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Abstract—The complex of Diptera (except for Sciaroidea) breeding in the fruit bodies of fungi is analyzed. The
larvae of some species, such as Cecidomyiidae, Platypezidae, Heleomyzidae (Suilliinae), Anthomyiidae (Pego-
mya), Sphaeroceridae, and possibly Phoridae and Syrphidae feed on fresh fungal tissues. The ecological groups of
flies are distinguished with respect to the type of feeding and the way of using fungal fruit bodies as habitat. The
larvae of most groups developing inside the fruit bodies are saprobionts, typically occurring in decaying organic

substrates of various origins.
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The problems related to the colonization of fungal
fruit bodies (also termed carpophores or basidiomes)
by insects have attracted attention of many research-
ers. The interactions between insects and wood-
destroying polypore fungi are mostly addressed in the
literature devoted to forestry. Many publications have
dealt with the composition of insects developing in
pileate fungi. There are extensive data on the species
composition of mycobiont beetles (Krasutskii, 2005,
etc.) and dipterans (Buxton, 1960; Chandler, 1978;
Krivosheina et al., 1986; Yakovlev, 1994; Sev¢ik,
2006, etc.). The review by P.J. Chandler (1978) con-
tained the species list of such dipterans, belonging to
37 families. E.B. Yakovlev (1994) summarized the
published and original data related to the members of
40 dipteran families. By the time of publication of his
review, development in fungi had been reported for
700 Palaearctic species of dipterans. However, most of
the relevant data were represented by mere lists of
species reared from the fruit bodies of fungi. The con-
dition of the fruit bodies at the time of colonization
was almost never specified, with rare exceptions (Bux-
ton, 1960; Chandler, 1978; Krivosheina et al., 1986;
Zaitzev, 1994, 2003). At the same time, compact sub-
strates of varying consistency and time of existence
(carpophores of polypore and pileate macromycetes or
decaying fruit bodies) provide very diverse conditions,
determining the composition of mycobionts.

This communication deals with the complex of dip-
terans whose development, according to the recent
data, is associated with the fruit bodies of fungi. The

terminology used follows that of L. Papp (1976), who
distinguished between the group of macromycophages,
feeding directly on the fruit bodies, and that of micro-
mycophages, feeding on the mycelium.

The entire complex of dipterans occurring in the
fungal fruit bodies (mycobionts) can be subdivided
into several groups:

(1) Obligatory macromycobionts, inhabiting fruit
bodies of various fungi. These forms are endobionts;
their type of feeding is macromycophagy.

(2) Obligatory sapromycobionts, inhabiting decom-
posing fruit bodies. They are endobionts, feeding by
saprophagy.

(3) Facultative mycobionts, living on the surface of
fruit bodies and mycelium. They are epibionts, and
their type of feeding is micromycophagy and possibly
saprosporophagy.

(4) Eurybiont forms, inhabiting fungal substrates in
different states. Their type of feeding is mostly zoo-
phagy, and also necrophagy.

(5) Species visiting the fruit bodies.

Obligatory Macromycobionts Inhabiting Fresh Fruit
Bodies of Soft and Fleshy Consistency

The core of this ecological group is formed by fun-
gus gnats of the families Bolitophilidae and Myceto-
philidae. Their ecological associations are not consid-
ered here, most attention being focused on members of
other dipteran families.
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Little is known on the associations between the lar-
vae of gall midges and pileate fungi'. The fruit bodies
of macromycetes cannot be regarded as the typical
habitat for these flies (Krivosheina, 2006). In particu-
lar, Brachyneura fungicola Mam. was reared from a
russule in Karelia (Krivosheina et al., 1986). However,
a large series of the same species was reared from a
dead and softened fruit body of the sulphur shelf
Laetiporus sulphureus (Mamaev and Krivosheina,
1965). Camptodiplosis boleti (Kieff.) was reared from
the cup fungi Peziza sp., boletes, and agarics (Yakov-
lev, 1994); at the same time, this species was observed
to develop in the semiliquid medium on the fruit bod-
ies of Polyporus confluens. Development of one more
species, C. auriculariae Barn., is associated with
Auricularia (Buxton and Barnes, 1953; Sevé¢ik, 2006),
having large, ear-shaped, gelatinous fruit bodies.

Some species of Sciaridae have been reported as
pests of fungi cultivated in hothouses (Pavlyuchenko,
1981, etc.). However, further research is needed to
clarify if they really feed on the living tissues of the
fruit bodies.

There are vast data in the literature on the relation
of humpbacked flies of the genus Megaselia Rd.
(Phoridae) with soft juicy fungal fruit bodies. These
species were most often recorded in various agarics,
less frequently in boletes. Some species, such as M.
halterata (Wood) and others, were named as harmful
pests of cultivated fungi (Binns, 1980; White, 1981;
Disney, 1981, 1994, etc.).

Platypezidae is the only family of higher dipterans
whose larvae are associated exclusively with fungal
substrates (Buxton, 1960; Brindle, 1961; Krivosheina
and Mamaev, 1967; Krivosheina, 1969; Shatalkin,
1985). Most of them are obligatory inhabitants of the
carpophores.

The larvae of Bolopus (Orthonevra) furcatus (F1L.)
were found in relatively soft carpophores of the
dryad’s saddle (Polyporus squamosus) (Buxton,
1960). We have observed the larvae of this species in
a myxomycete plasmodium in Azerbaijan. The soft
and juicy fruit bodies of agarics and boletes provide
substrates for the larvae of Platypeza Mg. (Dusek,
1962). The species P. consobrina Ztt. was also re-
corded in the stinkhorn Phallus impudicus, and P. fas-

' The names of the fungi are given based on the manuals of M.A.
Bondartseva (1998), L.V. Garibova and S.N. Lukomtseva
(2005), and M. Knoop (2000).
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ciata Mg., in the stump puffball (Buxton, 1960; Brin-
dle, 1961). The studied species of Lindneromyia Kess.
(= Plesioclythia Kess. et Magg.) and Protoclythia
modesta (Ztt.) are also associated with soft and juicy
fungal carpophores. Members of a new genus Kes-
selimyia Vanhara were reared from Lepiota sp. (Van-
hara, 1981). The larvae developed quite rapidly in the
juicy fruit bodies and diapaused as the substrate dried
up. At the same time, Paraplatypeza atra (Mg.) was
recorded both in agarics and polypores (Trametes hir-
suta) (Khalidov, 1984; Yakovlev, 1994). In Moscow
Province, this species was observed to develop in the
fruit body of Lactarius; as the latter decayed, the lar-
vae migrated into the surrounding substrates to pupate.

