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Entomopathogenic Fungi in Diptera: remarks
on range extension and collection records
Bruno Corrêa Barbosa*1, Tatiane Tagliatti Maciela1,
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ABSTRACT: (Entomopathogenic fungi in Diptera: behavior of hosts and
record of occurrence) This study aims to report the unprecedented occurrence
of entomopathogenic fungi Entomophthora muscae and Ophiocordyceps
dipterigena parasitizing flies from the family Muscidae in Minas Gerais state,
Brazil. Additionally to this register, we also recorded different behaviors
expressed by the flies parasitized by each species of fungus, as the choice
of the plant and the manner of attaching to the same. There are few records
published describing the occurrence of fungi and their hosts, what suggest that
many species of entomopathogenic fungi have not been registered due to lack
of studies.
Keywords: Entomophthora, fungal diversity, Muscidae, Ophiocordyceps,
parasite manipulation.
RESUMO: (Fungos entomopatogênicos em Diptera: comportamento dos
hospedeiros e registro de ocorrência) Este estudo tem como objetivo registrar
a ocorrência inédita dos fungos entomopatogênicos Entomophthora muscae
e Ophiocordyceps dipterigena parasitando moscas da família Muscidae, no
estado de Minas Gerais, Brasil. Além de dois registros, foram observados
comportamentos diferentes expressos pelas moscas parasitadas por cada fungo,
como a planta escolhida e a forma de fixação na mesma. Há poucos registros
publicados sobre a ocorrência dos fungos e seus hospedeiros, sugerindo que
muitas espécies de fungos entomopatogênicos ainda não foram registradas
devido à falta de estudos.
Palavras-chaves: Entomophthora, diversidade de fungos, manipulação parasítica, Muscidae, Ophiocordyceps.
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Entomopathogenic fungi parasitize a wide variety of hosts (Evans &
Samson 1982, 1984; Kobayasi, 1941), changing the behavior of the hosts, in
order to facilitate its dispersion. (Andersen et al., 2009). Currently, infections
by entomopathogenic fungi are known for ten insect orders: Hymenoptera,
Diptera, Coleoptera, Hemiptera, Lepidoptera, Orthoptera, Blattodea, Odonata,
Mantodea and Dermaptera, and for other arthropods such as spiders (Evans,
1982). It is believed that fungi play a fundamental role on regulation of
arthropods population, once it help to maintain the balance in the tropical forest
ecosystems (Evans, 1982).
The fungi from the genus Ophiocordyceps Petch (1931) and
Entomophthora Fresen. (1856) are registered throughout the Neotropics,
however little is known about their occurrence in Brazil (e. g. Madeira, 1998;
Evans et al., 2011; Barbosa et al., 2015). These two genus of fungi comprise
several entomopathogenic species specialized in to infect and kill their hosts due
to needs of self-development and transmission (Steenberg et al., 2001; Evans
et al., 2011). Some species, such as Ophiocordyceps unilateralis Tulasne &
Tulasne (1865) sensu lato, are able to manipulate the host’s behavior, leading
it to abandon its colony and act to its own detriment, behaviors resultants of
the chemical control exercised by parasites (Andersen et al., 2009). These
behavior featuring an extended phenotype, i.e., when genes of the parasite are
expressed in the host’s phenotype: “changing the hosts to the fungus itself”
(Dawkins, 1982).
Due to high abundance and diversity of ants, fungal infections in the
Formicidae family are the most reported and most well known (Evans et al.,
2011; Barbosa et al., 2015). The infection commonly occurs during foraging
activities when the ants have direct contact with fungal spores, that get stuck
in their body and penetrate their cuticle. The fungal infection will occur after
an incubation period of three to six days after the spore adhesion to the ant’s
body surface. Once infected, the individual dies and the fungus develops a
fruiting body that grows behind the head of the parasitized insect. Through this
structure, the spores are formed and released to the environment, dispersing
across the forest floor, where can infect new potential hosts (Evans, 1982; Evans
& Samson, 1982, 1984; Pontoppidan et al., 2009).
Records of infection by entomopathogenic fungi in the order Diptera
are scarce and poorly known (e.g. Watson et at., 1993; Steenberg et al., 2001;
Lastra et al., 2006). Thus, the present work aims to describe the occurrence of
parasitic associations between entomopathogenic fungi and flies from the family
Muscidae in an urban fragment of Brazilian Atlantic Rainforest.
Brazilian Atlantic Forest is considered one of the most rich and diversity
biome in South America. In the region of Minas Gerais state, Southeast Brazil,
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the Atlantic Forest is characterized by a Semi-deciduous Seasonal Forest (Veloso
et al., 1991), a transitional zone between the humid Atlantic Forests which lie
near the Atlantic coast, and the drier Caatinga shrub lands, Atlantic dry forests,
and Cerrado savannas of the interior.
This study was conducted in a two fragments of a Semi-deciduous
Seasonal Forest situated in the Juiz de Fora (Minas Gerais state) city. (1) The
Botanical Garden has 84 hectares of extension (21°43’28”S - 43°16’47”W,
750 m a.s.l.) and was recently considered by Santiago et al., (2014) as rich in
floristic diversity of woody vegetation, endangered species, and predominance
of pioneer plant, besides the considerable presence of exotic species. Maciel
& Barbosa (2015) suggest this area as novel ecosystems (Figure 1A); (2) The
second fragment has 62 hectares of extension (19º09’20 “S - 48º24’35” W, 840
m a.s.l.), this area has a secondary vegetation type: medium successional stage
and the presence of grassland (Figure 1B).
During a period of July to December 2014 and May 2015 in an effort
five days per month, samples were collected between 8:00 am to 16:00 pm.
The sampling protocol consisted to a carefully inspection of soil, leaf litter,

