - 25 13

female of which is very similar to that of S. metalli-
cum. Simulium G, however, seems to be uncommon
and localized and it is not known if it bites man. It
is pcssible, however, that some of the females taken
on man and identified as S. metallicum may be
Simulium G, and the latter deserves further attention
in any future survey. Additional localities: Altamira,
Quebrada Marbellaco and Tucuayucual.

Simulium G
This uncommon species has been mentioned

above in the section on S. metallicum.

BIOLOGY OF THE SIMULIIDAE

Breeding-places
Pupae were collected in many small streams and

six big ones (Tables 1 and 2), usually on dead leaves,
including those of sugar-cane. Fig. 2-4 illustrate
approximately the pupal localities in the Guarapiche
and some of its tributaries, and the type of distribu-
tion revealed was also noticed to some extent in a
few collections from neighbouring areas.

It will be seen that pupae of S. exiguum were
relatively numerous in the Guarapiche (where
simuliid pupae were abundant) and commoner in
the other big streams than in the small ones, and it is
interesting to note the prevalence of S. gonzalezi in
big streams in Guatemala (Dalmat, 1955). Pupae of
S. exiguum were once found on a water-hyacinth.
Pupae of Simulium B were common in every type

of stream and outnumbered those of all other

species combined. Pupae of species C were localized
in a group of relatively high streams, and those of
species D were rarely found. Pupae of Simulium E
were widely distributed except in the lower part of
the Guarapiche. Pupae of species F were found in
one locality only, and the robust pupae of S. mexi-
canum-with a strong protective cocoon-occurred
in a few of the higher places. Pupae of S. paynei
were seldom seen. Those at Altagracia were
clustered together, some on top of the others and
covering their cocoons except for the crowns and
gills, which protruded from the general mass.
Simulium larval skins are seldom found with the
pupae but in this species they are often retained in
the crown. Pupae of S. pulverulentum, which some-
what resemble those of S. mexicanum, occurred in
the larger streams and were sometimes found on
stones.
At first it was difficult to find pupae of S. metalli-

cum because their distribution is discontinuous, like
that of S. exigens Dyar and Shannon (Peterson,
1959), S. reptans Linnaeus and some other aquatic
insects.' All S. metallicum pupae collected in the
San Antonio area were found in small streams with
the exception of one individual in the Rio Santa
Maria at its junction with a very small stream, the
Rio Macho, in which this pupa may have origin-
ated. The absence of this species from a collection of

I Hynes, H. B. N., Williams, T. R. & Kershaw, W. E.
(1961) The animal community of a river containing Simulium
(unpublished WHO document AFR/Onchocerciasis (1961)/
A-3).
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FIG. 2
PUPAL SITES OF SIMULIUM EXIGUUM AND SIMULIUM B IN SAN ANTONIO AREA

FIG. 3
PUPAL SITES OF VARIOUS SIMULIUM SPECIES IN SAN ANTONIO AREA
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FIG. 4
PUPAL SITES OF SIMULIUM METALLICUM AND SIMULIUM G IN SAN ANTONIO AREA

1705 pupae from big streams in the San Antonio area
is very striking. S. metallicum was not numerous
even in collections from small streams and was
sometimes detected only after many pupae had been
examined, as, for example, when only one S. metalli-
cum pupa was seen in a collection of 138. S. exiguum
and S. metallicum were seldom found together. The
relatively few S. metallicum pupae found outside the
San Antonio area in the rainy season included some
from streams several metres wide, indicating that
the subject requires further study.

Pupae of species G were rarely seen.

Emergence
When pupae of S. exiguum were kept in damp

tubes a large proportion of the adults emerged
about 8 a.m.