The larvae of some flower flies of the genus Cheilo-
sia Mg. (Syrphidae) are known to occur in fungal sub-
strates (Buxton, 1960; Dely-Draskovits, 1972; Hack-
man and Meinander, 1979; Khalidov, 1984; Yakovlev,
1994, etc). The most commonly recorded species is
C. scutellata (F11.), whose larvae live mostly in various
boletes, sometimes also in agarics and russules. Asso-
ciations with fruit bodies of boletes have also been
observed for C. longula (Ztt.).

Species of the subfamily Suilliinae (Heleomyzidae)
are typical inhabitants of the fruit bodies. For example,
Suillia affinis (Mg.), S. apicalis (Lw.), S. flavifrons
(Ztt.), S. quadrilineata Czerny, S. oxyphora (Mik), and
others have been recorded in ascomycetes as well as in
boletes, agarics, and russules (Dely-Draskovits, 1972a;
Papp, 1994; Yakovlev, 1994). Such species as Suillia
atricornis (Mg.), S. bicolor (Ztt.), S. pallida (F1l.),
and S. variegata (Lw.) have been found in ascomy-
cetes, including cup fungi and truffles, in xylotrophic
pileate fungi (Cantharellus cibarius, Pleurotus pul-
monarius, etc.), and also in boletes and many agarics.
The condition of the substrate, unfortunately, was not
reported. At the same time, the larvae of S. variegata
(Lw.) were found in soil on the roots of aster
(Andrews, 1945), and those of S. ustulata (Mg.), not
only in truffles but also in dead stalks of elder (Chan-
dler, 1978).

Some species of the genus Suillia R.-D. lay eggs in
the subterranean fruit bodies of truffles: Suillia gigan-
tea (Mg.), S. hispanica (Lw.), S. humilis (Mg.),
S. pallida (FIl.), S. tuberiperda (Rd.), S. ustulata
(Mg.), and Tephrochlamys flavipes (Ztt.). These dip-
terans have acquired specific ecological adaptations
related to the subterranean development of truffles.
For example, the females of Suillia tuberiperda fly
close to the soil surface and lay eggs on the ground
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above the concealed fungal fruit bodies. The newly
hatched larvae are motile and can easily reach the fruit
body (Janvier, 1963).

Development of the larvae of Suillia R.-D. proceeds
rapidly (in 7-8 days) in the fresh fruit bodies of pileate
fungi, usually in the absence of other mycophages.
The larvae pupate in the surrounding substrates.

The larvae of Sphaeroceridae are typical inhabitants
of the various fungal substrates. Some species of this
family, for example, Limosina parapusio Dahl, are
obligatory mycophages (Chandler, 1978; Hackman
and Meinander, 1979). Some species, such as Limos-
ina heteroneura Hal., were recorded only in the fungi
cultivated in hothouses (Chandler, 1978); the condi-
tions of their development were, unfortunately, not
analyzed.

The larvae of root flies of the genus Pegomya R.-D.
(Anthomyiidae) undoubtedly belong to the group of
obligatory mycobionts. The ecological data for differ-
ent species are summarized in the literature
(Krivosheina et al., 1986; Yakovlev, 1994). These flies
generally prefer boletes of the genera Boletus and Lec-
cinum, a number of species having been recorded
only in these fungi: P. fulgens (Mg.), P. furva Ringd.,
P. tabida (Mg.), P. vittigera (Ztt.), etc. However, some
species, such as P. calyptrata (Ztt.), have been found
only in agarics, while P. geniculata (Bouché) has been
reared from soft fleshy fruit bodies of the wrinkled
thimble-cap Ptychoverpa bohemica and some agari-
coid fungi (Chandler, 1978; Yakovlev, 1994, etc.).

This group may also include some species of Phori-
dae and Drosophilidae when the future studies provide
more precise ecological data.

With respect to the type of feeding, the larvae of
these dipterans are obligatory macromycophages.

Obligatory Macromycobionts Inhabiting
Fruit Bodies of Hard Consistency
(Leathery, Suberose, or Woody)

Relatively young fruit bodies of the polypores
Trametes and Fomitopsis pinicola provide substrate
for development of the gall midges Trichopteromyia
Will., Monardia Kieff., and some others (Mamaev and
Krivosheina, 1965; Mamaev, 1968).

Some species of humpbacked flies, for example,
M. lapponica Schmitz, M. virilis Schmitz, M. frameata
Schmitz (=buxtoni Colyer), M. flava FIl., and others,
were reared from fruit bodies of the polypores Fomes
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and Fomitopsis (Krivosheina et al., 1986). The condi-
tion of the fruit bodies was, however, not analyzed.

The larvae of flat-footed flies of the genus Agatho-
myia Verr. are well-known inhabitants of the carpo-
phores of polypores. In particular, the larvae of
A. wankowiczii (Schnabl) form elongated galls on the
lower surface (hymenophore) of the growing fruit
bodies of Ganoderma applanatum (Mamaev, 1972,
etc). Fruit bodies of Trametes provide the most typical
environment for the larvae of Polyporivora Kess. et
Magg. (Kessel et al., 1973).

The carpophores of polypores are colonized on the
initial phases of their development. The same trend is
known in other groups of insects, for example, lepi-
dopterans (Zagulyaev, 1969).

By the type of feeding, these larvae are obligatory
macromycophages, and by their mode of life, they are
endobionts.

Obligatory Sapromycobionts Living
in Decomposing Fruit Bodies

The larvae of winter gnats of the genus Trichocera
Mg. (Harris) were repeatedly recorded in the fungal
substrates (Buxton, 1960; Dely-Draskovits, 1972a;
Hackman and Meinander, 1979, etc.). Development of
T. hiemalis and T. saltator can proceed both in the
dense fruit bodies of Piptoporus or Trametes and in
the soft carpophores of Pleurotus and Sarcodon. The
larvae of T. annulata have been found in the fruit bod-
ies of morels (Ptychoverpa bohemica). At the same
time, the same species have been repeatedly observed
to develop in decomposing leaves and other plant de-
bris, manure, and corpses of vertebrates (Dahl, 1966;
Broadhead, 1980; Krivosheina et al., 1986).

The larvae are sluggish, with terete bodies and mas-
sive, scraper-like mandibles. Such characters suggest
a saprophagous, rather than predaceous, mode of feed-
ing, possibly including sapromycophagy.

There are indications in the literature that members
of some genera of crane flies (Limoniidae) may be
associated with fungal fruit bodies (Lindner, 1958;
Buxton, 1960; Dely-Draskovits, 1972a; Chandler,
1978; Krivosheina et al., 1986). They refer mostly to
species of the genera Metalimnobia Mats., Limonia
Mg., Dicranomyia Stephens, and others. However,
many species of this family also develop in decompos-
ing plant remains. For example, the larvae of Neoli-
monia dumetorum (Mg.), recorded in some agaric
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fungi (Dely-Draskovits, 1972a), also commonly occur
in rotting wood of leaved trees. In Karelia, the larvae
of Discobola annulata (L.) were reared from sac fungi,
the tinder polypore Fomes fomentarius, and agarics
(Yakovlev, 1994); however, these larvae typically
occur in crumby wood, concentrating under detached
bark in the areas penetrated by mycelium.

