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Mermithid Parasites of Blackflies*
H. E. WELCH 1

Mermithid nematodes parasitize invertebrates only. A general account is given of their
parasitism and the consequent mortality of blackflies. The author begins with a review of
records ofmermithid and blackfly associationfrom different parts of the worldand comments
on the global distribution of the parasite. He discusses the life-histories of the parasites,
stressing their adaptations to the moving environment of the aquatic stages of the blackfly
and to the aerial environment of the adult. It is noted that the parasite usually kills its
host upon emergence and has a restricted host range. Mermithids must be considered as
selective mortality factors against blackfly populations. A survey ofEuropean and North
American literature leads to conclusions concerning the role of the parasite in the natural
regulation of blackflies. The possibility of utilizing these nematodes as biological control
agents is discussed.

The increasing difficulties arising from the use of
chemicals in the control of insects of medical im-
portance have forced a re-examination of older tech-
niques and a search for new ones as alternative or
supplementary measures to current control pro-
grammes. Laird (1959) outlined one large but
virtually unexploited area of control techniques-
namely, biological control, the introduction and/or
encouragement of natural regulation agents, patho-
gens, parasites, and predators, for the control of
insect vectors of disease. This theme was examined
in detail at the Conference on Biological Control of
Insects of Medical Importance held in Washington,
D.C., in 1960. Among the various organisms that
were discussed, nematodes were judged to offer
promise. Weiser (1963) recently confirmed this in a
survey of the diseases of insects of medical import-
ance.

Most records of nematode parasites in insects of
medical importance mention worms of the family
Mermithidae that are parasitic in Simuliidae or
blackflies. Many of these records give high rates of
parasitism, and as a mermithid infection is generally
fatal, it seemed imperative to consider the potential
value of these parasitic worms for the control of
blackflies. Mermithids are a family of nematodes

* Incorporating material gathered while the author was
serving as a consultant to the World Health Organization
in August 1962.

1 Research Institute, Research Branch, Canada Depart-
ment of Agriculture, Belleville, Ontario.

that as immature animals parasitize invertebrates,
chiefly insects, but when mature, mate and oviposit as
free-living animals. One or more-and occasionally
many-worms may occur in a single host, but death
of the host usually occurs in any case when the worm
leaves the host to begin a free-living existence.
The world literature on this subject is reviewed

here as well as data gathered on behalf of the World
Health Organization during a tour of European
research institutes in 1962. Additional information
is given from the author's experience in Canada, from
correspondence with blackfly authorities, and from
collections that were made in Sweden and Austria by
the Commonwealth Institute of Biological Control,
at the request of the Research Institute, Belleville, of
the Canada Department of Agriculture.

SUMMARY OF RECORDS

At least 153 records of mermithid parasites of
simuliids exist in the world literature (see the table).
The earliest report is that of Diesing (1851), who
gave the name Mermis simuliaereptantis to the
mermithid that von Siebold found in Simulia reptans
(1848). Some authors have given Mermis crassa v.
Linstow, 1889, as another early record, but this is a
duplication as von Linstow recognized in 1898 that
M. simuliaereptantis was synonymous with his
Mermis crassa. The first detailed studies ofmermi-
thid parasites of blackflies were those of Strickland
(1911, 1913) in North America. Later Muller (1931)
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MERMITHID PARASITISM OF BLACKFLIES FROM WORLD LITERATURE

Host genus (and No. No. of mermithid records
of species per genus) Nearctic Neotropical Palaearctic Ethiopian Total

Cnephia (3) 6 _- 6

Eusimulium (5) 4 - 3 - 7

Gnus (3) - - 3 - 3

Gymnopais (2) 2 - - - 2

Odagmia (2) - - 2 - 2

Prosimulium (12) 25 - 5 30

Simulium (27) 61 2 13 3 79

Wilhelmia (4) - - 4 _ 4

Unidentified Simuliids 5 5 10 - 20

Total (58) 103 7 40 3 153

discussed the morphology and anatomy of mermi-
thids from blackflies of the Alps. Since then there
have been many reports, both general and detailed,
in most cases naming the host, but seldom iden-
tifying the mermithid beyond the generic level or the
loose generic assignment of " Mermis ".
The hosts of these nematodes mostly include spe-