Some internal structures of the females
Various structures of simuliids are useful for

estimating the physiological stage of the flies, which
is important for interpreting observations on infec-
tion rates and other phenomena.
The crop contains less solid material than is seen

in S. damnosum in parts of Africa, but various

particles are seen from time to time, including
crystals (Fig. 5, A).
The Malpighian tubes of S. exiguum (Fig. 5, B)

and S. metallicum are moniliform, unlike those of
the African S. damnosum and S. woodi de Meillon.
The tubes in S. metallicum lack the colouring noted
in British Honduras by Lewis & Garnham (1959).
The central fat-body, which is useful for recogniz-

ing nulliparous S. damnosum, is small in caught
nulliparous S. exiguum and S. metallicum, although
an easily recognizable amount has been seen in some
bred S. metallicum. There is little obvious difference
in the size of this tissue in caught nulliparous and
parous flies, and the ovarian follicular relics are
sometimes difficult to see in S. metallicum. It is often
useful, therefore, to examine the mid-gut (for peri-
trophic membrane or old blood), haltere knobs,
loose abdominal granules, any relict eggs, and other
structures in order to ascertain whether an individual
of this species is parous.
The large cells in the haltere knobs of nulliparous

S. exiguum are usually translucent and those in
parous flies semi-opaque, as in the case of S. damno-
sum (Fig. 5, C, D), but in some of the females with
mermithid parasites the cells are semi-opaque
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FIG. 5
SOME STRUCTURAL FEATURES OF SIMULIUM EXIGUUM AND SIMULIUM METALLICUM

A.8 .

H

Features of S. exlguum:
A - Crystals from crop.
B - Malpighlan tube of nulliparous fly.
C = Haltere of nuiliparous fly.
D = Haltere of parous fly.
E = OvrlIole of newly emerged fly.
F - Ovariole of parous fly.
G - Ovarlole (sheath lost) with abnormal relic, from ovary with protozoan parasites.
H - Ovarlole of fly parasitized by mermithid worm.

Features of S. metalllcum:
I - Haltere of nulliparous fly.
J- Haltere of parous fly.
K - Ovarlole of newly emerged fly,
L - Ovariole (sheath lost) of parous fly.
M - Ovariole of captured nulllparous fly.

although parasitism has prevented the flies from
becoming parous. In nulliparous and parous S.
metallicum the cells tend to be semi-opaque and
opaque respectively.

In S. exiguum and S. metallicum caught on man
the ovaries are nearly always ready to start a gono-
trophic cycle. Very occasionally, in S. metallicum
in which the mid-gut is devoid of blood a little yolk
is seen.

Usually the follicular relics of captured S. exiguum
are large and those of S. metallicum small (Fig. 5,
F, L), as in the case of S. woodi and S. damnosum
respectively. Brown abnormal follicular relics
(degenerate oocytes; Fig. 5, G) are sometimes seen

in degenerated ovaries of S. exiguum parasitized by
protozoa.

Relict eggs were not common enough to be of
much use in recognizing parous flies except at
Altamira (Table 3). A few S. metallicum contained
very large oocytes which looked like relicts but had
not been ovulated. The ovaries of a few-probably
old S. exiguum with pale Malpighian tubes were
found to have degenerated.

Seasonal changes
Potenza and others (1949) reported that simuliids

were said to be most numerous in the rains-in
August and September-and that near Cachimba on
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TABLE 3
RELICT EGGS IN DISSECTED SIMULIUM

No. of F
Species Area pru

Species Area dissected Relicts

S. exiguum Eastern 460 6.7

S. metallicum Eastern 202 8.9

S. metallicum Altamira j 43 34.9 21

the Guarapiche a yellow species was more noticeable
than S. metallicum at this time, but these reports may
have been due to dispersal of the adults during the
rains.
The volume and number of streams increase in

the rainy season, and simuliids breed in some streams
which were previously dry. Much debris is swept
away, however, and with it many simuliid larvae and
pupae. Examination of a small stream near Ocumare
del Tuy after very heavy rain yielded many larvae
but no pupae, and it is likely that in the rainy season
many simuliids, of some species at least, are des-
troyed in the pupal stage. Ibanfez & Convit (op. cit.)
recorded catches of biting simuliids between January
1960 and May 1961, and found an average diminu-
tion in the rains to a figure equivalent to a third and
a quarter, respectively, of the two dry-season
maxima. This may be partly due to a wider dis-
persal of adults of the common man-biters in the
rains, but there is probably a considerable over-all
reduction in numbers of simuliid pupae and adults
at this time.

Seasonal fluctuations of simuliids in different parts
of the world can be due to various local causes, and
the drop shown by Ibainez & Convit in May 1961
occurred in prolonged dry weather and was doubt-
less due to the disappearance of many streams.