Adults of Metalimnobia bifasciata (Schr.) have
been reared from fruit bodies of ascomycetes (morels
and saddle fungi) as well as polypores, agarics, bo-
letes, and russules (Buxton, 1960; Hackman and
Meinander, 1979, etc.). At the same time, these larvae
typically occur in the old, strongly decomposed carpo-
phores of polypores and in the dust at their bases. Al-
though the larvae of M. quadrimaculata (L.) are be-
lieved to develop in the fruit bodies of some polypores
and the saddle fungus Gyromitra (Lindner, 1958;
Chandler, 1978, etc.), they typically occur in sap con-
cretions on trunks and stumps, in the brown dust under
the bark of stumps, and in the decomposed wood of
fallen tree trunks. The larvae were also found in the
humid decomposed fruit bodies of Laetiporus sul-
phureus and in the loose old carpophores of Fomes
fomentarius.

The larvae of the genus Ula Hal. are regarded as
typical mycobionts (Brindle, 1967; Chandler, 1978,
etc.). In particular, U. sylvatica (Mg.) have been reared
from a broad range of fungi, from sacs and polypores
to heterobasidial ones; this species was also reported
to develop in the semi-liquid sap under the spruce bark
(cited after Yakovlev, 1994). In the mountain forests
of Tuva, the larvae typically occurred in sap concre-
tions on birch trunks. The larvae of Ula bolitophila
Lw. typically occur in strongly decomposed carpo-
phores of various polypores as well as in some agarics.
In the forests of Vologda Province the larvae devel-
oped in the dark brown dust of fallen spruce trunks
and commonly occurred in strongly decomposed wood
penetrated by mycelium. In the mountain forests of
Tuva, they were recorded in the splits of sapping birch
stumps, and in the Southern Primorye area, in the bark
of dying and fallen trunks of the Amur linden.

Limonia nubeculosa Mg. and U. mollissima Hal.
were reported to be associated with soft fruit bodies of
various polypores, xylotrophic agarics, and boletes
(Chandler, 1978). Besides the fungi, the larvae of
these species typically occur in soil and forest litter.
The larvae of Rhipidia uniseriata Schin. were re-
corded in fruit bodies of Russula nigricans and in de-
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caying wood (Chandler, 1978). In Russia, these larvae
were found in the core of fallen decomposing trunks of
leaved trees: birch, linden, and aspen.

Among moth flies (Psychodidae), the larvae of
Chodopsycha lobata (Tonn.) were reliably shown to
develop in the fresh fruit bodies of Russula sp. This is
the only representative of the family whose larvae are
considered to be obligatory mycophages (Hackman
and Meinander, 1979). This species was also reared
from the carpophores of cup fungi, polypores, and a
number of agarics (Chandler, 1978; Krivosheina et al.,
1986) in varying conditions, and also from horse ma-
nure (Jezek, 1990). The larvae of Psychodocha cine-
rea (Banks.) and P. phalaenoides (L.) develop in de-
composing agaric fungi and other decaying substrates
(Chandler, 1978).

Among the Sciaridae, some species of Scatopsciara
Edw., Bradysia Winn., and Lycoriella Frey have been
reared from fruit bodies of polypores and agarics;
however, they are common inhabitants of decompos-
ing wood (Krivosheina et al., 1986). The larvae of
Epidapus schillei (Borner) (=titan Frey), recorded in
the fruit bodies of Peziza sp. (Yakovlev, 1994), are
most common in the litter.

The biology of the larvae of Sciaridae known as
pests of hothouse cultivars, including fungi, remains
a subject of debate. In particular, the larvae of Ly-
coriella ingenua (Duf.) (=solani Winn.), L. castanes-
cens (Lgd.) (=fucorum Frey), and Bradysia brunnipes
Mg. are well-known pests of plant seedlings and fungi
in greenhouses, while the most common species
L. ingenua has been reared from fruit bodies of vari-
ous disco- and basidiomycetes (Hackman and
Meinander, 1979; Yakovlev, 1994, etc.). The larvae of
L. ingenua also develop in the strobiles of conifers
(Gerbachevskaya and Stadnitskii, 1969) and com-
monly occur in the decomposing wood of leaved trees.
The larvae of Bradysia brunnipes Mg., Lycoriella
ingenua (Duf.), and L. modesta Staeg. (=Sciara frigida
Holm.) are also believed to damage wheat roots, cu-
cumber seedlings, bulbs of Liliaceae, and various stor-
age roots and fruit (Pavlyuchenko, 1981).

The above data mostly refer to plants and fungi cul-
tivated in hothouses, where the fly larvae are common
in organic-rich soil. Unfortunately, their detailed tro-
phic relations remain unknown. It is not exactly clear
whether the larvae feed on the dead parts or the living
tissues of the roots. It is worth noting that some repre-
sentatives of Sciaridae can develop in apples damaged
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by seedworms (Steffan, 1973), thus acting as satellites
of phytophages. It still remains to be confirmed that
some sciarid larvae can feed on fresh fruit bodies. In
general, the species considered above can be charac-
terized as sapro- and probably micromycophages.
Some species appear to be mere satellites of the first-
order consumers.

Among midges of the vast genus Culicoides Latr.
(Ceratopogonidae), only 3—4 species are to a certain
extent associated with fungal substrates. Although the
larvae of Culicoides chiopterus (Mg.), C. obsoletus
(Mg.), and C. scoticus Downes et Kettle have been
reared from carpophores of pileate fungi and some
polypores (Poria) (Glukhova, 1979; Chandler, 1978,
etc.), their most typical environments are decomposing
organic substrates surrounding the decaying fruit bod-
ies, and also manure (Hackman and Meinander, 1979).
The larvae of C. scoticus Downes et Kettle are more
frequently recorded in various fungi (Buxton, 1960;
Dely-Draskovits and Babos, 1993); however, this spe-
cies occurs in humid soil as well.

