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Abstract. Several species of fungi exploit ants. Most of them are known from the tropics, where they may
exhibit spectacular morphologies, and a handful of species are known to occur in Europe. Available data on
their geographic range, host specificity and effect on the host is scarce and require acquisition. In addition,
there is a significant geographic bias in the available data: mostly Western and Central European records are
known. Herein, we provide an overview of the myrmecoparasitic fungal species from a hitherto barely
explored country, Romania: Aegeritella superficialis Batazy et J. Wisn. (1974), Myrmicinosporidium durum
Holldobler, 1933, Pandora myrmecophaga (Turian et Wuest) S. Keller (2005) and Rickia wasmannii Cavara (1899)
are presented. P. myrmecophaga is reported for the first time in Romania, and several new locations for R.
wasmannii are given, and also a new host species for the fungus. General aspects of the biology of the four
species, their distribution in Romania and their host range are presented.
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Introduction

Interactions between fungi and insects are many-
fold: from transient to obligate associations, some
are known to kill the insect host, but in several
cases they may benefit the insect or the fungus, or
both (Vega et al. 2009, Blackwell 2010). Social in-
sects, particularly ants, are no exception in this re-
gard. There is a wide range of fungi associated
with ants, the most spectacular being that of the
leaf cutter ants. Parasitic fungi, e.g. species of the
genus Cordyceps (Fr.) Link, due to their extreme
morphology and bizarre host manipulation tech-
niques, have also received much attention
(Schmid-Hempel 1998, Blackwell 2010, Evans et al.
2011). Ant colonies are a most rewarding target for
parasites, as they constitute a highly dense and
genetically similar group of hosts (Schmid-
Hempel 1998). Consequently, ants employ a num-
ber of hygienic behaviors to reduce virulence and
transmission of entomopathogenic agents within
the colony, e.g. increased grooming and nest
cleaning, production of antibiotics, pathogen
avoidance, removal of infected individuals, and
sometimes even the relocation of the entire colony
(Schmid-Hempel 1998, Roy et al. 2006). The intri-
cate mechanisms of the evolutionary arms race in

ant-fungus interactions and its implications on the
social structure of ants make this topic an appeal-
ing subject for research. However, in spite of an
increasing number of studies on the behavioral
ecology and evolutionary ecology of insect-
associated fungi, and particularly ant-fungus in-
teractions (see Roy et al. 2006), there is still a con-
siderable lack of basic information as regards geo-
graphic distribution and host range of myrmeco-
parasitic fungi. Although a considerable part of in-
formation scarcity can also be attributed to prob-
lems in fungal systematics (see e.g. Blackwell 2010
for recent developments), the lack of specific atten-
tion paid to such parasitic fungi contributes to the
prevailing gaps in our knowledge (Espadaler &
Santamaria 2012).

Recently, Espadaler & Santamaria (2012) of-
fered a comprehensive survey of myrmecopara-
sitic fungi present in Europe. The study delineated
regions with no current data for these species,
which are mostly Eastern European countries such
as Romania (see e.g. Cs6sz et al. 2012). In Romania
only three myrmecoparasitic species were known
until now: Aegeritella superficialis Batazy et . Wisn.
(1974) (Pascovici 1983), Myrmicinosporidium durum
Holldobler, 1933 (Cs6sz et al. 2012) and Rickia
wasmannii Cavara (1899) (Tartally et al. 2007). Here
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we report the occurrence of one more fungus spe-
cies in Romania: Pandora myrmecophaga (Turian et
Wouest) S. Keller (2005).

Our contribution brings important findings
with regards to the distribution and host utiliza-
tion of ant parasitic fungi.

Materials and methods

An extensive bibliographic search was carried out for any
published information on myrmecoparasitic fungi species
in Romania. Extensive field work was applied in the case
of the fungi Pandora myrmecophaga and Rickia wasmannii.

