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Abstract Laboulbeniales is an order of more than 2000 species of small ascomycete fungi which are ectoparasites of
insects, millipedes and mites. They are often highly hostspecific and often are also highly specific with regard to which
body parts they infect. Laboulbeniales from millipedes are
particularly poorly known—only 12 species have been described until now, mostly from Europe. Here, we describe
the first laboulbeniaceous parasites from blaniulid millipedes:
Troglomyces bilabiatus from Acipes spp., Troglomyces
pusillus from Iberoiulus cavernicola Ceuca, 1967 and
Troglomyces triandrus from Archiboreoiulus palidus (BradeBirks, 1920). The generic description of Troglomyces is
emended. Different types of site specificity of the three new
parasites, as well as of previously described species, are explained in terms of aspects of host biology: mating behaviour
and habitat. Species from epigean hosts tend to show a high
degree of site specificity suggesting transfer during host copulation, whereas most species from cave hosts show no pronounced site specificity and are probably transferred via the
substrate. Possible roles of host defensive secretions and parthenogenesis in relation to infection with Laboulbeniales are
briefly discussed.
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Introduction
Fungi of the order Laboulbeniales are ectoparasites of terrestrial or freshwater arthropods. The vast majority of
Laboulbeniales (about 2050 species, De Kesel and
Haelewaters 2014) have been recorded from beetles, dipterans, a few other insect groups and mites. Laboulbeniales
spend their entire life cycle on the host. It is not known how
they affect the host, although despite the tiny size of the thalli
(usually <0.5 mm), heavily infected hosts are probably somewhat physically impeded. For a parasite, transfer from one
host to another is a crucial phase in the life cycle. For
Laboulbeniales, three main avenues of transfer have been suggested: (1) by direct contact between host individuals during
copulation (Benjamin and Shanor 1952; Scheloske 1976a, b),
(2) by direct contact between hosts in gregarious species (De
Kesel 1993, 1995) and (3) indirectly, by spores surviving in
the substrate (Arwidsson 1946; Lindroth 1948; Andersen and
Skorping 1991).
Until recently, only eight species of Laboulbeniales
were known from millipede hosts. Santamaria et al.
(2014) added another four species, and subsequent, still
unpublished studies have revealed quite a variety of
Laboulbeniales parasitizing millipedes (Diplopoda). In
the present report, we describe three further new species
of the genus Troglomyces S. Colla, parasitizing millipedes
belonging to three genera of the family Blaniulidae which
until now was not known as hosting Laboulbeniales. These
findings necessitate an emendation of the diagnosis of the
genus. Two of the new fungi parasitize epigean species
whereas the third is a parasite of a cave millipede. The
three fungal species exhibit interesting differences in location on the body which allow inferences about the mode of
transmission of the fungus and about relations between
modes of transmission and the millipedes’ habitat.
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Material and methods

