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SHORT COMMUNICATION

Trichomycete Fungi (Zygomycota) Associated with the Digestive
Tract of Simulium goeldii Cerqueira & Nunes de Mello and
Simulium ulyssesi (Py-Daniel & Coscaron) (Diptera: Simuliidae)
Larvae, in Central Amazonia, Brazil

Claudia Rios-Velasquez Neusa Hamada*/*
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Trichomycete fungi are associated with digestive tract of black fly larvae. These fungi have not been studied in
Brazil, knowing them and their relationship with black flies could be an alternative to control vector populations.
The objectives of this study were to survey the Trichomycete fungi associated with lz®imelafm goeldiiandsS.
ulyssesj and to determine if there is specificity and/or difference in the infection rates in these species. Black flies
were collected in Central Amazénia, Brazil. Three genera of Trichomycetes wereHaupedta, Genistellospora
and Smittium. All these fungi were common to both black fly species.
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The Trichomycetes are filamentous fungi that live in  In general, the Trichomycetes are commensalistic, but
the digestive tract of arthropods, including a great varietite type of relationship with the host can vary according
of insect families (Labeyrie et al. 1996, Lichtwardt 1997clevelopmental characteristics of the host and environ-
Misra 1998, Lichtwardt et @l999). Arthropods are in- mental parameters of the host's habitat. Species in the
fected by Trichomycetes after ingestion of trichosporesrder Harpellales have a mutualistic relationship with their
or zygospores (in the order Harpellales). These sporksst, but some species have been reported as parasites
attach themselves by a holdfast (“foot”) to the peritrophiof black fly ovaries (e.g Yeboah et al. 1984, Labeyrie et al.
matrix in the midgut and to the chitinous intima in the 996, Lichtwardt 1996) or as pathogenic to the larval host
hindgut without penetrating the walls of the intestine; iffSweeney 1981, Grigg & Williams 1989, Lépez Lastra 1990,
this way, no physical injury is caused to the wall of th&arcia et al. 1994, Lichtwardt 1996).
intestine (Lichtwardt 1986). Studies on Trichomycetes in aquatic environments in

Black fly larvae have been reported as hosts of a lar@@uth America are restricted to Chile and Argentina (Lépez
number of Trichomycetes species in the genedaastra 1990, Lichtwardt & Arenas 1996, Lichtwardt et al.
Paramoebidium, Harpella, Genistellospora, Grami-1999, 2000); in Brazil there is no report of an association
nelloides, Pennella, Simuliomyces, SmittamdStipella between these fungi and black flies. If trichomycetes are
(Moss & Lichtwardt 1980, Lichtwardt 1997, Misra 1998) species specific it could be possible to distinguish host
However, fungal host specificity is not widely studied; ispecies that are morfologically similar, suctsasulium
can vary among taxa but is, in general, restricted at theeldii Cerqueira & Nunes de Mello ai®d ulyssesiPy-
genus or family level (Lichtwardt 1986). In some caseBaniel & Coscardn), based on the presence of
trichomycetes show species specificity (Lichtwardt & Wil-Trichomycetes species. These two black fly species can
liams 1988, Lichtwardt 1997) such@ittium dimorphum  be distinguished at the larval stage only in the last instar,
Lichtwardt & Williams andStachylina pedifewilliams &  after dissecting the gill histoblast and counting the num-
Lichtwardt that have only been reported Boreo- ber of gill filaments (Hamada & Adler 2001).
heptagyia lurida(Garret) (Chironomidae) larvae  Knowledge of Trichomycete fungi and their relation-
(Lichtwardt & Williams 1988). ship with black flies might be a valuable tool in biological
control of vector populations. This study will help to
increase this knowledge in Central Amazénia by (1) sur-
veying the Trichomycetes (Zygomycota) associated with
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Manaus (Reserva Florestal Adolfo Ducke) counties, Some specimens of black flies were infected in the
Amazonas, Brazil. In these placé, goeldii and S hindgut with the two Trichomycetes species observed,
ulyssesiare present throughout the year. double infection being more frequenti?(p < 0.05) found