A systematic search for Pandora myrmecophaga was
conducted in a large polydomous system of Formica ex-
secta Nylander, 1846 near Voslobeni in Harghita County
(N 46.61649, E 25.611893) on 28.IX.2010. Altogether 500
nests were surveyed for infected individuals out of a total
of 3347 nests (see Marko et al. 2012). Next year a similar
field survey was carried out between 05-09.VII.2011, and
five additional smaller F. exsecta polydomous systems
were also included from the same area. Altogether 1066
nests were surveyed belonging to six polydomous sys-
tems. Four systems were entirely censused (12, 16, 22, 23
nests), while two large systems only partially censused
(360 out of 400 nests, 633 out of 3347 nests). All dead F.
exsecta individuals found attached to a grass blade in the
vicinity of a nest were collected together with the grass
blade, and were placed into small vials separately with a
wet cotton ball underneath (see Boer 2008). The corpses
were regularly checked for the infestation, which usually
appeared after 6-10 hours. All nests with infected indi-
viduals were verified for infestation twice during the
study period with a difference of 3-5 days.

Systematic searches were applied for Rickia wasman-
nii. On the base of Tartally et al. (2007) two infected popu-
lations were known previously, which were located at
<30 km distance from each other. During the field survey
similar habitats (wet grasslands of Northern exposure)
were inspected in the wider region around the already
known locations in spring 2011.

The taxonomical scheme and terminology of the
species follows Index
(http:/ /www.indexfungorum.org/).

fungi Fungorum

Results

Altogether four species of myrmecoparasitic fungi
are known to occur in Romania.

Aegeritella superficialis Balazy et J. Wisn. (1974)

Aegeritella superficialis is one of the five known Ae-
geritella species (Pezizomycotina, Ascomycota). All
of them grow on the cuticle of workers of Formica
species (Espadaler & Wisniewski 1987, Espadaler
& Monteserin 2003, Espadaler & Santamaria 2012).
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They are believed to be epizoic fungi, since the
contact of the fungus with the insect cuticle is su-
perficial. Aegeritella superficialis forms small (up to
400 pm diameter) dark protuberances; bulbils
looking like dirt on the ant body. Sometimes the
bulbils are yellowish, and flat which makes them
difficult to notice, especially if the host ants are
reddish (Espadaler & Monteserin 2003).

Some studies (e.g. Chérix 1982, Wisniewski &
Buschinger 1982) suggest a reduced activity level
and life span of the Aegeritella hosts, but the effects
of the fungi on the ants have not been decisively
elucidated yet (Espadaler & Wisniewski 1987, Es-
padaler & Monteserin 2003). Infected ants do not
seem to be affected by the presence of the fungus,
which could also indicate that the metapleural se-
cretions are effective and keep the fungi in an ar-
rested state (Espadaler & Monteserin 2003). It is
assumed that the frequent auto- and allogrooming
on the head are of vital importance, which could
contribute to a lower infestation level (Espadaler
& Wisniewski 1987, Espadaler & Monteserin
2003). Within-colony prevalence of the fungi var-
ies from a few percent to as high as 60%
(Wisniewski 1977, Wisdniewski & Sokotowski
1983).

The known host range of Aegeritella superfici-
alis includes various Formica species (see Es-
padaler & Santamaria 2012 for a review), but the
fungus was reported only from a few European
countries until now: the Czech Republic, Ger-
many, Italy, Poland, Spain and Switzerland (Es-
padaler & Santamaria 2012). Based on available
data it can be considered to be the most widely
distributed myrmecoparasitic fungi in Romania. In
a single article Pascovici (1983) reported it on For-
mica polyctena Foerster, 1850, F. pratensis Retzius,
1783 and F. rufa Linnaeus, 1761 from nine localities
(Fig. 1): Avrig (Sibiu County), Baraolt (Covasna
County), Cehu Silvaniei (Silaj County), Curtea de
Arges (Arges County), Marginea (Suceava
County), Medias (Sibiu County), Pojorita (Suceava
County), Reghin and Sighisoara (Mures County).
New data are not available.