Results

Most studied millipede hosts were found in collections
and had been preserved in 70 % ethanol. Fresh specimens of Archiboreoiulus pallidus (Brade-Birks, 1920)
were hand-collected in backyards, gardens and a seminatural deciduous forest near Copenhagen (Denmark).
Thalli of the new Troglomyces were located by examining the millipedes in a dissecting microscope. The thalli
are recognizable thanks to their black ‘feet’ which are
easily seen on the pale yellowish background of the
millipede (Fig. 4). A semi-quantitative assessment of
the number of thalli on different body parts was made,
but due to the very small size of the fungi, exact numbers could not be obtained this way. The assessment of
the distribution of the fungi on the millipede body
therefore remains largely qualitative.
Permanent slides of fungi were prepared following the
method described by Rossi and Santamaria (2014) which
equals that of Benjamin (1971) with a few modifications.
Photomicrographs were made with a Jenoptik
ProgRes 10 Plus digital camera on a Leica DMR microscope equipped with differential interference contrast
(DIC) optics.
P e r m a ne n t s l i d e s a r e de p o s i t e d i n t h e B C B
Mycotheca of Universitat Autònoma de Barcelona
(BCB slides), Unité d’Entomologie fonctionelle et
évolutive, Gembloux Agro-Bio Tech, Université de
Liège, Belgium (FUSAGx) and in the Mycological Collection Herbarium of the Natural History Museum of
Denmark, University of Copenhagen (C-F slides). Millipede specimens with attached fungi are kept in the Zoological Collections of the Natural History Museum of
Denmark (ZMUC), Muséum National d’Histoire
Naturelle, Paris (MNHN), University Museum of Bergen, Norway (ZMUB), Naturhistorisches Museum, Vienna (NMW), the private collections of Norman Lindner,
Leipzig, Germany (LINDNER) and Hans Reip, Jena,
Germany (REIP) and in the institutional collection of
S. Santamaria (BCB). Additional millipede specimens
were examined from the Royal Belgian Institute of Natural Sciences (RBINS), the Finnish Museum of Natural
History (FMNH), the Manchester Museum (MM) and
the Museum für Naturkunde, Berlin (MfN).
Specimens for scanning electron microscopy (SEM) were
in most cased critical point dried from absolute alcohol. In
some cases, they were cleaned with ultrasound before drying,
and in some cases, they were air-dried after transfer to acetone
via absolute alcohol. The mounted specimens were examined
with a JEOL Field Emission Scanning Electron Microscope,
JSM 6335 F.
Nothing in this paper is relevant to considerations of Human and Animal Rights.

Taxonomy
In a recent paper (Santamaria et al. 2014), data on
Laboulbeniales parasitizing millipedes were summarized
and updated. Four genera and 12 species of fungi are
involved. In this work, we deal with the genus Troglomyces.
This genus was described by Colla (1932) on the basis
of a single species, Troglomyces manfrediae S. Colla.
Eighty-two years later (Santamaria et al. 2014), two
more species were added, and here, we describe another
three new species, emend the generic description as well
as provide a key. All known species of Troglomyces
parasitize millipedes of the families Julidae and
Blaniulidae (order Julida).
Troglomyces S. Colla, Nuovo Giorn. Bot. Ital. 39: 450
(1932) emend. Santam. et Enghoff
Receptacle three-celled, with superposed cells I, II and III.
Suprabasal cell of receptacle (II) flattened and extending upward on one side of the perithecium. Upper cell of receptacle
(III) narrow, several times longer than broad, adnate to the side
of the perithecium, reaching one half or beyond its height.
Primary appendage including one to several antheridia, either
consisting of single phialides located on the upper inner angles
of appendage cells or being an entire appendage cell itself.
Efferent necks of antheridia pointing toward the perithecial,
i.e. ventral side, of the thallus. Perithecium with five outer wall
cells in each vertical row (exceptionally with a sixth additional
cell in one row). Perithecial apex bearing four conspicuous
lobes corresponding to the apical wall cells of each row. Parasites on millipedes.
Type species: Troglomyces manfrediae S. Colla
Currently, the genus includes six species. Colla’s original
description, based only on the single type species, was too
synthetic, and some characteristics were disregarded. Later
publications corrected this condition and added new information (Rossi and Balazuc 1977; Santamaria et al. 2014). The
characteristics published by Colla were used by Tavares
(1985) in the generic key of her monograph. We have
emended the original description of the genus to broaden
and refine some characteristics such as those relating to the
antheridial structures.
Key to species of Troglomyces
1. Lower cell of primary appendage bearing one or more
antheridia....................................................................2.
Lower cell of primary appendage without antheridia, which are always on the second and/or more distal
cells.............................................................................4.
2. Only a single antheridium located on a wedge-shaped
supporting cell separated from distal inner corner of lower cell of primary appendage...........................................3.
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More antheridia, which are grouped in one or
two bunches of four to six phialides arranged in a
cross- or star-like pattern, on lower cell of appendage and, less commonly, also on the second. On
Leptoiulus............................................T. botryandrus
3. Appendage always bifurcate above the second cell. A
trapezoidal small cell at the base of the inner appendage
branch separated by an oblique septum from the adjacent
lower cell. On Ophyiulus. .....................................T. rossii
Appendage unbranched (very rarely branched). If
branched, other characters not as above. On Typhloiulus
and Trogloiulus............................................T. manfrediae
4. Three antheridia superposed on the third, fourth and
fifth of cells the appendage (rarely the second, third and
fourth). On Archiboreoiulus. ..........................T. triandrus
Only the second cell of appendage (rarely also the
third) functions as an antheridium..................................5.
5. Perithecial tip with two of the four apical wall cells
protruding and elongated like two lips or ligulae. On
Acipes.............................................................T. bilabiatus
Perithecial tip with four similar protruding apical wall
cells. On Iberoiulus............................................T. pusillus
Troglomyces bilabiatus Santam.et Enghoff, sp. nov.
Figs. 1a, 2a–e, 5d-e
MycoBank no.: MB#810238.