Haunts of the adults

S. metallicum was the predominant species among
flies caught on man near small and most large
streams (Table 4) and S. exiguum predominated on
the Rio Guarapiche. S. metallicum had probably
spread from its breeding-places to various wooded
situations on large streams but few seemed to reach
the Guarapiche, whose banks are largely devoid of
trees. Conversely, few S. exiguum had spread to a
neighbouring small stream.

'ercentage with:

Relicts numbering:
2 3 >3

5.9 0.4 0.2 0.2

7.4 1.0

D.9 9.3

- 0.5

- 4.7

Numbers
of

relicts
>3

4

14

4, 41

During the dry period when this work was done
adult simuliids were captured only near vegetation
along streams. They could be abundant, however,
and the routine captures by field assistants sometimes
exceeded 400 per hour. Simuliids are said to appear
near houses in the rainy season, and experience in
Africa would suggest that the flies move far afield at
that time. If so, it is likely that people become
infected near streams in the dry season and else-
where as well during the rains. Potenza and others
(1949) pointed out that some people go to the
streams to wash, but Ib'aniez & Convit (op. cit.) do
not consider that this custom can affect the incidence
of onchocerciasis. The village of Betecual has a
relatively high incidence of onchocerciasis, although
the local watercourses are usually dry, and it
remains to be seen if S. exiguum reaches it from the
Rio Guatatal or S. metallicum from some distant
stream.

Blood-sucking habits

The biting species. The two species S. exiguum and
S. metallicum bite man in large numbers where they
are common, attack donkeys, and have been found
on a turkey. Simulium B apparently bites donkeys.

TABLE 4
PERCENTAGES OF EACH SPECIES OF SIMULIUM TAKEN
ON HUMAN BAIT NEAR SMALL AND BIG STREAMS IN

THE SAN ANTONIO AREA

Area No. of S. exi- Simulium S. metal-Area Jfemales guum [ E licum

Small streams

Rio Guarapiche

Other big streams

660

1 060

168

3.94

96.23

9.52

0 96.06

0.29 3.49

0 90.48
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TABLE 5
SIMULIUM CATCHES ON MAN AND ANIMALS

Simulium species

exiguum gonzalezi sp. B sp. E turlen metallicum quadrir 3 spp.

San Antonio de Maturin, Venezuela

3

5

5

2

4

4

150

35

153

34

173

1

Augustine, British Honduras

134

32

2 3

Adults caught on this animal could have been Simu-
lium C, but this species is rare and was not found
breeding in the vicinity. The absence of species B from
catches on man despite the abundance of its pupae
suggests that it rarely, if ever, attacks man. Newly
emerged females have a small fat-body, so it is likely
that the species normally feeds on blood. Simulium
D was once found on man. The common Simulium E
was once found on man at Altamira but never in the
San Antonio area. S. pulverulentum bites donkeys
(Table 5), and simuliids taken on a donkey near

Cumanacoa, where this species is numerous, were

four S. exiguum and eight S. pulverulentum.
Host preference. Giaquinto (1937) pointed out

the role of principal vector played in Guatemala by
Simulium ochraceum and the importance of host
preference in relation to Onchocerca transmission
by American simuliids. He summarized the results
of captures he made of females of the three Simulium
species which had been shown to be suitable for the
development of 0. volvulus. Specimens were captured

when biting a series of different baits (one man, one

horse or mule, one cow, one dog) exposed simultane-
ously to selection, at different times of the day, in
different localities and in different seasons, during
the years 1933-35. He showed that 92% of S.
ochraceum preferred man to different animals, while
S. metallicum (then called S. avidum) and S. callidum
(then called S. mooseri) preferred animals to man

(only 13% and 3% respectively having been caught
biting man).