Myrmicinosporidium durum Holldobler, 1933

The true systematic position of this fungus is still
not clear (Sanchez-Pefia et al. 1993, Espadaler &
Santamaria 2012), but it is a member of the sub-
phylum Entomophthoromycotina (the former or-
der Entomophthorales). Infected ants are easy to
recognize based on their conspicuous appearance:
their body contain numerous dark, lentiform cap-
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sules (ca. 30-50 pm in diameter), and these thick-
walled spores of the fungi can easily be seen
through the cuticle under a microscope (Sanchez-
Pefia et al. 1993, Buschinger et al. 2004, Pereira
2004, Gongalves et al. 2012). In lightly colored ants
the high number of the capsules turn the hosts'
gaster darker, which makes them easy to pick
from the nest (Buschinger et al. 2004, Pereira 2004).
In the last stage of the infestation spores may be
present massively not just in the gaster of the host,
but also in the petiole, postpetiole, the thorax and
even in the head (Sanchez-Pefia et al. 1993, Pereira
2004, Gongalves et al. 2012).

The exact nature of the fungus' effects on its
host remains uncertain. Neither its life cycle nor
the ways of infection are known (Sanchez-Pefia et
al. 1993). The infection is considered to become
evident in fall, thus the infected ants hibernate and
die in late spring (Buschinger et al. 2004, Pereira
2004). Within-colony prevalence of infestation is
usually low but it can also reach quite extreme
levels (Sanchez-Pefa et al. 1993, Buschinger et al.
2004, Pereira 2004), while the behavior of infested
workers and queens do not seem to be altered due
to infestation, according to the observations of
Buschinger et al. (2004). It is an uncommon but
widespread ant parasite, which can reach a very
extensive thallus development in the ant haemo-
coel without killing it (Sanchez-Pefia et al. 1993).

Myrmicinosporidium durum is a generalist para-
site: it infects an impressively wide range of ant
species of three subfamilies, Myrmicinae, Formici-
nae and Dolichoderinae (see Espadaler & San-
tamaria 2012, Gongalves et al. 2012 for detailed re-
views). The fungus was reported from several lo-
calities all over Europe (Cs6sz et al. 2012, Es-
padaler & Roig 2012, Espadaler & Santamaria
2012, Gongalves et al. 2012): Austria, Bulgaria,
Croatia, Czech Republic, France, Germany, Hun-
gary, Italy, Portugal, Slovakia, Slovenia, Spain and
Switzerland. It was also found in South- and
North-America in the Galapagos Islands (Ecua-
dor) (Espadaler 1997), and Texas (Sanchez-Pefia et
al. 1993), Alabama, Florida and Tennessee (Pereira
2004) in the USA. Most recently, this species has
been reported from the Asian part of Turkey as
well (Cs6sz et al. 2012).

In Romania it was recently discovered in two
different species at three separate locations (Cs6sz
et al. 2012) (Fig. 1): in a single Solenopsis fugax (La-
treille, 1798) individual caught with a pitfall trap
at Luna de Jos (Cluj County), central Romania, in
three workers of S. fugax at Rimetea (Alba
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County), central Romania, and in a single Tetramo-
rium sp. E (sensu Schlick-Steiner et al. 2006) indi-
vidual in the centre of the town Caransebes
(Caras-Severin County), south-western Romania.

Pandora myrmecophaga (Turian et Wuest) S. Keller
(2005)

Pandora myrmecophaga is also member of the sub-
phylum Entomophthoromycotina. The fungus
produces infective spores that attach to, germinate
on, and penetrate the cuticle of its hosts, ulti-
mately killing them. The fungal mycelium grows
in the head, mesosoma, gaster, antennae, and legs
of the ant. Production of conidia typically occurs
at intersegmental parts of the gaster. The so-called
'summit disease' is present in many insect species:
infected individuals look for an elevated position,
usually vegetation parts (e.g. leaves, grass blades),
from where then the wind can effectively spread
the spores (Marikovsky 1962, Roy et al. 2006, Boer
2008). In the case of ants, typically, infected work-
ers climb on plants around their colonies, where
they attach themselves by their mandibles and
legs to distal parts of the plant (e.g. grass blades)
(Fig. 2). Within hours the rhizoids of P. myrmeco-
phaga grow out of the intersegmental parts of the
basisternum and laterocervical plates and attach
the ant to the leaf even more strongly. Then in one
or two days, fur-like fungus appears at the in-
tersegmental parts of the mesosoma and gaster,
mainly from the dorsal parts, and somewhat later
also near the bases of the mandibles and the an-
tennal insertions (Marikovsky 1962, Roy et al.
2006, Boer 2008) (Fig. 3). Seemingly warm and wet
weather conditions favor the growth of the fungi
(Marikovsky 1962). Intriguingly, there are striking
similarities in the host's behavioral modifications
caused by Dicrocoelium spp. lancet fluke worms
and P. myrmecophaga, suggesting that similar
mechanisms may be involved.