Figure 1. Graphic representation of the study areas in Juiz de Fora, Minas Gerais state,
southeast Brazil: (A) First fragment; (B) Second fragment.
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shrub leaves and tree trunks, up to 2m high, covering transects of 1600m in the
two study areas. The infected fly and the immediate substrate attached to, were
collected in plastic containers and sent to the laboratory for analysis. When
possible, the samples were analyzed in the same day that it were collected.
Fungi species were identified based on morphological analysis of
fruiting bodies, and the hosts identification were based on the keys proposed
by Kobaysi (1982) and Keller (2002). The captured specimens were deposited
in the Behavioral Ecology and Bioacoustics Laboratory of Federal University
of Juiz de Fora.
Seven adults of Muscidae (Diptera) hosting two species of
entomopathogenic fungi were collected for the first time in Minas Gerais,
Entomophthora muscae (Cohn) Fresen. (Figure 2 A, C) and Ophiocordyceps
dipterigena (Berk. & Broome) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora
(Figure 2 E, F) with host on adults of Diptera (Muscidae).
Due to effects of partial decomposition caused by the fungus, the
identification of Diptera were only possible to family level (Muscidae) for the
individual parasitized by Ophiocordyceps dipterigena and to genus level (Musca
sp) for the individuals parasitized by Entomophthora muscae.
In this study, fungal species showed distinct forms of manipulation
in the fixation behavior. For E. muscae the fungus display a control over the
fly leading it to search for the stem structure of the plants, hang itself by the
legs, which seems to favor fungus development. It was possible to observed,
in this case, that the fungus monopolizes the entire surface of the fly including
abdominal segments, lysosomal and sclerites (Figure 2 A, B). The individuals
collected in the second area, in particular those ones captured in inflorescences,
the fungus presented structures to spread the spores, aiming to expose the fungal
reproductive structures and increased infestation probabilities in new hosts.
From the species O. dipterigena, the fungus seems to manipulate the
insect to land on a leaf without the need to hang itself. In this specie after the
fly’s death, the fungal fruiting body emerges from inside the insect through its
head (as antennae). (Figure 2 E, F). Unlike the fungus found in E. muscae, the
strategy of this fungus consists to concentrate the spores in a single point to
optimize the contact of them with potential hosts.
In Brazil, some studies have revealed the occurrence of the genus
Ophiocordyceps for other insect orders, such as groups of ants in Santa Catarina
state (Evans et al, 2011; Barbosa et al., 2015). For the genus Entomophthora,
there is only one register by Madeira (1998) for São Paulo state. Despite these
studies, the knowledge about the occurrence and interaction mechanisms
fungi-hosts are still little known to Brazil. Therefore this study represents an
important record for distribution of these species.
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Figure 2. Flies specimens infected by entomopathogenic fungi in Atlantic Rainforest:
A and B - Fly parasitized by Entomophthora muscae found in first fragment, C and
D - Entomophthora muscae found in second fragment, E and D - Fly parasitized by
Ophiocordyceps dipterigena found in first fragment.