cies of the commonest genera of blackflies: Simu-
lium, Prosimulium, Eusimulium, and Cnephia, as
shown in the table. The records are mainly from the
northern hemisphere, with 67% from the Nearctic
Region and 26% from the Palaearctic. While de-
ductions from tables of so few data may be mis-
leading, the few records from the tropical region
suggest that mermithid parasites may be sparse,
which is a striking fact, especially in view of the
concentrated study of these insects in this region,
particularly in Africa. However, the actual tropical
records from Sudan, Cameroon, Guatemala, Brazil,
Venezuela, and British Guiana, indicate that the
mermithids are widely distributed, though apparently
scarce.
While approximately three-quarters of the host

insects in these records were named, only five of the
mermithid parasites were identified. Two of these
five mermithids, Mermis simuliaereptantis, Diesing,
1851, and Mermis simuliae, Muller, 1931, are actually
nomina dubia. As most records were based on the
parasitic stage of the mermithids, they probably
were of the juveniles of species of five aquatic genera
of mermithids; namely, Limnomermis, Hydromermis,
Gastromermis, Isomnermis, and Mesomermis.

Three valid species were described by Welch
(1962), in conjunction with an ecological study by
Anderson & DeFoliart (1962). These species are of
three genera, two of which represented new generic
records for North America. One of the species,
Gastromermis viridis, Welch, 1962, is easily recog-
nized by the green colour of the adult worm, and is
known from three areas in Ontario, Canada, and
from Wisconsin, USA. The second species, Meso-
mermis flumenalis, Welch, 1962, was collected from
Ontario and Wisconsin. Isomermis wisconsinensis,
Welch, 1962, is known only from Wisconsin. Phelps
& DeFoliart (1963) recently described the mor-
phology and ecology of these species.
The immature parasitic stages of the mermithids

have few obvious taxonomic characteristics. Studies
of the adults and juveniles of these species revealed
that head structure and tail shape provide useful
clues for the generic assignment of immature forms.
With these criteria, species of Mesomermis were
recognized from blackflies from Nova Scotia,
Quebec, Utah, and California. Species of Gastro-
mermis are also known from localities in Alberta
and Utah. Dr I. A. Rubtzov (personal communica-
tion) considered details of the longitudinal cords
and of the number and disposition of giant cells
along the oesophagus as useful criteria for specific
identification of the juveniles.
That three new species belonging to three different

genera were discovered in one study suggests that
the mermithid fauna of blackflies needs investigation
and that it may be both rich and varied. Rubtzov
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(personal communication) found five species of
Hydromermis, 10 of Isomermis, six of Gastromermis
and a few other species of four additional genera,
which he plans to describe.

LIFE-CYCLE OF MERMITHIDS

The description by Phelps & DeFoliart (1963) of
the life-cycle of G. viridis and L wisconsinensis is the
most detailed account and substantiates the general
outline of Welch (1960b). The following outline is
general and applies, except in details, to most
species. The adaptations of the life-cycle are
impressive, but are understandable in relation to the
aquatic life of the larval and pupal blackfly and the
terrestrial life of its adult.
The life-cycle usually begins with the consumption

by the blackfly larvae of a freshly hatched infective
first juvenile stage. The juveniles of those mermi-
thids that parasitize culicids (Welch, 1960a), and
presumably also those that parasitize simuliids, are
short-lived and must contact a host within one or
two days of hatching. Several authors suggested
that the ova of the mermithid might be consumed,
but there is so far no evidence of such a method of
infection, and it is unlikely, as oval infection is
known to occur in only one terrestrial genus of
mermithids. The juveniles are probably caught in
the combs of the host larva, carried into the mouth
and swallowed. The juvenile then penetrates the
gut wall and enters the body cavity. Active penetra-
tion by infective juvenile mermithids of the body
cuticle of chironomids and culicids has been re-
ported, but is as yet unknown for mermithid
parasites of simuliids. The juveniles grow in the
haemocoele, and eventually emerge from the natural
openings or through the cuticle of either the later
larval stage, the pupa, or the adult. The nematode,
often two to four times longer than its host, then
becomes free-living and moults, matures, and
oviposits. The male dies. In the winter or in the dry
season the nematode may remain as a gravid adult
female in the bottom of the stream or as a parasite
within the body cavity of an overwintering host.
The former habit is the most general among mermi-
thids. Eggs may remain dormant in the dry seasons
of the tropics, but this would prove an exception to
the usual mermithid habit.
The observations of several authors that only

larval blackflies were parasitized, and Strickland's
(1911) observation that parasitized larvae lacked
histoblasts and did not pupate, formerly contrasted
with the observations that adult flies were parasitized