The prevalence of the fungi within colonies is
usually low: usually a few infected individuals can
be found around a nest (Sosnowska et al. 2004,
Boer 2008). On the other hand, the proportion of
infected nests within a population can be high:
Boer (2008) found that 22% of Formica rufa nests
contained infected individuals in autumn.

The known host range of the fungus includes
ant species of the genus Formica: Formica exsecta, F.
cf. lemani Bondroit, 1917, F. polyctena, F. Pratensis
and F. rufa (Turian & Wuest 1977, Batazy 1993,
Sosnowska et al. 2004, Boer 2008).

The fungus is quite widely distributed in
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Figure 1. Currently known distribution of Aegeritella superficialis (black triangle), Myrmicino-
sporidium durum (black diamond), Pandora myrmecophaga (white star) and Rickia wasmannii
in Romania (black dot - old data; white dot - new data) in Romania. One location of M. du-
rum is overlapping with that of R. wasmannii at Luna de Jos.

E. Csata et al.

Figure 2.
worker before the outbreak of the fungi
(photo by B. Marko).

Europe. It is known from the territory of the for-
mer Czechoslovakia (Balazy 1993), Germany
(Batazy 1993), the Netherlands (Boer 2008), Poland
(Batazy 1993, Sosnowska et al. 2004), Russia (Ma-
rikovsky 1962), Sweden (Batazy 1993), Switzerland
(Turian & Wuest 1977, Batazy 1993), and the terri-
tory of the former Yugoslavia (Batazy 1993).

Pandora-infected Formica exsecta

Figure 3. Pandora-infected Formica exsecta
worker after the outbreak of the fungi
(photo by B. Marko).

Batazy (1993) also reports a fungus with identical
rhizoids, similar conidiophore and conidia found
near Hancock, USA.

In Romania it is reported for the first time. It
was found on Formica exsecta near the Dupd Lunca
protected marshland area at Voslobeni in Harghita
County (N 46.61649, E 25.611893, 28.IX.2010 and
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05-09.VIL.2011, leg. B. Marké et al.) (Fig. 1). In
2010, 500 nests belonging to one polydomous sys-
tem were systematically searched and only three
infected individuals at three nests were found
(0.6% prevalence). In 2011, 1066 nests belonging to
six polydomous systems were surveyed. Infected
individuals were found only at the two biggest
systems with 360 and 633 nests censused, the latter
system being the same as the one investigated in
2010. Altogether, 17 (4+13) infected nests were
found with 18 (4+14) infected individuals. The re-
checking yielded positive results only in the case
of a single nest, where an additional infected indi-
vidual was detected after five days. The biggest
system had a slightly higher prevalence (2.05 vs.
1.11%). Taking into account all polydomous sys-
tems the prevalence of infestation was 1.6% at a
population level in the period of investigation in
2011.

Rickia wasmannii Cavara (1899)

Rickia wasmannii is a member of the widely dis-
tributed entomoparasitic order of fungi Laboul-
beniales (Ascomycetes), which are ectoparasites of
arthropods, mostly insects (Santamaria 2001, Her-
raiz & Espadaler 2007). The host range of Rickia
species specifically encompasses distantly related
arthropods such as mites (Acari), millipedes (Dip-
lopoda), mole crickets (Orthoptera: Gryllotalpi-
dae), ants and various beetles (Coleoptera) (Weir
& Blackwell 2005). Rickia wasmannii obligatorily
exploits ants of the genus Myrmica Latreille (Es-
padaler & Santamaria 2012). The thallus consists
of a multiseriate receptacle which is only one layer
of cells thick. The fungal thalli penetrate the outer
layer of the cuticle, and appear on the surface of
the hosts as clubbed setae-like structures under
the stereoscope. This makes the infected host easy
to recognize for the myrmecologist, as highly in-
fected ants appear unusually hairy.