Literature Cited
Andersen, S. B.; S. Gerritsma, K. M.; Yusah, D.; Mayntz, N. L.; Hywel-Jones,
J. B.; Boomsma J. J. & HUGHES, D. P. 2009. The life of a dead ant: the
expression of an adaptive extended phenotype. The American Naturalist,
174: 424-33.
Barbosa, B. C.; Halfeld, V. R.; De Araújo, J. P. M.; Maciel, T. T. & Prezoto,
F. 2015. Record of Ophiocordyceps unilateralis sensu lato, the zombie-

262

Barbosa et al.: New records zombie fungi for Minas Gerais, Brazil

ant fungus, parasitizing Camponotus in an urban fragment of Atlantic
Rainforest in southeastern Brazil. Studies on Neotropical Fauna and
Environment, 50: 1-3.
Dawkins, R. 1982. The extended phenotype. Oxford (uk): oxford university
press., 307 p.
Evans, H. C. & Samson, R. A. 1984. Cordyceps species and their anamorphs
pathogenic on ants (Formicidae) in tropical forest ecosystems II.
The Camponotus (Formicinae) complex. Transactions of the British
Mycological Society, 82: 127-150.
Evans, H. C. 1982. Entomogenous fungi in the tropical forest ecosystems: na
appraisal. Ecological Entomology, 7: 47-60.
Evans, H. C.; Elliot, S.L. & Hughes, D. P. 2011. Hidden diversity behind
the zombie-ant fungus Ophiocordyceps unilateralis: four new species
described from carpenter ants in Minas Gerais, Brazil. Plos One, 6:
e17024.
Keller, S. 2002. The genus Entomophthora (Zygomycetes, Entomophthorales)
with a description of five new species. Sydowia-Horn 54(2):157-197.
Kobayasi, Y. 1982. Keys to the taxa of the genera Cordyceps and Torrubiella.
Transactions of Mycology Society of Japan 23:329–364
Lastra, C. C. L.; Siri A.; García J. J.; Eilenberg J. & Humber R. A. 2006.
Entomophthora ferdinandii (Zygomycetes: Entomophthorales) causing
natural infections of Musca domestica (Diptera: Muscidae) in Argentina.
Mycopathologia 161: 251-254.
Maciel, T. T. & Barbosa, B. C. 2015. Áreas Verdes Urbanas: História, Conceitos
e Importância Ecológica. CES Revista 29(1): 30-42.
Madeira, G. 1998. Persistence of conidia of Entomophthora muscae in relation
to age, temperature and humidity. Biocontrol, 43: 87–95.
Pontoppidan, M. B.; Himaman W.; Hywel-Jones N.L.; Boomsma J. J. &, Hughes
D. P. 2009. Graveyards on the move: the spatio-temporal distribution of
dead Ophiocordyceps-infected ants. Plos One 4: e4835.
SÁ Júnior, A.; Carvalho, L. G.; Silva, F. F.; Carvalho, A. M. 2012. Application
of the Köppen classification for climatic zoning in the state of Minas
Gerais, Brazil. Theoretical and Applied Climatology, 108:1-7.
Santiago, D. S.; Fonseca C. R. & Carvalho, F. A. 2014. Fitossociologia da
regeneração natural de um fragmento urbano de Floresta Estacional
Semidecidual (Juiz de Fora, MG). Revista Brasileira de Ciências Agrárias,
9: 117-123.
Steenberg, T.; Jespersen J. B.; Jensen K. M. V.; Nielsen B. O. & Humbert, R.
A. 2001. Entomopathogenic fungi in flies associated with pasture cattle
in Denmark. Journal of Invertebrate Pathology, 77: 186–197.

Bol. Mus. Biol. Mello Leitão (N. Sér.) 38(3). 2016

263

Sung, G. H.; Hywell-Jones N. L.; Sung J. M.; Luangsa-Ard J. J.; Shrestha B.
& Spatafora J. W. 2007. Phylogenetic classification of Cordyceps and
the clavicipitaceous fungi. Studies in Mycology, 57: 5-59.
Veloso, H. P.; Rangel-Filho A. L. R & Lima, J. C. A. 1991. Classificação da
vegetação brasileira adaptada a um sistema universal. Rio de Janeiro:
IBGE, 124p.
Watson, D. W.; Mullens, B. A. & Petersen, J. J. 1993. Behavioral fever response
of Musca domestica (Diptera: Muscidae) to infection by Entomophthora
muscae (Zygomycetes: Entomophthorales). Journal of Invertebrate
Pathology 61(1), 10-16.