The larvae were hand collected, placed in Petri dishesS. goeldiithan inS. ulyssesTable).
with wet filter paper and transported to the laboratory in  The genu$iarpellais cosmopolitan and, in general,
anice box. Inthe laboratory the larvae were transferredits host specificity is not at the specific level. The results
a refrigerator until dissection. Due to the great morphaf the present study support this hypothesis because
logical similarity between the two black fly species studHarpellasp. was found in both black fly species studied.
ied, last-instar larvae were identified by dissecting the gillhe observed structures, holdfast (Fig. 1) and trichospores
histoblast in distilled wateiS. goeldiihas eight filaments attached to the thallus, indicate the presence of only one
andS.ulysseshas six (Hamada & Adler 2001). Larvae inspecies, similar tbl. meridianalis howeverHarpellasp.,
the penultimate instar were classified as immature becauses thallus and trichospores shorter and thinner than
their gill histoblast is not developed; therefore, it was ndhose ofH. meridianalis(Lichtwardt & Arenas 1996,
possible to identify them to species level. Lichtwardt et al. 1999, 2000).

Dissections of the mid- and hindgut were done in dis- Our results also show th&enistellosporasp. and
tilled water. These structures were mounted between slieittiumsp. do not have specificity for the black fly spe-
and coverslip in distilled water and examined under a coroies studied. Specificity of Trichomycetes for their host
pound microscope to observe presence or absence of $pecies has not been well studied; and only has been
Trichomycetes. Measurements of thalli and spores weirderred from data obtained in the field (Lichtwardt 1986).
made before staining; identification was based oRrobably it is related to environmental and behavioral fac-
Lichtwardt's (1986) key to Trichomycetes. The fungi werdors, which may determine if the fungus becomes estab-
stained with blue lactophenol, and, after complete subslished in a given population (Lichtwardt 1986).
tution of water by the stain, the coverslip was sealed with  Smittiumsp. (Figs 2-3) is similar to species reported in
transparent fingernail polish. black fly larvae in Costa Rica (Lichtwardt 199Bmittium

Infection rates of fungi in the black fly host speciesnnulatum Lichtwardt andSmittium dipterorum
were defined as the number of infected larvae divided lychtwardt, but probably it is a new speci&nittiumsp.
the total number of larvae examined of each specibésas trichospore oval-elongated like thaSoannulatum
(Lichtwardt 1986). To verify if there are differences in thdvowever the trichospore is shorter and thinner; it is more
infection rates by Trichomycetes B goeldiiandS. similar toS. dipterorumhaving thallus with verticilated
ulyssesiand between last instar and penultimate instaamification, holdfast with horse-shoe shape, trichospore
larvae, a chi-square test £ 0.05) was performed.

Dissections were performed on 202 larvae, of which 68
wereS. goeldij 55 wereS. ulyssesind 79 were immature.
Three genera of trichomycetes were obserkidpella,
SmittiumandGenistellospora ldentifying to species level
was not possible because of the difficulty in observing
the structures that characterize each species and, in some
cases, because the measurements of the structures did
not match those of known trichomycetes species. It is
possible that many of these structures were not mature
and/or that they belong to species that have not yet been
described. However, based on the structures observed,
there is probably only one species of each getaipella
sp. (Fig. 1) Smittiumsp. (Figs 2-3) anenistellospora
sp. (Figs 4-5).

Of the total dissected larvae, 9.4% were not infected
with Trichomycetes (Table)Harpellasp. was only ob-
served in the midgut of both black fly species, including
the immature larvae, with similar infection rates (Table);
specificity to any of the two species was not observed.

Genistellosporasp. andSmittiumsp. were observed
infecting only the hindgut 08. goeldiiandS. ulyssesi
and the immature larvae. Infection ratesGenistel-
losporasp. (Table) were not significantly different in the
two black fly species studieg4, p > 0.05), whilé&Smittium
sp. had higher infection rates $ goeldiithan inS.
ulysses(Table) 2, p < 0.05).

The rates of infection by trichomycetes in the hlndgl'l'l:ig. 1: Harpella sp. (Zygomycota: Trichomycetes) from midgut of

Were_lowerg p< 0'05) 'Q penUItlmate'lnStar (lmmature)Simuliidae (Diptera) larvae in Central Amazénia, Brazil. Thallus
than in last-insta®. goeldiiandS. ulyssesi larvaglable).  and holdfast (h)
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TABLE

Infection rates (%) of Trichomycetes (Zygomycotapimulium goeldii, Simulium ulyssesid immature (penultimate instar)
larvae (Diptera: Simuliidae) observed from April to October 1999 in Central Amazdnia, Brazil