(Wu, 1930; Hocking & Pickering, 1954). A majority
of observations now report adult parasitism. This
parasitism may, in fact, play an important role not
only in the spread of the mermithid infection
throughout an area, but also in the maintenance of
mermithid populations in the blackfly breeding area
of a stream.
The stream current moving in one direction will

carry not only infected blackfly larvae but also
preparasitic and freshly emerged post-parasitic
juvenile nematodes downstream. Theoretically the
mermithid population should eventually be washed
away from the blackfly breeding area; but this does
not in fact happen. The parasitism of adult flies
provides a mechanism whereby the worms may be
transported upstream. While the final step in this
sequence, the emergence and release into the water
of the mermithids during the oviposition flight of
the adults, has been observed by Grunin (1949),
Davies (1958) and Peterson (1960), the intermediate
steps have not. Here one must rely on the excellent
theories of Muller (1954) on the " colonization cycle "
of benthic stream fauna, on the report of Roos
(1957) on the upstream flight of simuliid females,
and on the observations of simuliidologists (Peterson,
personal communication) as evidence that adult
blackflies fly upstream and therefore could transport
the parasites back to the breeding point. Perhaps
the observation of only larval parasitism may be
explained by the assumption that the collector took
his samples in a part of a stream into which older
larvae had been carried by the current (Yakuba,
1959) and that these samples included parasitized
hosts.

Within each generation of mermithids it is possible
to have one group emerging from the aquatic stages
of the host and the other from the adult stages. How
these two groups develop in each generation is a
matter for speculation. Phelps & DeFoliart (1963)
suggested that two periods of active feeding occur
in the development of blackfly larvae. The first,
during the younger instars, results in higher chances
of infection and the consequent emergence of the
mermithids from the late larval stages. The second,
in the later larval stages, increases the chance of
infection and the consequent emergence of the
parasite from the adult fly. Emergence of the
mermithids from the adults could, however, result
from late infection as a result of late hatching of the
nematode eggs or of slower rates of host growth.
Another possibility is that host and parasite have
different rates of development at certain tempera-
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tures; at one temperature the host might develop
more quickly than the parasite, and at another the
situation might be reversed so as to cause early
emergence of the parasite.
A common feature of mermithid parasitism is

multiple parasitism: the presence of more than one
individual of the same mermithid species in a single
host. Strickland (1911) first noted this and observed
that when several mermithids were present, each
worm was smaller than in single infections. The
phenomenon is known for mermithids in chiro-
nomids (Wulker, 1961), in mosquitos (Welch,
1960a) and in grasshoppers (Christie, 1936). It is
more commonly recorded in larval and pupal than
in adult blackflies, suggesting that the presence of
several worms may prevent the emergence of adult
ffies.

HOST SPECIFICITY

In general the host range of mermithids is res-
tricted to single host genera. Several observations
confirm this for the blackflies. Sommerman et al.
(1955) occasionally found only one of several species
of blackffies in mixed collections to be parasitized.
Both Phelps & DeFoliart (1963), and Welch (1962),
found G. viridis only in S. vittatum Zett., though
other blackflies were present in the same samples.
Welch found M. flumenalis in S. venustum Say, but
not in Prosimulium sp. in the same collection,
whereas Phelps & DeFoliart (1963) recorded this
nematode from S. venustum and most likely from
Prosimulium magnum Dyar and Shannon and
Cnephia mutata (Malloch). While further taxonomic
knowledge will elucidate patterns of host specificity,
it is now reasonably well established that these
mermithids parasitize only simuliids.