Little is known about the effect of the Laboul-
beniales fungi on their hosts, and while the fungi
are parasitic and penetrate to the hemocoel of the
host, they are usually regarded as neutral (see Tar-
tally et al. 2007, Garcia et al. 2010, Lapeva-Gjonova
& Santamaria 2011, Bezdécka & Bezdéckova 2011,
Espadaler & Santamaria 2012). Clearly pathogenic
relationships have been documented but it is not
possible to generalize about host-parasite relation-
ships for thousands of species in this order and the
diverse array of arthropods which are utilized.
Premature death or reduced fecundity has been
observed in parasitized ladybird beetles, cock-
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roaches, and staphylinid beetles (Kamburov et al.
1967, Gemeno et al. 2004, Bro Larsen 1952,
Strandberg & Tucker 1974) but other studies using
flies and cockroaches have shown no evidence of
pathogenicity (Whisler 1968, Richards & Smith
1956).

The known host species of Rickia wasmannii
are various Myrmica species, the most frequent be-
ing M. scabrinodis Nylander, 1846 (see Espadaler &
Santamaria 2012 for a detailed review). The fun-
gus was reported from many European countries
(Espadaler & Santamaria 2012): Austria, Bulgaria,
the Czech Republic, France, Germany, Hungary,
Italy, Luxembourg, Slovakia, Slovenia, Spain,
Switzerland and the United Kingdom.

In Romania, it was first reported by Tartally et
al. (2007) on Myrmica scabrinodis from two locali-
ties (Fig. 1): Fanatele Clujului (Cluj-Napoca) and
Luna de Jos, all in Cluj County, Transylvania, cen-
tral Romania. Since then, seven more locations
were found (Fig. 1): between Coltesti and Iz-
voarele (N 46.40883, E 23.56011, 14.1V.2012, leg. B.
Marké et al)) in Alba County, near Chinteni (N
46.87235, E 23.56003, 21.V.2011, leg B. Mark¢ et
al.), near Savadisla (N 46.65653, E 23.47477,
04.V1.2011, leg. B. Marko et al.), between Tureni
and Micesti (N 46.62551, E 23.64392, 19.V.2012, leg.
B. Marké et al.) and near Visea (N 46.87245, E
23.88208, 07.V1.2011, leg. B. Marké & Zs. Czekes)
in Cluj County, near Sighisoara (N 46.18147, E
24.76574, 23.VI1.2012, leg. B. Marké & K. Erés) in
Mures county and in the Varghis Gorge (N
46.2163, E 25.5507, 04.VI1.2004, leg. S. Cs6sz) near
Varghis in Covasna County, all in Transylvania,
central Romania. In the majority of all known
populations, M. scabrinodis was the only or the
primary host, with the exception of the population
between Micesti and Tureni, where it was found
only on M. rubra (Linnaeus, 1758). At Visea it was
found both on M. scabrinodis and M. slovaca Sadil,
1952, near Coltesti on M. gallienii Bondroit, 1920
and M. rubra as well, while near Sighisoara on M.
ruginodis Nylander, 1846. M. ruginodis is a new
host species for R. wasmannii so far (Espadaler and
Santamaria 2012).

Discussion

Ant-fungus relationships are intriguing study sub-
jects due to the exquisite behavioral and ecological
adaptations displayed by both sides of the sym-
biosis (Schmid-Hempel 1998, Roy et al. 2006).
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Nevertheless, there is a considerable lack of
knowledge not just regarding the details of host-
parasite relationships or fungal morphology and
development, but even basic information such as
host range and geographic distribution (see Es-
padaler & Santamaria 2012). In the framework of
this study we present distribution and host range
data on four myrmecoparasitic fungal species in
Romania. The scarcity of distribution data (e.g. in
the case of Pandora myrmecophaga) or an unusual
bias towards a specific region (e.g. in the case of
Rickia wasmannii) indicates a lack of basic field
studies, which should specifically target potential
host species, as e.g. Myrmica scabrinodis in the case
of R. wasmannii.