Among the Scatopsidae, the widespread synan-
thropic species Coboldia fuscipes (Mg.) was found in
decomposing soft fruit bodies (Buxton, 1960; Chan-
dler, 1978; Krivosheina et al., 1986; Yakovlev, 1994).
However, its larvae commonly occur in various plant
remains, manure, litter, and rotting vegetables. In the
Far East, this species developed in wet decaying bast
fibers of fallen Maackia trunks. Although the fly
Scatopse notata L. has been reared from boletes
(Chandler, 1978, etc.), its larvae prefer various de-
composing plant remains, including manure and rot-
ting vegetables. There are also published data on fun-
gal associations of species of the genus Apiloscatopse
Cook: A. flavicollis (Mg.) with the Matsutake fungus
Tricholoma, and A. scutellata (Lw.), with the aphyllo-
phorous fungus Bjerkandera adusta (Buxton, 1960;
Chandler, 1978).

Sylvicola fenestralis (Scop.) (Anisopodidae) has
been reared from decomposing carpophores of agarics,
russules, and Piptoporus (Chandler, 1978; Krivosheina
and Mamaev, 1967). However, the larvae of this spe-
cies are typical inhabitants of decomposing plant re-
mains, including rotting roots, potato haulm, vegeta-
bles, and liquid manure. Sylvicola ductus (Fabr.) has
been reared from the dryad’s saddle (Sevéik, 2006),
the honey mushroom, and a russule (Dely-Draskovits
and Babos, 1993). However, the most common envi-
ronments of the larvae are aggregations of trembling
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fungi on the surface of old fallen trunks of leaved
trees, sap concretions on trunks and stumps, and loose
wood soaked with sap.

In the Russian Far East, the fly Sylvicola japonicus
(Mats.) was reared from decomposing fruit bodies of
the sulphur shelf and Pleurotus sp. growing on elms,
while the larvae of S. matsumurai (Okada) were col-
lected, besides the sulphur shelf, also from a rotting
fruit body of Ganoderma sp. and from sap concretions
on an elm tree.

The biology and trophic relations of the larval
Phoridae remain obscure. E.B. Yakovlev (1994) sum-
marized the data on 36 species of Megaselia Rd. re-
corded in fungal fruit bodies. Unfortunately, almost no
data are available as to the type of feeding of the spe-
cies regarded as mycophagous. Some problems of their
feeding will be considered in a special section.

The larvae of Nemopoda nitidula (F1l.) (Sepsidae)
have been repeatedly recorded in fruit bodies of bo-
letes and agarics, as well as in myxomycete plasmodia
(Chandler, 1978; Yakovlev, 1994). At the same time,
they typically occur in such substrates as manure and
decomposing corpses of vertebrates (Ferrar, 1987;
Ozerov, 1989a, 1989b, 2003).

Some species of Piophilidae, in particular, Mycetau-
lus bipunctatus (F11.) and Amphipogon flavum (Ztt.)
were recorded in fungal fruit bodies (Hennig, 1943;
Zuska and Lastovka, 1965). The larvae of M. bipunc-
tatus develop only in the decomposing fruit bodies
(Chandler, 1978) but may also inhabit bird nests and
decaying wood (Hennig, 1943).

There are scattered data concerning the associations
of Scathophaga furcata (Say) and S. lutaria (F.) (Sca-
thophagidae) with myxomycete plasmodia (Yakovlev,
1994). At the same time, the larvae of S. furcata de-
velop in various kinds of manure (Skidmore, 1978),
i.e., the typical substrate of species of the genus
Scathophaga Mg.

Meoneura neottiophila Coll. (Carnidae) was reared
from the birch bolete (Leccinum scabrum); its larvae
were also reported to develop in bird nests (Hennig,
1937). The adults often visit fruit bodies of fungi, for
example, Pleurotus (Chandler, 1998). The larvae were
shown to be saprophagous (Hackman and Meinander,
1979). It should be noted that some species of the ge-
nus Meoneura Rond. develop in manure and dead
bodies of vertebrates (Ozerov, 1989b).

ENTOMOLOGICAL REVIEW Vol. 88 No. 7 2008
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Many species of Heleomyzidae are typical inhabi-
tants of decomposing fungal substrates. Neoleria
ruficeps (Ztt.) were shown to be associated with the
polypores Fomes fomentarius, Fomitopsis pinicola
(Yakovlev, 1994), agarics, and russules (Buxton,
1960; Chandler, 1978). Heleomyza serrata (L.) devel-
ops in the beefsteak fungus Fistulina (Chandler, 1978)
with soft and juicy annual fruit bodies. This species
was also recorded in excrements, bird nests, and de-
composing plant remains (Skidmore, 1962, etc.). He-
teromyza oculata Fll. develops in xylotrophic fungi
and mammalian burrows (Chandler, 1978; Ferrar,
1987). The flies Tephrochlamys flavipes (Ztt.),
T. rufiventris (Mg.), and T. tarsalis (Ztt.) have been
reared from carpophores of various fungi, from caps to
russules, and also from mammalian burrows, bird
nests, manure, litter, and rotten meat (Buxton, 1960;
Lobanov, 1970; Chandler, 1978; Hackman and
Meinander, 1979; Ferrar, 1987; Yakovlev, 1994).

The larvae of Sphaeroceridae generally prefer rot-
ting fruit bodies of fungi and various decaying sub-
strates. For example, the larvae of Copromyza
fimetaria (Mg.) develop in rotting fungi and corpses
(Chandler, 1978). The larvae of Ischiolepta pusilla
(F1l.) have been recorded in boletes and agarics, in-
cluding cultivated ones, but often occur in other sub-
strates, such as manure (Papp, 1979).

Species of the genus Limosina Macq., in particular
L. claviventris Strobl, L. fungicola Hal., L. clunipes
(Mg.), L. flavipes (Mg.), and others, have been repeat-
edly reared from fruit bodies of various agarics and
boletes, and also from rotting plant substrates, nests of
apoid hymenopterans and rodents, manure, etc. (Papp,
1972, 1979; Chandler, 1978). Puncticorpus cribratum
(Villenv.) may develop, besides the carpophores of
boletes, agarics, and russules (Papp, 1972), also in ant
nests and mouse burrows (Richards, 1930; Hackman,
1967). The fly Leptocera fontinalis (Fll.) has been
reared from the myxomycete Fuligo septica (Buxton,
1960).

Associations with fungal substrates are typical of
some genera of Drosophilidae, namely Drosophila
Fll., Leucophenga Mik, and Stegana Mg. Owing to the
biological specificity of fruit fly larvae (living in lig-
uid substrates), they mostly occur in decomposing
fungi.