Table 6 shows the results of a few catches by two
collectors on different hosts situated 10 m apart
near San Antonio, and it appears that S. exiguum
bites both man and donkey in considerable numbers
but that S. metallicum has in Venezuela a distinct
preference for man. This is presumably the reason

why it greatly outnumbers S. exiguum in catches
near most streams (Table 4) although S. exiguum
was more numerous in pupal collections from most
areas (Tables 1 and 2). Table 5 also shows the
result of a catch on man and mule at Augustine in

Dali

Man

Donkey

Man

Donkey

Man

Donkey

Man

Donkey

Man

Turkey

113

100

67

96

18

12

3

30

7

I

Man

Mule 48
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TABLE 6
RESULTS OF EXAMINING FRESH SIMULIUM FLIES FOR ONCHOCERCA

Number dissected
Percentage of flies with 0. volvulus

or similar worms

Area

San-Antonio/
Guanaguana area

San-Antonio/
Guanaguana area

Altamira

Species

S. exiguum

S. metallicum

S. metallicum

Nulli-
parous

125

231

61

IAll flies
1

Parous Total

460

202

39

585

433

100

Sausage
stage

0.2

2.5

Vermi-
form

1.6

2

Total

0.2

3.9

2

Parous flies

Sausage Vermi-
stage form

0.2

5.5 3.0

5

British Honduras on 17 July 1961. Here, as in the
adjacent country, Guatemala (Dalmat, 1955), S.
metallicum evidently behaves differently and prefers
animals. It should be remembered, however, that
prolonged studies are probably necessary for
thoroughly satisfactory information on feeding
preferences, and that individual attraction and other
factors doubtless play some part in deciding results.

Site of bites. The species S. exiguum bites freely
high and low on man but S. metallicum has a

distinct preference for the legs (particularly the feet
and ankles), as shown by the following particulars of
three captures on a man bare above the waist and
below the knees:

Above the waist .

Below the knees . .

is higher at a certain time of day and the observed
Onchocerca infection rate depends on the time at
which flies are caught. Twelve-hour catches of
S. exiguum and S. metallicum were made to find out
whether they behaved in this way in Venezuela, and
there was some indication that the proportion of
parous S. exiguum tends to increase after 16.00 hours.
A full investigation of this subject would take a long
time but the following figures for S. exiguum from
various collections on the Rio Guarapiche between
24 April and 25 May 1961 may be of some signi-
ficance:

S. exiguum S. metallicum No. of flies .
Percentage parous

42
3
2

25
18

3
5

150
148

Time of biting. The results of three 12-hour
catches (Fig. 6) show that the biting cycle varies
considerably.

S. metallicum showed no evidence of a midday lull
in activity and bit readily after the time at which
catches are usually made. The biting cycle probably
varies according to weather conditions, but the
present routine system of catching in each place at
the same time of day and catching in many places
should give results useful for noting changes in
numbers.

In some parts of the world the percentage of
parous females in catches of man-biting simuliids

Hours
07.00-09.00 06.00-16.00

234 79

92 98

16.00-18.00
256
67

The times taken by eight flies to feed (settling to
flying away) were as follows: for S. exiguum,
1 min. 56 sec; 2 min. 50 sec.; 3 min. 36 sec; 5 min.
21 sec.; for S. metallicum, 5 min. 20 sec; 1 min.
46 sec.; 2 min. 27 sec.; I min. 51 sec. S. metallicum,
unlike S. exiguum, attacks in a very hesitant manner
and is easily disturbed for some time after it has
settled.

Parous and nulliparous females

The percentage of parous females among captured
flies (see Table 6 above) was much higher (79%Y.) in
S. exiguum than in S. metallicum (46%Y.), although
nearly all the former were taken on the banks of the
steadily flowing Rio Guarapiche, which contained
large numbers of pupae of this species, the weather
was very dry, and there was no dense vegetation to
shelter the adults. The figure for parous S. exiguum

Tota
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8.4
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FIG. 6
BITING RATES OF SIMULIUM EXIGUUM AND SIMULIUM METALLICUM
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would be even higher if we excluded a considerable
number of the nulliparous flies (25% infected with
mermithids and others with protozoa) whose
ovarian development had been prevented by para-
sites.
There are several possible reasons for the " deficit

of nullipars "-to use a term employed by Detinova
(1953) for mosquitos and discussed by Davies (1961).
The high proportion of parous flies may indicate a
predominantly old population, but, in the circum-
stances, this would imply truly remarkable powers of
longevity in this small delicate fly, and there was no
indication of this among females kept in tubes before
dissection. It is conceivable that relatively few
nulliparous S. exiguum bite man. Perhaps a large
number of nulliparous flies are autogenous, but a
few reared females fed on sugar showed no develop-
ment of oocytes. Another possibility is that S. exi-
guum behaves like Prosimulium mixtum Symes and
Davies in Canada. Davies (1961) found that, on the
whole, parous individuals outnumbered nullipars
at places near streams whereas the numbers were
equal a mile from a suitable breeding-place. This
suggested that parous flies remained near the streams
while nullipars dispersed vigorously, the deficit of
nullipars being possibly due to age-dependent
behaviour.