There are further species which could be pre-
sent in Romania with considerable probability. La-
boulbenia camponoti SW.T. Batra, 1863 was recently
identified in Bulgaria on Camponotus aethiops (La-
treille, 1798), C. universitatis FOREL, 1890 and C.
pilicornis (Roger, 1859) (Lapeva-Gjonova & San-
tamaria 2011), and one of the locations was very
close to the Romanian Black Sea Coast. Conse-
quently, field surveys targeting specifically Cam-
ponotus species in Southern Romania may yield
the discovery of this seemingly rare parasitic fun-
gus (see Espadaler & Santamaria 2012). The dis-
covery of other Laboulbeniales is also expected.
Herraiz & Espadaler (2007) recently found Laboul-
benia formicarum Thaxter, 1902 on Lasius neglectus
Van Loon, Boomsma & Andrasfalvy, 1990, an in-
vasive ant species of European big cities. Since L.
neglectus is also known from Romania it would be
worth checking the known populations for the oc-
currence of this fungus as well.

Acknowledgments. We are grateful for the help of
Joanna Malagocka, Gyongyi Szigeti and Janos Varga with
the identification of Pandora myrmecophaga. Andras
Tartally kindly offered his help with Rickin wasmannii
distribution data. We are indebted to Xavier Espadaler
and Wojciech Czechowski for their most useful comments
on the manuscript. Zséfia Sz6ke and Levente Pélfi helped
us considerably during our field-work. Eniké Csata was
supported by 30068/21/19.01.2012 excellency research
scholarship of the Babes-Bolyai University and by the
scholarship of Collegium Talentum (Budapest, Hungary),
Zsolt Czekes by grant POSDRU/88/1.5/S/60185, Katalin
Er6s by a doctoral research scholarship of the Balassi
Institute and by the scholarship of Collegium Talentum
(Budapest, Hungary). Balint Markd's work was partially
supported by the joint program of the Polish and
Romanian Academies during the preparation of the
manuscript.

E. Csata et al.

References

Batazy, S. (1993): Entomophthorales. Flora of Poland. Fungi
(Mycota) 24. Polish Academy of Science, Krakow.

Bezdécka, P., Bezdéckova, K. (2011): First record of the
myrmecophilous  fungus Rickin wasmannii  (Ascomycetes:
Laboulbeniales) in Slovakia. Folia Faunistica Slovaca 16(2): 71-
72.

Blackwell, M. (2010): Fungal evolution and taxonomy. BioControl
55:7-16.

Boer, P. (2008): Observations of summit disease in Formica rufa
Linnaeus, 1761 (Hymenoptera: Formicidae). Myrmecological
News 11: 63-66.

Bro Larsen, E. (1952): On subsocial beetles from the salt marsh, their
care of progeny and adaptation to salt and tide. Transactions.
International Congress of Entomology, Amsterdam 1: 502-506.

Buschinger, A., Beibl, J., D'Ettorre, P., Ehrhardt, W. (2004): Recent
records of Myrmicinosporidium durum Holldobler, 1933, a fungal
parasite of ants, with first record north of the Alps after 70 years.
Myrmecologische Nachrichten 6: 9-12.

Cs6sz, S., Lapeva-Gjonova, A., Markoé, B. (2012): New data on the
geographical  distribution and  host  utilization  of
entomopathogenic ~ fungus  Myrmicinosporidium durum
Holldobler, 1933. Journal of Insect Science 12: 129.

Chérix, D. (1982): Note sur la présence d'Aegeritella superficialis Bat.
& Wis. (Hyphomycetales, Blastosporae) sur des espéces du
genre  Formica (Hymenoptera, Formicidae) en Suisse.
Mitteilungen der Schweizerischen Entomologischen
Gesellschaft / Bulletin de la Société Entomologique Suisse 55:
337-339.

Espadaler, X. (1997): Pheidole williamsi (Hymenoptera: Formicidae)
parasitized by Myrmiciniosporidium durum (Fungi) on San
Salvador Island (Galapagos Islands). Sociobiology 30: 99-101.

