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A synopsis of the nematodes occurring in blackflies
(Diptera: Simuliidae)
GEORGE 0. POINAR, JR1

Larvae, pupae, and adult blackflies (Simuliidae) are capable of harbouring several
groups of nematodes. Multiple parasitism involving nematodes of the same or different
species, or various developmental stages of the same nematode may also occur. Thus,
blackflies can serve as paratenic, intermediate, or definitive hosts ofnematodes. The present
study reviews the literature pertaining to the association between nematodes and Simuliidae
andprovides a key to various groups ofnematodesfound in blackflies. Emphasis isplaced on
the commoner filarial and mermithid nematodes, but several other unusual and rare
roundworm parasites are also discussed.

Most nematodes associated with blackflies may be
divided into two biologically different groups, those
which use simuliids as intermediate hosts, continuing
their development in a definitive vertebrate host, and
those which parasitize only blackflies, and spend
their remaining time free-living in the environment.
Several other nematodes have unusual and rare
associations with simuliids.

In the first group, comprising filarial nematodes,
Onchocerca volvulus, the causal agent of river blind-
ness in Africa and Robles's disease in the Americas,
is certainly the most notorious. Nematodes of the
second group comprise the mermithids, which are
currently under study because they offer most prom-
ise as biological control agents of blackflies. There is
hope that an integrated control programme might be
utilized against simuliids, involving a parasite or
predator, together with a selective insecticide.
When working with blackflies in the field, it is

often necessary to identify parasites found in larval
and adult insects. Because blackflies can harbour
simultaneously more than one species of nematode,
it may be confusing to determine for which species
the blackfly is the definitive, intermediate, or para-
tenic host. Also, the same nematode species may
occur in different developmental stages and in differ-
ent locations in the blackfly host. For example,
microfilariae of 0. volvulus can be found in the
lumen of the intestine and malpighian tubules, the
" sausage " stage in the thoracic muscles, and the
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infective stages in the head. Mermithid nematode
parasites of adult blackflies may occur in the head,
thorax, and abdomen in various stages of develop-
ment.

This communication reviews the literature pertain-
ing to nematodes from Simuliidae and discusses their
association. Stress is placed on their identification,
and a key is included to separate the known groups
of nematodes found in blackflies.

GROUPS OF NEMATODES FOUND
IN BLACKFLIES

Filarial nematodes
Table 1 lists the filarial nematodes known to be

transmitted by blackflies. In addition to those that
have been identified, there are reports of finding
infective stage filarial nematodes in blackflies with-
out knowing the definitive host and thus the adult
stages. Nelson & Pester (22) described type A and
type C infective stage filarial nematodes, in addition
to 0. volvulus, from Simulium neavei in Kenya. In
1967, Duke (9) described infective stage filarial
nematodes belonging to types D, E, and F from the
head and proboscis of S. damnosum in Cameroon.
This was followed by the description of four more
unidentified filarial infective stages (Types I, II, III,
and IV) from S. damnosum in Liberia (12). These
studies indicate the difficulties involved in defining
the role of S. damnosum and other blackflies as
intermediate hosts of filarial nematodes. Difficulties
involving the identification and separation of filarial
nematodes in their blackfly intermediate hosts have
been discussed previously (22, 21).
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Table 1. Filarial nematodes in simuliids

Nematode Host simuliid Geographical Reference
Region a

Mansonella ozzardi (Mans.) Simulium amazonicum Goeldi T.A. 4

Onchocerca cervipedis (W. & D.) Prosimulium imposter Peter. N.A. 35

Onchocerca cervicolis R. & H. Simulium sp. T.A. 5

Onchocerca flexuosa (Wedl.) Simulium ornatum Mg Europe 11

Onchocerca gutturosa (Neumann) Simulium erithrocephalum DeG. Europe 34
Simulium galeratum Edw. Europe 18
Simulium ornatum Mg. Europe 34
Simulium securicatum Mg. Europe 18
Simulium tuberosum (Lund.) Europe 18

Onchocerca lienalis (Stiles) Simulium galeratum Edw. Europe 18

Onchocerca tarsicola B. & S. Odagmia ornata Mg. Europe 32
Prosimulium nigripes Ender. Europe 32

Onchocerca volvulus (Leuck.) Simulium callidum (D. & S.) T.A. 5
Simulium damnosum Theo. Africa 3
Simulium metallicum Bell T.A. 5
Simulium neavei Roub. Africa 22
Simulium ochraceum Walk. T.A. 5
Simulium woodiide Meillon Africa 28