According to P.J. Chandler (1978), such substrates
are characteristic of the larvae of D. funebris (FIl.),
D. busckii Coq., and D. subobscura Coll. The former
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species develops, besides ascomycetes, aphyllophores,
and agaricoid hymenomycetes, also in any decompos-
ing plant material, kitchen garbage, and rotting fruit
(Buxton, 1960; Burla and Bachli, 1968; Hackman and
Meinander, 1979, etc.). The fly D. busckii Coq. has
been reared from boletes, agarics, and russules, as well
as Ramaria and Cantharellus (Burla and Béchli, 1968;
Hackman and Meinander, 1979; Dely-Draskovits and
Babos, 1993; Yakovlev, 1994, etc.). However, it also
develops in compost, manure, and rotting fruit. D. sub-
obscura Coll., besides agarics (including Agrocybe
dura), may develop in sap concretions on trees, rotting
fruit, and flowers (Shorrocks and Chalesworth, 1980).

The fly D. cameraria Hal. has been reared from a
wide range of fungi, from polypores to agarics and
russules, and also from the stinkhorn Phallus impu-
dicus (Buxton, 1960; Chandler, 1978). However, some
authors (Dely-Draskovits and Papp, 1973) did not
regard this species as an obligatory mycobiont. The fly
D. repleta Wollast. has been reared from fruit bodies
of gilled fungi (paxil, russule), myxomycete plasmo-
dia, and fermenting sap (Séguy, 1934; Buxton, 1960,
etc.).

The species Scaptomyza pallida (Ztt.) has been
reared from fungi (Dely-Draskovits and Papp, 1973),
but also develops in decomposing plant substrates
(Hackman, 1955).

The larvae of Leucophenga maculata (Duf.) com-
monly occur in old fruit bodies of various fungi,
mostly polypores. The larvae of this species were re-
corded in the old carpophores of Inonotus sp. and
Polyporus squamosus in such regions as Northern
Caucasus, Kunashir and Sakhalin Islands, Southern
Primorye Territory, and also in Kyrgyzstan and Turk-
menia. The species L. quinquemaculipennis Okada
develops in fruit bodies of agarics (OQudemansiella
mucida, Pholiota alnicola) and in old softened carpo-
phores of polypores, including the birch bracket Pip-
toporus betulinus. L. quinquemaculata Strobl was
reared from the same polypore species (Yakovlev,
1994).

Sac fungi and sap concretions provide the environ-
ment for the larvae of Amiota alboguttata (Wahlb.)
(Buxton, 1960; Ferrar, 1987). The larvae of A. albi-
labris (Roth) were discovered in Southern Primorye
Territory under the bark of dying aspen trunks,
where they concentrated in the areas damaged by flask
fungi.
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Based on the presently available data, some species
of the genus Drosophila Fll. may be classified as
obligatory and facultative mycobionts (Shorrocks and
Charlesworth, 1980). Such species as D. kuntzei Duda,
D. testacea Ros., D. transversa Fll., D. phalerata Mg.,
D. confusa Staeg., and some others have so far been
recorded only in soft and juicy fungal fruit bodies
(Dely-Draskovits and Papp, 1973; Krivosheina et al.,
1986). However, they develop in decomposing semi-
liquid fruit bodies.

In Moscow Province, a typical inhabitant of such
substrates is D. phalerata Mg. Its larvae usually ac-
company the first-order consumers—Iarvae of sciaroid
flies. The relations between fruit flies and other myco-
biont groups have not yet been addressed in the litera-
ture.

Micromycophagy is considered to be the prevalent
type of feeding in the larvae of Drosophilidae (Papp,
1976). It should be noted, however, that the larvae of
fruit flies, like all the cyclorrhaphous dipterans, have
external digestion.

Apart from the larvae of Pegomya R.-D., considered
above, the representatives of Anthomyiidae do not
reveal clear associations with fungal fruit bodies. For
example, Anthomyia pluvialis (L.), reared from bo-
letes, agarics, and the gasteromycete Phallus impu-
dicus (Buxton, 1960; Chandler, 1978; Yakovlev,
1994), also develops in decomposing plant remains,
bird nests, egg pods of acridoid grasshoppers, and
corpses (Zimin, 1948). The larvae of A. procellaris
Rd., commonly occurring in decaying plant remains,
bird nests, rotting fruit, and carrion, were also found in
the soft fruit bodies of such fungi as Pleurotus,
Tricholoma, and Agaricus (Khalidov, 1984; Ferrar,
1987, etc.). Unfortunately, the condition of the fruit
bodies was not specified.

A similar situation is observed in the genus Delia
R.-D. The onion fly Delia antigua (Mg.), a well-
known pest of bulbous plants, was repeatedly reared
from various agarics, such as Armillariella mellea, and
russules (Elberg, 1981). The flies D. florilega (Ztt.)
and D. platura (Mg.) are known as common seedling
pests in greenhouses. However, the former species was
reported to have been reared from boletes, and the
latter, from fresh plasmodia of the myxomycete Fuligo
(Buxton, 1954; Chandler, 1978; Krivosheina et al.,
1986; Yakovlev, 1994).

The larvae of many anthomyiid species, developing
in decomposing plant material, manure, wasp and bee
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nests, are usually regarded as sapro- or coprophages
(Lobanov, 1962, etc.). The conflicting reports of the
same species being observed to develop in fungal fruit
bodies, living plants, and decomposing organic sub-
strates may be explained by the fact that these species
act as satellites of the phytophages utilizing the decay-
ing phytomass.

Among the Fanniidae, 10 species of the genus Fan-
nia R.-D. and 2 species of the genus Piezura Rd. were
observed to develop in fungal fruit bodies (Lyneborg,
1970; Yakovlev, 1994; Rozkosny et al., 1997; Pont,
2000). However, all of these species except P. gra-
minicola (Ztt) typically occur in sap concretions and
hollows of tree trunks, in rotting wood and dust under
the bark of dead and dying trees, decaying plant mate-
rial, litter, compost, nests and burrows of rodents,
nests of birds and hymenopterans, manure, and
corpses.

The larvae of F. canicularis (L.), F. difficilis
(Stein), F. manicata (Mg.), F. melania (Duf.), and
F. scalaris (F.) are most common in carpophores of
various pileate macromycetes. Development was ob-
served only in the decomposing fungi (Chandler, 1978,
etc.). At the same time, F. canicularis and F. scalaris
may cause myiases in man and animals (Zimin, 1948;
Stackelberg, 1956).

There are no direct observations of any species of
Fanniidae developing in the fresh tissues of fungal
fruit bodies. Their larvae use the fungi, as other or-
ganic substrates, during the period of intense decom-
position.

Among the Muscidae, the larvae of the common sy-
nanthropic fly Stomoxys calcitrans (L.) were recorded
in the king bolete and a russule (Chandler, 1978).
However, these larvae typically occur in decomposing
plant remains, horse and cow manure, garbage, straw
and hay litter mixed with excrements (Porchinskii,
1910; Zimin, 1948; Derbeneva-Ukhova, 1952).