PATHOLOGY

Abdominal swelling and discolouring are the usual
external manifestations of mermithid parasitism.
Strickland (1911) noted that parasitized larval hosts
are longer than healthy larvae (a " t "-test of his
data gives a statistically significant difference at the
5% level). In later larval stages the reduction of fat
gives the cuticle a transparency that reveals the coiled
parasite within the host body cavity. Strickland also
reported a reduction in fat bodies as well as an
inhibition of pupal and adult histoblast formation
and of host pupation in Prosimulium hirtipes (Fries).
This he attributed to the secretion of a substance by

the nematode that inhibited the development of
histoblasts.

In adult flies parasitism may be manifested extern-
ally by intersex formation as recorded in chironomids
by Wulker (1961). Edwards (1931) recorded simuliid
gynandromorphs from Patagonia and suggested
that they may have been caused by mermithids.
Wygodzinsky (1953) described intersexes from
Argentina and now considers them due to mermithid
parasitism (personal communication). Rubtzov
(1958) found two examples of intersexes that con-
tained mermithids. Peterson (1960) pointed out that
the presence of the worms renders the insect sterile.
Sometimes flies were found with empty abdomens
devoid of structures. Hocking & Pickering (1954)
were the first to associate these cavities with parasite
activity. On the other hand, Ovazza (personal com-
munication) reported the presence of mermithids in
both adult sexes of Simulium damnosum Theo., with
damage to the gonads, but noted one case of a nor-
mal mermithid in a female fly that had laid eggs.
Host growth and pupation is retarded by mermi-

thid parasitism. This is important in the determina-
tion of percentage parasitism where higher per-
centages may result because healthy larvae pupated,
and even emerged as adults. It may explain the
seasonal changes of parasitism as reported by Doby
& Laurent (1953), Hocking & Pickering (1954), and
others, and needs consideration in connexion with
such changes.
The emergence of the parasite from the host larva,

pupa, and adult is almost immediately fatal to the
host. This is equally true of single or multiple
nematode infections. The value of the mermithids as
control agents lies in this fact.

NATURAL REGULATION OF BLACKFLY POPULATIONS

The literature contains numerous records of
percentage parasitism that, because mermithid infec-
tions are fatal, can actually be used to measure the
mortality of blackflies caused by mermithids. The
older records are usually of single locales. Many
recent studies have included not only the percentage
parasitism of many individual samples, but also the
percentage of samples in which parasitism actually
occurred. The multiplication of these percentages
gives an objective index of the regulation of a
natural agent in a region.
Two early records in North America include

23.5% and 3 %- 4% for S. hirtipes in two localities
near Boston, Mass., by Strickland (1911, 1913) and
22.8% by Twinn (1936, 1939) for P. multidentatum
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Twinn, near Ottawa, Canada. Sommerman et al.
(1955) recorded occasionally high percentages of
mermithid infection in Alaska: in one case, 65 % in
larvae of Simulium tuberosum (Lund.). McComb &
Bickley (1959) noted high parasitism of S. tuberosum
near Washington, D.C. Peterson (1960) found a

wide range of percentages for nine species of black-
flies from many localities. Welch (1960b) recorded
that up to 6% of larvae at Churchill, Manitoba,
were parasitized, and that adult parasitism increased
from 2% to 20% when the adults with empty
abdomens were included in the count (Hocking &
Pickering, 1954). Davies (1958) recorded adult
parasitism of 15%- 60% in Ontario. Surveys of
larval blackfly parasitism in the spring of 1962 near

Belleville, Ontario, revealed that seven of eight
localities had infected populations and that the
average parasitism was 14% (H. E. Welch & L. J.
Briand, unpublished data, 1963).