Espadaler, X., Monteserin, S. (2003): Aegeritella (Deuteromycetes) on
Formica (Hymenoptera, Formicidae) in Spain. Orsis 18: 13-17.

Espadaler, X., Roig, X. (2012): Myrmicinosporidium durum
Holldobler, 1933 (Fungi), an ant endoparasite, in Slovenia. Acta
Entomologica Slovenica 20: 179-182.

Espadaler, X., Santamaria, S. (2012): Ecto- and endoparasitic fungi
on ants from the Holarctic region. Psyche: 2012: art.168478.

Espadaler, X., Wiéniewski, J. (1987): Aegeritella superficialis Bat. et
Wis. and A. tuberculata Bal. et Wis. (Deuteromycetes), epizoic
fungi on two Formica (Hymenoptera: Formicidae) species in the
Iberian peninsula. Butlleti de la Institucié6 Catalana d'Historia
Natural 54 (Sec. Bot. 6): 31-35.

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(3): €17024.

Garcia, F., Espadaler, X., Echave, P., Vila, R. (2010): Hormigas
(Hymenoptera, Formicidae) de los acantilados de I'Avenc de
Tavertet (Barcelona, Peninsula Ibérica). Boletin de la Sociedad
Entomolégica Aragonesa 47: 363-367.

Gemeno, C., Zurek, L., Shal, C. (2004): Control of Herponyces spp.
(Ascomycetes: Laboulbeniales) infection in the wood cockroach,
Parcoblatta  lata  (Dictyopera: Blattodea: Blatellidae) with
benomyl. Journal of Invertebrate Pathology 85: 132-135.

Gongalves, C., Patanita, I, Espadaler, X. (2012): Substantial, and
significant, expansion of ant host range for Myrmicinosporidium
Holldobler, 1933 (Fungi). Insectes Sociaux 59: 395-399.

Herraiz, J.A., Espadaler, X. (2007): Laboulbenia formicarum
(Ascomycota, Laboulbeniales) reaches the Mediterranean.
Sociobiology 50(2): 449-455.

Kamburov, SS., Nadel, D.J., Kenneth, R. (1967): Studies on the
fungus Hesperomyces virescens attacking Chilocorus bipustulatus.
pp. 635-636. In: Research Report, 1965, 1966, Plant Pathology.
Hebrew University, Faculty of Agriculture, Jerusalem.

Lapeva-Gjonova, A., Santamaria, S. (2011): First records of
Laboulbeniales  (Ascomycota) on ants (Hymenoptera:
Formicidae) in Bulgaria. ZooNotes 22: 1-6.



Comprehensive survey of Romanian myrmecoparasitic fungi

Marikovsky, P.I. (1962): On some features of behavior of the ants
Formica rufa L. infected with fungous disease. Insectes Sociaux
9(2): 173-179.

Marko, B., Czekes, Zs., Erés, K., Csata, E., Szasz-Len, A.-M. (2012):
The largest polydomous system of Formica ants (Hymenoptera:
Formicidae) in Europe discovered thus far in Romania. North-
Western Journal of Zoology 8(2): 287-291.

Pascovici, V.D. (1983): O noud entitate in microflora Romaniei:
Aegeritella superficialis Bal. et Wis., 1974 (Hiph., Blastosporae)
parazitd pe speciile din grupa Formica (Hym., Formicidae) [A
new entity in the microflora of Romania: Aegeritella superficialis
Bal. et Wis., 1974 (Hiph., Blastosporae) parasite of Formica
species (Hym., Formicidae)]. Revista Padurilor 98(3): 148-149.
[in Romanian]

Pereira, RM. (2004): Occurrence of Myrmicinosporidium durum in
red imported fire ant, Solenopsis invicta, and other new host ants
in the eastern United States. Journal of Invertebrate Pathology
86: 38-44.

Richards, A.G., Smith, M.N. (1956): Infection of cockroaches with
Herpomyces (Laboulbeniales). II. Histology and histopathology.
Annals of the Entomological Society of America 49: 85-93.