Ornithofilaria fallisensis Anderson Simulium croxtoni N. & M. N.A. 1
Simulium euryadminiculum Davies N.A. 1
Simulium latipes (Mg) N.A. 1
Simulium rugglesi N. & M. N.A. 1

a N.A. = North America
T.A. = Tropical America

Mermithid nematodes
In his host list, Poinar (27) cites 63 species of

blackfly throughout the world that are hosts to one
or more species of mermithid. Table 2 lists the
genera of mermithid known to parasitize blackflies.
Keys to the identification of these genera are avail-
able (27). Mermithid nematodes parasitize a range of
invertebrates and develop only in a single host. Most
hosts die soon after the nematodes leave, and herein
lies the importance of this group. Even in 1950,
Rubstov (29) felt that mermithids were capable of
eradicating blackflies from certain areas of streams
in the USSR. Phelps & De Foliart (25) came to the
same conclusion in North America.
Mermithid nematodes initiate infection in the

larval stage of the blackfly and are the only group of
parasitic nematodes commonly found in this host
stage. However, many, if not all species can be
carried over into the adult stage of the host, espe-
cially when infection occurs in the later host instars

(Fig. 1). It is even possible for the infective stage
mermithids to enter the pupal stage, thus resulting in
the presence of very young parasitic stages in adult
blackflies. Multiple parasitism, and the presence of
mermithid nematodes in several developmental
stages in the same host are common. All detailed
infection studies show that mermithid parasites of
blackflies enter their host by penetrating the cuticle.
Infective stage mermithids are sometimes found in
the gut lumen of the larval blackfly, but it is not
known whether they can enter the host through the
intestine.

Before growing in length, parasitic mermithids
increase in width (Fig. 5) and bear some resemblance
to the " sausage " stage of filarial nematodes (Fig. 2).
However, the structure of the mermithid pharynx
(stichosome containing 16 stichocytes), in addition
to a difference in size, clearly separates the two.
Mermithids can occur in the head, thorax, and
abdomen of their hosts, but are rarely associated
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Fig. 1. Mermithid nematode (Isomermis sp.) emerging from a female S. damnosum from the Ivory Coast (original).

Fig. 2. " Sausage" stage of Onchocerva volvulus removed from S. ochraceum from Guatemala (courtesy of
Dr W. Kozek).

Fig. 3. Infective third stage juvenile of Onchocerca volvulus removed from head of S. damnosum from the Ivory
Coast (original).

Fig. 4. Unidentified coiled nematode juvenile (possibly a member of the Kathlaniidae) removed from th emalpighian
tubules of a female S. damnosum from Guinea (submit,ted to author by Dr R. Garms). Arrow indicates anus. (Com-
posite photograph.)

Fig. 5. Typical coiled form of an early parasitic stage (3 days in host) of a mermithid nematode (Hydromermis sp.)
(original). S = stylet, Sm = stichosome, Sc = stichocyte, G = gonad primordium.

Fig. 6. Elongate juvenile nematode from the intestinal lumen of a female S. damnosum from Guinea (submitted to
the author by Dr R. Garms). Insert shows nematode head.
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NEMATODES IN BLACKFLIES

Table 2. Mermithid genera found in Simuliids

Genus Geographic region Reference

Limnomermis spp. Eurasia 31
North America 33

Hydromermis spp. Africa a
North America 24

Isomermis spp. Africa 19
Eurasia 30
North America 36

Gastromermis spp. Africa 20
Eurasia 31
North America 36

Mesomermis spp. Africa 30
= (Neomesomermis N ickle) Eurasia 30

North America 36

a Briggs, J. D. Unpublished document WHO/VBC/68.97, page 7.

with specific tissues (some species develop in the
ganglia [26]) and are never intracellular.
Most mermithids are fairly specific, being able to

enter and develop only in a specific genus, or
sometimes family, of hosts. A few are able to enter
insects outside of their normal host range. Thus, the
mosquito mermithid, Romanomermis culicivorax
Ross & Smith will also enter blackflies (10, 14) and
initiate development. Thus far, all infected blackflies
have died, so it is not known whether parasitic
development can be completed in this host. How-
ever, the fact that larvae of S. damnosum are killed
by this nematode is of more than academic interest
since field tests are being planned with this nematode
in West Africa.

Other nematodes
The fish parasite, Cystoopis acipenseris (Cystoopsi-

dae) develops in amphipod intermediate hosts. How-
ever, Chabaud in Grasse (13) mentions that simuliid
larvae may also serve as intermediate hosts. Just how
commonly this occurs is not known.

Other reports refer to nematodes from adult
S. damnosum. Bain & Philippon (2) described two
juvenile Ascaridida of the Kathlaniidae and Quim-
periinae from the intestinal tract and malpighian
tubules of adult female S. damnosum. These nema-
todes were apparently ingested by blackfly larvae in
the stream, and remained in the host during meta-
morphosis without further development. The kathla-
niidid juveniles ranged from 685-700 Htm in length,