The common synanthropic species Musca domes-
tica L. was reported to have been reared from Peziza
sp. and Russula delica (Khalidov, 1984; Yakovlev,
1994). However, the larvae of this species usually
develop in decaying substrates of both plant and ani-
mal origin. They were observed in manure, human
feces, and kitchen garbage (Zimin, 1948; Derbeneva-
Ukhova, 1952). We have repeatedly reared this fly
from decomposing fruit bodies of various pileate
fungi.
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The data presented in this section show that the vast
group of dipterans usually regarded as typical inhabi-
tants of fungal fruit bodies actually consists of species
developing in various decomposing substrates, includ-
ing fungal ones. They should therefore be considered
saprobionts in the broad sense. It would hardly be
correct to regard the forms typically occurring in de-
composing substrates of plant and fungal origin, as
mycobionts, since most of them are evidently sapro-
phages. However, it is quite possible that the larvae
developing in the substrate surrounding the rotting
fruit bodies may feed on the decomposing mycelium.
Mycelium has been regarded as the main food source
for the larvae of Sciaridae (Kennedy, 1974; Binns,
1975, etc.) and Sphaeroceridae (Papp, 1976). The fact
that some species can develop in organic material of
animal origin, including carrion, may indicate ele-
ments of necrophagy.

The larvae of Gaurax Lw., Tricimba Lioy, and
some other members of the Chloropidae are common
inhabitants of fungal fruit bodies. The fly Tricimba
fungicola Dely-Drask. was reared from the fruit bodies
of boletes, russules, and agarics, and 7. lineella (FIl.),
from puffballs, chanterelles, agarics, and russules as
well as from living plant tissues. Although 7. cincta
(Mg.) was reared from the fruit bodies of hymenomy-
cetes (mostly agarics), this species was also reported
to occur in weakened plants, dying grass shoots, and
damaged polypores (Dely-Draskovits, 1972a, 1983;
Chandler, 1978; Nartshuk, 1987, etc.). The larvae of
Gaurax dubius (Macq.) occur in old fruit bodies of
polypores (Smith, 1964; Chandler, 1978; Qkland and
Hagvar, 1994), under the bark, and can be frequently
found in the tunnels of bark beetles (Nartshuk, 1987).
The fly G. fascipes Beck., reared from fungal sub-
strates, was also observed under the bark of dying tree
trunks and in bird nests (Smith, 1964, 1967). Fiebrig-
ella palposa (Fll.) was reported to develop in fruit
bodies of the brown cap bolete (Khalidov, 1984) and
egg pods of acridoid grasshoppers (Séguy, 1934). The
larvae of this species were also observed to feed as
predators in aphid colonies.

Some species of Chloropidae act as satellites of
first-order consumers, colonizing the plants only after
they have been damaged by other insects. For exam-
ple, the larvae of Lasiosina cinctipes (Mg.) are satel-
lites of the phytophagous larvae of many species of the
same family, such as Chlorops pumilionis (Bjer-
kander), which damages grasses (Nye, 1958; Wendt,
1968). Colonization of the stems damaged by primary
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phytophages is typical of the larvae of Eribolus
longulus (Loew) and E. nanus (Zett.) (Valley and
Foote, 1997). A similar mode of life was observed in
the larvae of some representatives of Lauxaniidae,
Syrphidae, and Lonchaeidae (Krivosheina, 1987).

The presence among Chloropidae of a number of
species topically associated not only with fungal fruit
bodies but also with decaying substrates of varying
origin may be explained by their role as satellites of
macromycophagous species. The satellites usually
differ from the first-order consumers by being sapro-
or coprophages. If the ecology of such species is insuf-
ficiently known, they may be erroneously regarded as
macromycophages.

Facultative Mycobionts Living on the Surface
of the Fungal Fruit Bodies and Mycelium
(Epibionts)

There are published data on the association of the
larvae of the biting midges Forcipomyia Mg. (Cera-
topogonidae) with fruit bodies of asco- and hymeno-
mycetes (Yakovlev, 1994, etc.). For example, For-
cipomyia ciliata (Winn.) was reported to be associated
with fruit bodies of Gyromitra esculenta, Thelephora
terrestris, and also boletes, agarics, and russules
(Saunders, 1924; Buxton, 1960). However, this species
was also found in various decomposing plant remains
and in rotting wood under the bark (Krivosheina and
Mamaev, 1967).

The larvae of Forcipomyia Mg. usually occur on the
surface of decomposing woody substrates, in the tun-
nels made by xylophilous insects, and in various cavi-
ties in the wood. The larvae concentrate in the areas
containing mycelium or fruit bodies of lower ascomy-
cetes. The epibiotic way of life of these larvae is
largely correlated with their morphology: the presence
of long, often branching outgrowths which may ex-
ceed half the body length. With such morphological
features, it would be impossible for the larvae to live
inside the carpophores.

With respect to the type of feeding, the larvae are
saprosporophages, and possibly micromycophages.

There are occasional reports of flat footed flies of
the genus Callomyia Mg. having been reared from
agarics of the genus Macrolepiota (Khalidov, 1984).
However, the larvae of this genus are obligatory epibi-
onts, developing on the mycelium film. They have
wide, strongly flattened bodies with specific branching
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lateral outgrowths (Krivosheina and Mamaev, 1967),
excluding the possibility of endobiotic development.

With respect to the type of feeding, these larvae are
micromycophages.

The associations between the larval gall midges
(Cecidomyiidae) and the fruit bodies of fungi have
been largely misinterpreted in the literature. For ex-
ample, Porricondyla media Spungis was reared from
the morel Ptychoverpa bohemica (Yakovlev, 1994),
even though its larvae were also recorded in litter and
soil cavities (Spungis, 1982). The larvae of porri-
condyline midges have slightly flattened bodies with
long upright dorsal papillae, which prevent the larvae
from living within the substrate. For the same reason,
our previous report of adult Porricondylinae having
been reared from fungal fruit bodies, in particular Pe-
ziza sp. (Krivosheina et al., 1986), appears to be erro-
neous.

Although Bryomyia Kieff. and Peromyia Kieff.
(Lestremiinae) were reported to have been reared from
Piptoporus betulinus (Yakovlev, 1994), the larvae of
these genera possess well-developed, branching dorsal
papillae, clearly indicating an epibiotic mode of life.
The larvae of Peromyia fungicola (Kieff.) were found
to develop on the surface of the fruit bodies of Lac-
tarius sp., while the larvae of P. monilis Mam. were
observed in a mold film on wood. Epibiotic biology is
characteristic of the larvae of Lestremia cinerea
Macq., which occur on the surface of various pileate
fungi as well as on brown wood and moldy foliage
(Mamaev and Krivosheina, 1965; Chandler, 1978).
The species of Lestremiinae are typical epibionts,
which accounts for their broad topical associations.