PREDATORS AND PARASITES OTHER THAN ONCHOCERCA

One predator was seen, a small female spider
(Tacuna sp., of the family Salticidae) which seized a
female S. metallicum from a man's foot.

In a breeding-place of Simulium E at Guanaguana
we found many larvae somewhat resembling an em-
pidid Simulium-predator described by Vaillant (1953)
but we did not observe their breeding habits.

Occasionally a fungus was seen in the crop of
S. exiguum, and protozoa (Fig. 7, A, 0) in the ovaries
of nulliparous S. exiguum and S. metallicum. The
ovaries had often degenerated, and sometimes
oocytes had partly developed.

Microsporidia were seen in some larvae, probably
of S. exiguum, in the Rio Guarapiche.

Lewis & Wright (1962) reported the finding of
encysted metacercariae of a digenetic trematode in
the heads of recently emerged S. exiguum, described
the general appearance of the parasite, discussed its
probable life-history, and considered that it probably
prevented the insect host from biting man. At least
35 % of reared flies were infected, nearly always in
the head.
The pupae were obtained in the Rio Guarapiche

near its junction with the Colorado. Out of 66 of the
adults which were crushed in saline, 32 were females
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FIG. 7

SOME PARASITES OF SIMULIUM EXIGUUM AND SIMULIUM METALLICUM

QED 0~~~~~~~~~~
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Parasites of S. eziguum:
A - Parasites from ovary In which some follicles had degenerated.
B, C - Sections of heads.
D-6 - Trematodes In heads of dissected newly emerged flies.
H - Trematode In abdomen of dissected newly emerged fly.
I-K - Tromatodes in heads of flies kept for one, two and three hours after emergence and dissected.
L-N - Mermithid worms In a newly emerged fly and two captured flies.

b - Brain.
f - Fore-femur.
Hi- Hyaline layer.
s - Anterlor sucker.
- Trematode.

Parasites of S metallcum:
0 Protozoa In ovary.
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and 10 of these contained cysts in the head; six flies
contained one and four contained two. Of the 34
males, 10 had cysts, nine with one and one with two.
The position of the parasites in the head was variable.
In some cases the stylet, used by the parasite to enter
its host, was found discarded but enclosed in the
cyst. In Fig. 7, B and C show the parasite in sections,
and D-K show its appearance in crushed flies.
Parasites shown without a cyst wall may have been
squeezed out of it; some of these, and normal
parasites, were motile.
The rarity of cysts in the body of S. exiguum sug-

gests that the host becomes infected in the pupal
stage when most of the body is protected by the
cocoon. Rothschild (1962) has pointed out that some
parasites restrict the movements of their hosts so
that a sample of the latter may not be a random one
and can give a false picture of a very high infection
rate. We think the collections of S. exiguum pupae
were random samples, however, because the host is
apparently infected in the pupal stage, which is
stationary.
Absence of the parasites from flies caught on

human bait suggests that they either kill the host or
prevent it from biting, possibly by pressing on its
brain. The latter is often deeply indented (Fig. 7, C)
because the hyaline layer makes the cyst big enough
to occupy a considerable proportion of the head.

Further study of the trematode and its normal
hosts-probably a snail, one or more simuliids or
other insects, and a vertebrate-would probably
show how important it is and whether its influence
could be increased.

Mermithid nematode worms (Fig. 7, L-N), usually
one and occasionally two, were seen in the abdomen
of some S. exiguum. Of the 66 above-mentioned
reared flies 10% contained mermithids, and 3%
(three females and four males) of 585 caught flies
were infected. The ovaries were very small in all the
parasitized females, and a relatively high proportion
of them contained fresh blood, suggesting that
parasitism caused them to bite more readily than
healthy flies. The absence of mermithids in S. metal-
licum may be due to its different larval habitat.
The few mites found on simuliids included a larva

of Erythraeus sp. on S. exiguum at Santa Maria.