Roy, H.E., Steinkraus, D.C., Eilenberg, J., Hajek, A.E., Pell, ].K.
(2006): Bizarre interactions and endgames: Entomopathogenic
fungi and their arthropod hosts. Annual Review of Entomology
51: 331-357.

Sanchez-Pefia, S.R. Buschinger, A. Humber, R.A. (1993):
Myrmicinosporidium durum, an enigmatic fungal parasite of ants.
Journal of Invertebrate Pathology 61: 90-96.

Santamaria, S. (2001): Los Laboulbeniales, un grupo enigmatico de
hongos parasitos de insectos. Lazaroa 22: 3-19.

Schlick-Steiner, B.C., Steiner, F.M., Moder, K., Seifert, B., Sanetra,
M., Dyreson, E. Stauffer, C., Christian, E. (2006): A
multidisciplinary approach reveals cryptic diversity in Western
Palearctic ~ Tetramorium ants (Hymenoptera: Formicidae).
Molecular Phylogenetics and Evolution 40: 259-273.

Schmid-Hempel, P. (1998): Parasites in social insects. Princeton
University Press, Princeton, New Jersey, USA.

Sosnowska, D., Balazy, S., Prishchepa, L., Mikulskaya, N. (2004):
Biodiversity of arthropod pathogens in the Bialowieza Forest.
Journal of Plant Protection Research 44(4): 313-321.

Strandberg, J.O., Tucker, L.C. (1974): Filariomyces forficulae:
occurrence and effects on the predatory earwig, Labidura riparia.
Journal of Invertebrate Pathology 24: 357-364.

Tartally, A., Sztics, B., Ebsen, J.R. (2007): The first records of Rickia
wasmannii Cavara, 1899, a myrmecophilous fungus, and its

29

Myrmica Latreille, 1804 host ants in Hungary and Romania
(Ascomycetes: Laboulbeniales; Hymenoptera: Formicidae).
Myrmecological News 10: 123.

Turian, G., Wuest, J. (1977): Description complémentaire de
Zoophthora (Entomophthora) myrmecophaga Turian & Wuest, agent
d'une mycose chez Serviformica fusca L. Mitteilungen der
Schweizerischen Entomologischen Gesellschaft / Bulletin de la
Société Entomologique Suisse 50: 285-289.

Vega, F.E, Goettel, M.S., Blackwell, M., Chandler, D., Jackson,
M.A., Keller, S., Koike, M., Maniania, N.G., Monzén, A.,
Ownley, B.H., Pell, ] K., Rangel, D.E.N., Roy, H.E. (2009): Fungal
entomopathogens: new insights on their ecology. Fungal
Ecology 2: 149-159.

Weir, A., Blackwell, M. (2005): Phylogeny of arthropod
ectoparasitic ascomycetes. pp. 119-145. In: Vega, F.E., Blackwell,
M. (eds.), Insect-fungal associations: Ecology and evolution.
Oxford University Press, New York

Wiséniewski, J. (1997): Occurrence of fungus Aegeritella superficialis
Bal. & Wis.,, 1974 on Formica lugubris Zett. in Italian Alps.
Estratto dal Bollettino della Societa Entomologica Italiana 109(4-
6): 83-84.

Wisniewski, J., Buschinger, A. (1982): Aegeritella superficialis Bal. et
Wis.,, ein epizootischer Pilz bei Waldameisen in der
Bundesrepublik Deutschland. Waldhygiene 14: 139-140.

Wisniewski, J., Sokolowski, A. (1983): Nowe stanowiska grzybow
Aegeritella  superficialis Batazy et Erynia
myrmecophaga (Turian et Wuest) Remaudiere et Hennebert na

Wisniewski i

mréwkach w Polsce. [New sites of fungi Aegeritella superficialis
Batazy et Wisniewski and Erynia myrmecophaga (Turian et
Wouest) Remaudiére et Hennebert on ants in Poland.]. Prace
Komisji Nauk Rolniczych i Komisji Nauk Lesnych 56: 137-144.
[in Polish]

Whisler, H.C. (1968): Experimental studies with a new species of
Stigmatomyces (Laboulbeniales). Mycologia 60: 65-75.

*** Index Fungorum. <www.indexfungorum.org, accessed on
2211.2011>





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