Eurybionts, Inhabiting Fungal Substrates
in Different States

This group includes the dipteran species whose lar-
vae are zoophagous.

Among Scenopinidae, Dolichopodidae, and Em-
pididae, most of which have predaceous larvae, topical
associations with fungal substrates are infrequent. In
particular, the larvae of Scenopinus sibirica Kriv. oc-
cur in old dry fruit bodies of polypores (Krivosheina,
1982) as well as in dry wood dust in stumps and trunk
hollows. Although there there is evidence of S. fenes-
tralis (L.) developing in polypore fruit bodies, the
larvae of this species normally occur in very diverse
environments, feeding on insect larvae (Chandler,
1978).

N. KRIVOSHEINA

The larvae of the dance fly Tachypeza nubila (Mg.)
were recorded in the fruit bodies of various polypores
(e.g., Bjerkandera sp.), agarics, paxils, the ascomycete
Daldinia, and under tree bark (Chandler, 1978). The
larvae of Drapetis nigritellus (Ztt.) were found in
a myxomycete plasmodium but also occur in old cow
manure (Laurence, 1953).

The larvae of Medetera apicalis Ztt. (Dolichopodi-
dae) develop in the fruit bodies of the oyster mush-
room Pleurotus cornucopiae, and those of Medetera
impigra Coll., in the polypore Abortiporus biennis
(Buxton, 1960). The latter species also commonly
occurs in the tunnels of bark beetles and other xylobi-
ont insects (Krivosheina, 1974). The larvae of Doli-
chopus cruralis Wahlb. were recorded in the xylotro-
phic polypores Postia sp., and also in the brown cap
bolete (Yakovlev, 1994).

The larvae of house flies (Muscidae) developing in
fungi are usually zoophagous (Karl, 1928; Hennig,
1964; Skidmore, 1985, etc.).

The predaceous larvae of Hydrotaea dentipes (F.),
H. armipes (F1l.), and Phaonia R.-D. (Muscidae) can
be found in the fresh fruit bodies of pileate fungi. The
former two species also occur in manure, carrion, and
other decaying organic remains (Porchinskii, 1910,
1911; Zimin, 1948; Stackelberg, 1956; Lobanov,
1984). The larvae of Phaonia gobertii (Mik) may be
associated with [lnonotus hispidus (Chandler, 1978)
but usually occur under the bark of dying tree trunks,
feeding on various xylophilous insects (Skidmore,
1985). The larvae of P. subventa (Harr.) [= variegata
(Mg.)] were recorded in decomposing agarics, poly-
pores (Inonotus, Polyporus), rotting wood, wasp nests,
and even in corpses (Chandler, 1978). According to
the published data (Buxton, 1960; Dely-Draskovits
and Mihalyi, 1972; Chandler, 1978), P. rufiventris
(Scop.) (=populi Mg.) develops in chanterelles as well
as in various agarics and russules. However, the larvae
of this species typically develop in decomposing or-
ganic substrates, including carrion, and also in loose
rotting wood of leaved trees, where they act as satel-
lites of the larvae of Tipulidae, Rhagionidae, and other
dipterans. The larvae of some species, for example,
P. trimaculata (Bouché) are usual satellites of the
phytophages developing on crucifers; they were ob-
served to develop in cabbage, following its infestation
by the phytophagous larvae of Delia radicum (L.)
[=brassicae (Wied.)] and aphids (Uffen and Chandler,
1978).
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The predaceous larvae of Muscina levida (Harr.)
[=assimilis (F11.)] and M. stabulans (F1l.), recorded in
sac fungi, polypores, agarics, boletes, and russules
(Buxton, 1960; Chandler, 1978, etc.), also live in de-
composing materials of plant and animal origin (Por-
chinskii, 1910, 1913; Zimin, 1948).

Species of the genus Mydaea R.-D. are also associ-
ated with decomposing fruit bodies, mostly of pileate
fungi, and with decaying plant remains (manure) (Bux-
ton, 1960; Dely-Draskovits and Mihalyi, 1972; Hack-
man and Meinander, 1979). The adults lay eggs di-
rectly on the surface of the fruit bodies, usually on the
hymenophore. According to A.M. Lobanov (1977,
1984), some of the species recorded in fungi develop
in cow manure. For example, M. cornu (Scop.)
(=scutellaris R.-D.) was reared from russules, manure,
and excrements. The species M. humeralis R.-D.
[=tincta (Ztt.)] was reared from the fruit bodies of cup
fungi and various agarics, but also from excrements
and rotting wood. The larvae of M. urbana (Mg.) were
recorded in the saddleback fungus, the stinkhorn, rus-
sules, and even in manure (Buxton, 1960; Lobanov,
1977; Yakovlev, 1994). According to the data of
I.A. Porchinskii (1910), the larvae are predaceous.

Some specific biological features of the larvae of
humpbacked flies (Phoridae) are considered below.
A number of species, such as M. giraudi (Egg.),
M. pulicaria Fll., M. hirtiventris (Wood) and others,
can develop, besides fungal fruit bodies, also in bee
nests, dead insects and mollusks, manure, etc. (Disney
et al., 1981; Krivosheina et al., 1986), and also in in-
florescences of the plantain (Disney, 1994; Disney and
Evans, 1990). The larvae of M. rufipes (Mg.) were
recorded in the fruit bodies of cap fungi (lorchel),
boletes, russules, agarics, and even gasteromycetes,
such as the stinkhorn (Buxton, 1960; Yakovlev, 1994,
etc.). This species also develops in various decompos-
ing substrates, including rotting fungi. In addition, it
was reared from the xylobiont larvae of the beetles
Thanasimus formicarius L. and Blastophagus (Myelo-
philus) piniperda L. (Morge, 1956). The fly M. fra-
meata Schmitz was reared from the fruit bodies of
xylotrophic fungi, varying in consistency from soft-
leathery to spongy-suberose (Buxton, 1960; Disney,
1994, etc.). However, its larvae also inhabit the tun-
nels of bark beetles, often co-occurring with the larvae
of Sciaridae and feeding on the dead larvae and pupae
(Morge, 1956).

The larvae of some species of Megaselia Rd. feed
as predators or necrophages, consuming aphids and
eggs of slugs, coccids, and spiders (Schmitz, 1949;
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Yarkulov, 1972; Disney and Evans, 1979, etc.). The
complex of species parasitizing the larvae and pupae
of xylophilous insects, including such dipterans as
Bibionidae, Sciaridae, and Tipulidae (Disney, 1980,
1997; Gemesi and Disney, 1991), is well known. We
repeatedly observed development of these species in
the larvae of Sciaridae. In fact, all the representatives
of Phoridae reared by us from decomposing fungi and
wood were parasites of dipteran larvae.