SlMULIDAE IN RELATION TO ONCHOCERCIASIS

During the present survey the only man-biting
species common enough to be regarded as possible
vectors were S. exiguum and S. metallicum, and
before considering their significance in Venezuela we

may refer to S. gonzalezi and S. metallicum in
Guatemala. The former is the dominant man-biter
in the lower part (below about 760 m) of the Yepo-
capa onchocerciasis zone, where it is regarded as a
potential vector of 0. volvulus although most of its
natural infections are probably of bovine origin
(Gibson & Dalmat, 1952). In Mexico, where it
attacks man (preferring the lower part of the body)
and horses, it has been found infected with the
sausage stage of a nematode (Vargas & Ruiz, 1949;
Biagi et al., 1958). S. metallicum is common in Gua-
temala, where it has been found infected with
Onchocerca, but Dalmat (1955) found that it pre-
ferred animals to man in that country and therefore
considered that it was probably not a major vector
there.

In Venezuela Penialver (op. cit.) examined pre-
served flies, mainly by means of sections, and re-
ported an average infection rate of 8% (12% in one
area) in Simuliidae, chiefly S. metallicum; but it
appears that some of the worms mentioned may have
been recently ingested microfilariae. He regarded
S. metallicum as an important vector, and S. exiguum
(a few of which were infected) as a vector of less
potential and suggested that its small size might allow
fewer worms to develop.

Role of S. exiguum
Table 6 shows the results of dissecting 1118 fresh,

recently-caught females during the present work
(and 100 S. metallicum from Altamira), and it is
seen that in the eastern area the general filarial-
nematode infection rate in S. metallicum was 20 times
greater than in S. exiguum, and, in the case of parous
flies, 42 times greater. Furthermore, no vermiform
Onchocerca were seen in the 585 S. exiguum dis-
sected.
The low infection rate in S. exiguum is particularly

striking. In the eastern region the S. metallicum were
from various places in the San Antonio-Guanaguana
area but nearly all the S. exiguum came from three
places on the Rio Guarapiche-Cerro Negro, El
Rincon and the junction of the Guarapiche and
Colorado streams-near infected hamlets and much
frequented by people.
The results of examining dissected flies suggest

that S. exiguum might conceivably transmit the
disease to some extent in certain places near large
streams where it is numerous, in the same way as
may certain abundant mosquitos whose host of
predilection is an animal (WHO Division of Malaria
Eradication & Lister Institute, 1960).
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The following are some circumstances which pro-
bably influence the life of this species and its role as a
vector. The abundance of S. exiguum near the Guara-
piche, in the vicinity of villages and sugar plantations,
doubtless brings it into contact with many people.
The trematode parasite apparently prevents infected
flies from biting man, and mermithids probably kill
some of the flies which take up microfilariae. The
fact that large numbers of S. exiguum bite donkeys
must reduce the number which take up 0. volvulus,
and the very small size of the fly may be a disad-
vantage to the parasite. The deficit of nullipars
among biting S. exigaium is probably a significant
factor in limiting the importance of this species, at
least in some circumstances. Parous flies, being
relatively old and having little fat-body, are unlikely
to live long, and there is some indication that parous
ffies of another species (S. damnosum) are less likely
to become infected (Lebied, 1961).

Role of S. metallicum

The results of dissections (Table 6), discussed
above, indicate that this species is the main, or
perhaps the only, vector of onchocerciasis. Its
abundance in most catches and its preference for
man rather than donkeys show why it is an impor-
tant vector. Its hesitant manner often causes it to
stop probing and to re-alight on several parts of the
host-and possibly other hosts-and may increase
its tendency to take up and distribute 0. volvulus.