and were rolled up in a spiral in the malpighian
tubules. Similar nematodes had been reported ear-
lier. Lewis (16) and Marr & Lewis (17) described a
nematode (from 700-900 ,um in length) rolled up in
the malpighian tubules of a female S. damnosum
from Ghana. Ovazza et al. (23) described a similar
nematode coiled in the malpighian tubules of a
female S. damnosum. Similar nematodes were re-
ceived for identification by the present author from
Dr Garms. They resemble the above nematodes
(length 500-650 ,tm) and are coiled in a resting
position in the lumen of the malpighian tubules of a
female S. damnosum collected in Guinea (Fig. 4).
Some nematodes reported from Simuliidae cannot

be identified as to group. Lewis (15) described a
" broad slowly moving worm" (see his Fig. 25m)
and long, active nematodes in the malpighian
tubules of S. damnosum. Later, he described a long
narrow rapidly coiling worm from the abdomen of a
female S. damnosum in the Sudan (15). Similar,
elongated, active nematodes were reported by De
Leon (6, 7) and De Leon & Duke (8) from the
malpighian tubules of adult Guatemalan blackflies.
The latter authors suggest that these nematodes are
capable of a free-living existence. Dr R. Garms sent
the author similar preserved nematodes from the gut
and malpighian tubules of female S. damnosum from
Guinea (Fig. 6). These nematodes varied from 1155
to 1450 um in length, and were extremely narrow
(9-10 ,um). They resemble the above mentioned
nematodes and may represent infective filarial
stages, although their location in the host is unusual
for filarial nematodes.
A key to the groups of nematodes found in

blackflies is presented below.

KEY TO GROUPS OF NEMATODES FOUND
IN BLACKFLIES

1. Nematodes found in lumen of intestine or mal-
pighian tubules of larvae, pupae and adult flies;
may be spirally coiled; stylet absent; intestine
and anus distinct-juvenile Ascaridida (Kathla-
niidae, Quimperiinae, and possibly other groups)
(Fig. 4).

1. Nematodes generally found free in body cavity or
associated with specific tissues (especially thora-
cic muscles) of larvae, pupae, and adult flies;
when found in lumen of intestine or malpighian
tubules, the nematodes contain stylet (infective
stage Mermithidae) or lack an intestine and anus
(microfilarial)-2.
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2. Nematodes occur in body cavity (thoracic mus-
cles, head, proboscis, rarely abdomen) or lumen
of intestine, and malpighian tubules of adult
blackflies; stylet and stichosome absent in all
stages, pharynx of active infective stages com-
posed of a muscular and glandular portion-fila-
rial nematodes. (Fig. 2 and 3).

2. Nematodes occur in body cavity (rarely intestinal
lumen) of larvae, pupae, and adult blackflies;
stylet present in early developmental stages and
stages that enter the insect; pharynx composed of
a stichosome-3.

3. Nematodes develop to coiled third stage in-
fective forms that develop further when blackfly
is ingested by a definitive host (fish); greatest
length in blackfly is less than 1.0 mm; tail
appendage absent-Cystoopsidae (Cystoopsis
acipenseri).

3. Nematodes develop to a mature juvenile reaching
5.0 mm or more in length; larger parasitic stages
usually with a tail appendage; leave host by
actively penetrating through intestine or body
wall; host dies soon after emergence-Mermithi-
dae (Fig. 1, 5).
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RQSUMt

NEMATODES RENCONTRES CHEZ LES SIMULIES (DIPTERA: SIMULIIDAE): ABREGE

Les simulies peuvent servir d'h6tes parateniques, inter-
mddiaires ou definitifs aux nematodes. Ce sont des h6tes
parateniques pour les Kathlaniidae et Quimperiinae, ou
autres groupes d'Ascaridida. Les stades juveniles de ces
deux groupes se rencontrent dans le tube digestif et les
tubes de Malpighi des larves et des adultes de Simulium
damnosum. Ils n'ont pas de stylet, possedent un anus
distinct et sont souvent enroules en position. Les nema-
todes filariens utilisent les simulies femelles comme h6tes
intermediaires et peuvent etre trouves dans diverses loca-
lisations. Les microfilaires existent dans la lumiere de
l'intestin et les tubes de Malpighi, les stades de d6veloppe-
ment dans les muscles thoraciques, et les stades infectants
dans la tete. Ces nematodes n'ont ni stylet ni sticho-
some, et le pharynx des stades infectants actifs est com-

pose d'une portion musculaire et glandulaire. Les nema-
todes Mermithides utilisent les simulies comme h6tes defi-
nitifs et se rencontrent dans le coelome des larves, des
pupes et des adultes. Les stades infectants des Mermithi-
des se voient rarement dans la lumiere intestinale. Ces
parasites a l'etat juvenile mature atteignent une longueur
de 5 mm ou plus et possedent d'ordinaire un appendice
caudal. Les stades infectants et les premiers stades evo-
lutifs possedent un stylet et un stichosome (pharynx
modifie). Ces nematodes tuent generalement leur hote
au moment de l'emergence et, de ce fait, on envisage
serieusement de les utiliser comme agents de lutte
biologique.

Divers autres nematodes ayant des associations inhabi-
tuelles et rares avec des Simulides sont egalement etudies.
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