According to the published data, the larval trophic
spectrum of humpbacked flies is considered to be very
broad: from sapromycophagy to necro- and zoophagy.
However, there is increasing evidence that these larvae
prefer organic materials of animal origin (Disney,
1979). Feeding by necrophagy is not restricted to in-
vertebrates, since some species can develop in corpses
of warm-blooded vertebrates (Disney, 1974). Necro-
and zoophagy may well represent the predominant
types of feeding in this family.

A similar situation is observed in the larvae of Lon-
chaea Fll. (Lonchaeidae). The larvae of L. chorea (F.),
L. laticornis Mg., and Setisquamalonchaea fumosa
Egger were recorded in fungi (Chandler, 1978, etc.). In
particular, L. chorea (F.) was reared from fresh plas-
modia of the myxomycete Fuligo septica (Chandler,
1978). However, the larvae of this species normally
occur in such organic-rich substrates as rotting vegeta-
bles or cow manure (Hennig, 1953; Lobanov, 1962,
etc.). Although the larvae of S. fumosa were found to
be associated with the fruit bodies of the fly agaric and
the stinkhorn (at the “egg” stage), they more typically
develop in decomposing plant remains.

The larvae of most species of Lonchaea Fall. are
necro- and zoophagous. They reveal close topical as-
sociations with phyto- and xylophagous larvae of di-
pterans, beetles, and lepidopterans, after which they
colonize the substrates. Therefore, these larvae may
form topical, but not trophic, associations with fungal
fruit bodies.

Zoophagy, often including elements of necrophagy,
allows the species to develop in very diverse sub-
strates. In the fungi, such species act as satellites of
macromycophagous mycobionts, i.e., as second-order
consumers, and may only provisionally be regarded as
mycobionts. No species exclusively associated with
fungal substrates have so far been found.

Species Visiting the Fungal Fruit Bodies

There is a relatively large group of dipterans whose
adults visit the fruit bodies of fungi.
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The adults of Acartophthalmus nigrinus (Ztt.)
(Acartophthalmidae) were recorded as visitors of the
polypore fruit bodies (Chandler, 1978). Fresh fruit
bodies of Pleurotus are visited by A. bicolor Old.
(Chandler, 1998), whose larvae develop in corpses of
vertebrates (Ozerov, 1987). The polyporous fungi are
visited by members of the family Odiniidae: Odinia
boletina (Ztt.) and O. maculata (Mg.) (Chandler,
1978). The larvae of these species are predaceous and
occur in the tunnels made by various xylophagous
insects (Krivosheina, 1979).

The species Anthomyza albimana (Mg.) (Antho-
myzidae) should be regarded merely as a visitor of
fungi (Dely-Draskovits, 1972b; Chandler, 1978),
rather than included in the list of species developing in
the fungal fruit bodies (Yakovlev, 1994).

The specific carrion odor emitted by the stinkhorn
Phallus impudicus efficiently attracts such dipterans as
Calliphora R.-D., Lucilia R.-D. (Calliphoridae), Dry-
omyza flaveola (F.), Neuroctena anilis Fll. (Dryo-
myzidae), and others, whose larvae develop in decom-
posing animal substrates (Smith, 1956). E.B. Yakovlev
(1994) erroneously suggested that these species devel-
oped in Phallus. Unfortunately, the insects visiting the
fungal fruit bodies are often mistakenly described as
typical mycobionts.

CONCLUSION

Fungi occupy a special position in the system of the
living organisms, combining some characters of both
animals and plants. With respect to chemical composi-
tion (Vasil’kov, 1966; Martin, 1979), the fungal fruit
bodies contain a complete set of nutrients needed for
the development of both phytophagous and zoophag-
ous insects. This is why the same species of dipterans
can develop in different decomposing organic sub-
strates including fungal ones. The presence of toxins
in the fruit bodies of some fungi, for example, Ama-
nita, does not prevent insects from developing in them
(Hackman and Meinander, 1979).

Based on the specific composition of mycobiont in-
sects developing in fungal fruit bodies, some authors
suggested that the association of a macromycete might
be considered as a specific consortium (Beklemishev,
1951; Ostroverkhova, 1984). E.B. Yakovlev (1985)
suggested that the mycelium with all its fruit bodies
should be regarded as the core of the consortium.
Without going into terminological discussion, it
should be emphasized that the complex of organisms
inhabiting living carpophores is specific enough to be
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studied separately.

Rapid preimaginal development is a necessary adap-
tation for the species inhabiting the fruit bodies of
agaric fungi. This feature is observed both in the lower
nematoceran families (Bolitophilidae, Mycetophilidae)
and in representatives of the higher cyclorrhaphous
dipterans. Development of many species of Pegomya,
which are obligatory mycobionts, may take no more
than 10 days (Hackman and Meinander, 1979).

One more ecological feature observed in some my-
cobionts inhabiting short-living agaricoid fruit bodies,
is delayed development of eggs laid in the fresh sub-
strate. This phenomenon is typical of the insects asso-
ciated with the fruit bodies of Phallus impudicus
(Smith, 1956). Of the few species inhabiting this fun-
gus, the eggs of Drosophila busckii Curt. have been
found on the growing fruit body. However, the larvae,
preferring decomposing substrates (Basden, 1952),
hatch only when the fruit body is decaying.

According to our observations of isolated fresh fruit
bodies, development of the larvae of Psychodidae,
Scatopsidae, and Drosophilidae started only after the
decomposing substrate became liquid. Therefore, these
dipterans laid eggs on the fruit bodies while they were
fresh. It remains unknown whether the saprophages
can develop in the absence of macromycophages, fa-
cilitating decomposition of the fruit bodies.

To summarize, the following points should be
made. Among the dipterans ecologically and trophi-
cally associated with fungal fruit bodies, only several
families include true macromycophages, whose larvae
consume living tissues of the fruit bodies and thus
belong to the first-order consumers.

Based on the scarce data, a specific group of mac-
romycophage satellites can be distinguished. They
have mostly saprophagous larvae living in the dam-
aged fruit bodies. This group comprises some species
of Sciaridae, Chloropidae, Sphaeroceridae, and possi-
bly Anthomyiidae.

The largest group is that of the species topically as-
sociated with decomposing substrates. Most species
from various families, regarded as mycobionts in the
literature, are in fact saprobiont forms which may util-
ize fungal substrates in the same way as they use other
decomposing organic materials of plant or animal ori-
gin.

It remains unknown if there are obligatory mycobi-
ont dipteran species feeding as zoophages, i.e., acting
as the second-order consumers. Most of the zoophag-
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ous forms recorded in fungal fruit bodies typically
occur in many other substrates as well.
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