In general the incidence of human onchocerciasis
and the intensity of infection are low, so that S.
metallicum may not appear to be a very effective
vector. Possibly, however, it is a potentially efficient
vector in Venezuela but local circumstances generally
limit the number of adults which make repeated
attacks on man. The breeding-area is strictly limited
because it consists only of parts of small streams,
which are few in the dry climate and are reduced in
number and volume in the dry season, which is pro-
bably the main breeding period. This limited
breeding-area probably does not produce a large

number of flies, and the large catches-in carefully
selected places-may indicate a concentration, rather
than a large number, of adult simulilds. Further-
more, the probable breeding-season'is a time of dry
weather when few flies seem likely to bite people
other than those who visit or live near certain shady
streams. It cannot be assumed that the main breed-
ing-season of S. metallicum is the main season of
transmission.

Onchocercal infection
The Onchocerca infection rate in Central American

Simuliidae tends to be much lower than in the
African S. damnosum and the same is true of the
present findings in Venezuela. A possible explana-
tion may be that many of the Afric4n parasites are
not 0. volvulus, but more observations are required
in Venezuela at different seasons.
Some flies were fed on infected people-in order to

find out whether one species of 'Simidium is more
easily infected than the other, but this w6rk was
discontinued because the low incidence and intensity
of human onchocerciasis made it impossible to find
suitable human subjects in the time available.

CONTROL

Simulium control is outside tlhe scope of this
paper but it is appropriate to consider briefly a
practical aspect of our findings on' this subject.
Anti-larval measures have been begn by the Oncho-
cerciasis Campaign Organization. 'DDT, in' a 25%
emulsion, was used at the rate of about 1 part of
DDT per million parts of water, but difficulties
arose because fish were affected, The infection- rate
of S. metallicum indicates that its breeding-places
should receive first attention, 'hd our survey shows
that these are mainly in -small streams.' If control
can be confined to them a cOnsiddrable economy
will result and the danger to 'fith m''ay' be reduced.
The question of treatment of lairg sams can be
finally decided only after further \stidy of S. exiguum
and S. metallicum.
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REm'ESUMt

Une enquete effectuee dans la r6gion de San Antonio
de Maturin (Venezuela) a permis de relever a la saison
seche la presence de 12 varietes de simulies parmi les-
quelles predominait Simulium exiguum dont la relation
avec l'onchocercose n'est pas 6tablie avec certitude. A
l'inverse de S. metallicum qui a ses gites larvaires presque
exclusivement en certains points des cours d'eau de faible
importance, S. exiguum se reproduit surtout dans les
rivieres a grand d6bit. Chez l'une et I'autre de ces especes,
il n'est pas possible de distinguer en fonction du volume
de leur organisme les individus femelles nullipares et
pares. I1 est alors necessaire de recourir a l'examen des
ovaires. A la saison des pluies, les eaux courantes empor-
tent les pupes et les populations de S. metallicum dimi-
nuent.
Dans l'ensemble, les S. exiguum adultes ont et6 en

majeure partie captures pres des grandes rivieres, alors
que les S. metallicum adultes ont ete surtout rencontres
au voisinage de petits cours d'eau. Outre ces deux espices,
deux autres ont 6t6 capturees sur l'homme. A la diff6rence
des autres esp6ces qui piquent indistinctement l'homme

et I'Ane, S. metallicum prend ses repas sanguins presque
exclusivement sur l'homme. Au cours des collectes de
S. exiguum, il est apparu que la proportion des mouches
pares augmentait nettement apres 16 heures.

Contrairement a ce qui a et observ6 chez les individus
captures, de nombreux S. exiguum ont reve16 a 1'elevage
la presence dans leur organisme de m6tacercaires enkystes
d'un trematode digenetique. Le parasite se fixe souvent
dans l'encephale de l'insecte qui finit par etre d6truit ou
cesse de piquer l'homme. Parmi ces memes simulides on
trouve egalement des porteurs de mermithides.
La dissection des simulid6s a montre que le taux d'in-

festation par nematodes filarid6s etait en g6n6ral 20 fois
plus 6leve chez S. metallicum que chez S. exiguum; il est
meme 42 fois plus eleve chez les insectes femelles pares.
I1 est a penser que S. exiguum serait susceptible de trans-
mettre l'onchocercose en certains lieux situ6s au voisinage
des grands fleuves oiu ces populations sont nombreuses;
neanmoins, S. metallicum demeure le vecteur principal,
sinon unique.
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