In an early European report Steiner (1923) stated
that blackfly populations in the High Alps
were regulated by mermithid parasites, while
Edwards (1920) reported that mermithids were rare

in Simulium larvae in Great Britain. Doby &
Laurent (1953) found parasitism percentages up to
50% in France. Weiser (1963) recorded up to 60%
in Czechoslovakia, and in the USSR Rubtzov found
percentages of 20%- 65 %. In an excellent study of
Swedish blackflies, Carlsson (1962) recently estimated
an over-all parasitism of 5 %, an amount similar
to that recorded by Petersen (1924) for Denmark.
In personal discussion Carlsson reported occa-

sional maximums of 60 %-70 %. Samples of larvae
collected in Sweden and examined by myself re-

vealed that 10 of 22, or 45%, of the localities had
mermithid infections with proportions averaging
7% and ranging from 1.4% to 23 %. Similar samples
from Austria revealed three of six locales to have
infected populations and the average to be 10% over

the range from 0.5% to 33 %.
Lewis' records (1952, 1960) are among the few for

Africa. He recorded that 16% of the larvae and
33% of the adults of S. damnosum were parasitized
by mermithids in one locality in the Sudan, and that
12.8% of the parous females were parasitized in
Tanganyika. These data contrast with the 1.6 %
parasitism of this fly recorded by Crosskey (1954) at
Kudaru, Nigeria. A localized distribution, common
for mermithids, may explain the diversity of these
data.
The most detailed investigations of incidence are

from Wisconsin in the United States of America.

In the initial study Anderson & Dicke (1960)
reported that 10% of the localities surveyed were
infected and that parasitism often attained more
than 50% in the larvae of S. vittatum. Malloch
(1914) noted high rates of mermithid parasitism in
this species in the Illinois and Sangamon rivers of
Illinois. Later, Anderson & DeFoliart (1962)
published a more detailed account of their findings
and reported that 23% of the 215 rivers and streams
that were sampled between 1957 and 1959 had
infected populations. These authors summarized in
a table the parasitism for 16 blackfly species. When
the data were totalled, it could be seen that 76o% of
the collections had infected populations and the
average infection was 15 %. They found 87% of the
samples of S. vittatum with infected populations and
an average parasitism of 20 %. Ten populations had
rates between 43% and 93%. Phelps & DeFoliart
(1963) studied this parasitism of S. vittatum in detail
and concluded that a conservative estimate of the
larval mortality attributable to mermithids was
50%, even when local and seasonal differences were
considered. They estimated percentage mortality for
adults as between 37% and 63 %. Thus, from
100 eggs only 19 to 32 adults would eventually
emerge, of which half would be females. They
rightly concluded that mermithids were a significant
factor in the natural regulation of this blackfly.

Phelps & DeFoliart (1963) also found evidence to
indicate that mermithids might have been responsible
for the eradication of the population of S. vittatum
in stretches of two streams on possibly two occasions.
Rubtzov (1950), after a survey of personal observa-
tions, concluded that mermithids and micro-
sporidian parasites were responsible for the absence
of blackflies from certain stretches of rivers in the
USSR. Eradication through mermithid parasitism
is a possibility, as Wulker (1961) recorded 100%
parasitism of chironomid midges in a lake in the
Black Forest of Germany.

CONTROL POTENTIALITIES

From the preceding section it is obvious that
mermithids can be a significant factor in the natural
regulation of blackflies, or at least in the regulation
of some species. Can they be utilized for biological
control? The early workers, Strickland (1911, 1913)
and Petersen (1924), proposed such a use when they
suggested that mermithids be moved from one
stream to another. Although these proposals were
made many years ago they remain to be tested.
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The problem in such applications is the need for
more knowledge. Much more is known than pre-
viously, but there are two areas in which information
is required.
The distribution of the parasites is haphazard,

with high parasitism in some localities. This is
encouraging in the sense that there are areas into
which the parasite may be introduced, but it is also
apparent that there may be reasons, as yet unknown,
for the restricted distribution. Carlsson (1962)
found more parasitism in eutrophic than in oligo-
trophic bodies of water. This agrees with the
findings of higher parasitism in small muddy-
channelled streams than in other flowing waters by
Anderson & DeFoliart (1962). A thorough study of
several river systems is needed to understand the
distribution problem more clearly.
While the best means of expanding the nematode

distribution is the direct transfer of the worms, in-
fected hosts or both in large numbers, there is also
the possibility of culturing mermithids and thus in-
creasing the number of individuals for distribution.
Mermithids can be cultured by passage from one

insect to another. This was done with grasshoppers
by Christie (1936), chironomids by Wulker (1961)
and mosquitos by Muspratt (1947). Though similar
techniques are used for the production of viruses,
bacteria, and parasitic hymenoptera, the methods
are not sufficiently productive for wide-scale dis-
tribution of mermithids. Mass production might be
possible when artificial media are developed, but
this has not been attempted so far. Rubtzov's (1959)
recent study of the haemolymph of blackflies
provides a base for the formulation of in vitro
culture media.
While many problems remain to be solved, the

positive features of these agents, their high para-
sitism, their host specificity, and their excellent
adaptation should provide a stimulus for their
investigation and ultimate utilization. At the least,
the additional knowledge accumulated on these
agents should give us data on which to build systems
of control that integrate both the short-term benefits
of chemical and the long-term benefits of biological
technique.