Simuliidae Infected with Trichomycetes (%) Non infected
Harpella Smittium Genistellospora  Genistellospora/Smittium larvae (%)

S. goeldii

n=68 89.7 39.7 44.1 19.1 5.8

S. ulyssesi

n=>55 89.1 18.2 345 1.8 7.2

Immatures

n=79 73.4 25.3 17.7 6.3 15.2

n: total number of specimens examin@énistellospora/Smittiundouble infection

Fig. 2: Smittiumsp. (Zygomycota: Trichomycetes) from hindgut of Simuliidae (Diptera) larvae, in Central Amazdnia, Brazil. Thallus
ramification and bifid holdfast (h). Fig. 3: trichospore with collar (c)

elongated, almost cylindrical with one appendix and a short Infection rates were lower in immature larvae than in
collar; however, the sizes of the trichospore and thallusst-instar larvae. This result is the opposite of that of
differ from those ofS. dipterorumGenistellosporasp. Horn and Lichtwardt (1981), who observed that, under
(Figs 4-5) has structures similar to thoseGxnis- laboratory conditions, infection rates in larvae decreased
tellospora homothallicaLichtwardt, reported by from the first to the fourth-instar iAedes aegyptnd
Lichtwardt (1997) in Chile, Costa Rica and Argentina, howthat the rate of re-infection decreased in each molting
ever, the length and width of its zygospore are mugteriod. In the present study we did not observe first-
smaller. instar larvae, we worked only with penultimate and ulti-
Genistellosporasp. andSmittiumsp. were found co- mate instars. We expected that larvae would become re-
ocurring in the host species. It is possible to find oniefected after each ecdysis, since, during this process,
species of Trichomycetes infesting many species of hostise hindgut and its chitinous sheath also change, and the
but also one species of host may be infected by two exuviae can have viable fungi for re-infection of surround-
more Trichomycetes (Lichtwardt 1986). ing larvae. One possible explanation of the higher infec-
Infection rates of Trichomycetes in black fly larvaetion rates in the last-instar is that the larvae in this stage
have not been reported previously. Probably infectioare preparing to pupate and would need larger amounts
rate is affected by the host species and by environmentdilvitamins, and that the associated fungi in the hindgut
conditions (Lichtwardt 1986). In the present study weould help in the absorption or production of these vita-
report only the infection rates of black fly species; we dichins. Therefore, last instar larvae could be more recep-
not consider the habitat conditions because of the sintive (through biochemical or physiological mechanisms)
larity of the habitats and because of the low number td infection by Trichomycetes in the hindgut than the
larvae in some places. immature larvae. Horn and Lichtwardt (1981) observed
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Genistellosporasp. (Zygomycota: Trichomycetes) from hindgut of Simuliidae (Diptera) larvae, in Central Amaz6nia, Brazil. Fig. 4:
thallus ramification and holdfast (h). Fig. 5: zygospore (z)

that, under laboratory condition&, aegyptilarvae are Lichtwardt RW 1986The Trichomycetes: Fungal Associates of
not infected by fungi in media rich in vitamins. Itis pos- Arthropods Springer-Verlag, New York, 343 pp.

sible that fungal infection is determined by the physikichtwardt RW 1996. Trichomycetes and the arthropod gut. In
ological condition of the larvae. More studies will be D HOI;valr% ?Lsg/“"?f (ed\s/),Tlhe “éyclq)ta, Agirzegals%nd Hu-
necessary to clarify the infection process and the factors Man Reaionsspringer-veriag, beriin, p. 314-359.
associate)(/j with it_fy P Llséhtwardt RW 1997. Costa Rican gut fungi (Trichomycetes)

.. - . . . infecting lotic insect larvadRev Biol Trop 451349-1383.
This is the first report of Trichomycetes fungi aSSOCH ; hwardt RW, Arenas MJ 1996. Trichomycetes in aquatic

ated_wi_th aguatic insects in E_>razil. Because pf @he €C0- insects from southern Chilblycologia 88 844-857.
nomic importance of controlling some aquatic insectgchuwardt RW, Williams MC 1988. Distribution and species
many of which are disease vectors or biting pests, these diversity of Trichomycetes gut fungi in aquatic insect lar-
fungi could potentially be used economically since some vae in two Rocky Mountain strean@an J Bot 661259-
species can be pathogenic to their host. 1263.
Lichtwardt RW, Ferrington Jr LC, Lépez Lastra C 1999.
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