RJ SUMt

Les nematodes mermithides sont des parasites exclusifs
des invertebres et principalement des insectes. Ils se
rencontrent communement chez les simulides ou des
pourcentages eleves de parasitisme, generalement fatal
aux h6tes, ont et observes. En consequence, l'evaluation
de la puissance de ces nematodes comme agents de lutte
biologique semblait imperative. Cette evaluation est
fondee sur les donnees fournies par la litterature mondiale,
sur des renseignements acquis au cours de visites d'insti-
tuts europeens faites sous les auspices de l'Organisation
mondiale de la Sante, sur des correspondances avec des
simulidologistes, ainsi que sur l'experience personnelle
de l'auteur.
La litterature mondiale mentionne environ 150 cas de

parasitisme de simulides par les mermithides. Les hotes
de ces nematodes sont pour la plupart des especes appar-
tenant A des genres communs, tels que: Simulium, Prosi-
mulium, Eusimulium et Cnephia. La plupart de ces
observations proviennent de l'hemisphere nord, 67%
de la region nearctique et 26% de la region palearctique.
Bien que plus rarement signales, ces parasites ont ete nean-
moins rencontres dans les regions tropicales. Sur cinq
mermithides, trois ont ete identifies (Gastromermis viridis
Welch, 1962, Mesomermis flumenalis Welch, 1962, et
Isomermis wisconsinensis Welch, 1962); pour les deux
autres, la determination est incertaine. Les observations
mentionnees dans la litterature concernent, pour la plu-

part, des formes immatures qui ne peuvent etre identifiees
au niveau de l'espece, mais que certains caracteres main-
tenant connus permettent de rattacher au genre.

Le cycle evolutif de ces mermithides est le suivant:
l'anguillule nouvellement eclose, ingeree par l'hote,
traverse la paroi de l'estomac pour se loger ensuite dans
la cavite du corps; lorsqu'elle y a atteint le quatrieme
stade de son developpement, elle quitte l'hote pour une
existence libre au fond des cours d'eau. Apres une der-
niere mue, les adultes continuent A se developper jusqu'A
maturite, suivie d'accouplement et de ponte. Avant leur
entree et apres leur sortie des larves ou des pupes de
simulides, les mermithides sont emportes a certaines dis-
tances par le courant. Le fait qu'ils ne possedent aucun
moyen effectif pour remonter le courant pourrait suggerer
que leurs populations soient, apres plusieurs generations,
transportees au-dela de leur milieu de propagation, mais
tel n'est pas le cas. I1 semble probable que le parasitisme
chez les adultes des simulides soit assez frequent pour
servir de mecanisme de survie dans les endroits favorables
des cours d'eau; les adultes infectes volant A contre-
courant, contribueraient donc a transporter des simu-
lides en amont des cours d'eau. La sortie du parasite des
larves, des pupes ou des adultes provoque presque tou-
jours la mort de l'h6te; c'est la que reside la valeur des
mermithides comme agents de lutte biologique.
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Les donnees les plus detaillees sur les cons6quences de
ce parasitisme proviennent du Wisconsin, Etats-Unis
d'Amerique, oui des reductions tres significatives dans les
populations de Simulium vittatum ont 6te observees;
certains auteurs pretendent meme que des populations de
simulides ont ete entierement detruitesparlesmermithides.

Bien que l'utilisation de ces nematodes comme agents
de lutte biologique soit possible, de plus amples connais-
sances sur leur repartition actuelle et sur les moyens de
les propager en grand nombre, sont necessaires avant
qu'ils puissent etre utilises d'une maniere pleinement
efficace.
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