Fig. 1 SEM images of perithecial
details in Troglomyces species.
All arrows point to the collar-like
structure below the perithecial
apex, except for b where the
arrow points to the trichogyne
stump. a Troglomyces bilabiatus.
Scale bar 2 μm. b Troglomyces
botryandrus. Scale bar 20 μm. c
Troglomyces manfrediae. Scale
bar 5 μm. d Troglomyces rossii.
Scale bar 2 μm. e Troglomyces
triandrus. Scale bar 2 μm. f
Troglomyces triandrus. Scale bar
5 μm
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Diagnosis This species differs from its congeners by the two
elongated lips protruding through the perithecial apex.
Description Thallus hyaline. Basal cell (I) (without considering the blackened foot) obconical, as long as broad to distinctly broader than long, strongly narrowed above the foot.
Suprabasal cell (II) more or less flattened, broadened where
in contact with cell I, gradually narrowing towards distal end,
below cell III from which it is separated by a horizontal septum. Upper cell of receptacle (III) very narrow, sometimes
pointed towards the distal end, about four times longer than
broad, laterally adnate to perithecium, with its distal part
reaching about the median height of the perithecium. Primary
appendage unbranched, consisting of up to five elongated
cells, the apical one being narrower than the others; forming
an angle of about 45° to about 90° with the main axis of the
thallus, depending on the inclination of the primary septum.
The second cell of appendage (rarely also the third) represents
the antheridium itself, giving rise to a more or less conspicuous efferent neck on its distal inner corner. Perithecial stalk
cell (VI) minute, very flattened, wedge-shaped, located slightly below the level of the septum between the cells II and III.
Perithecium pyriform, with the neck abruptly distinguished
above the inflated venter, slightly bent towards the dorsal
margin, asymmetric and showing a small protuberance near
the apex. Perithecial tip with two of the four apical wall cells
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Fig. 2 DIC photographs of
Troglomyces bilabiatus (a–e),
T. botryandrus (f) and
T. manfrediae (g). a–b Fully
mature thalli where arrows point
to the collar-like structure under
the perithecial apex. c Although
ascospores are seen inside the
perithecium, this is not still open
because its apex appears blocked
with a plug (arrow). Some cells
are labelled: I basal cell, II
suprabasal cell, III upper cell of
receptacle, VI perithecial stalk
cell, a primary septum. d
Immature thallus showing the
trichogyne (tr), the antheridium
(an) and the remains of the
ascospore apex (sx). e Paired
mature thalli showing the
antheridia (an). f Perithecial apex
detail with trichogyne stump
(arrow). g Perithecial apex detail
showing the collar-like structure
(arrows). All scale bars 20 μm,
except for e and f: 25 μm

protruding through a collar-like structure like two elongated
lips or ligulae. Trichogyne unbranched and filiform.
Length from foot to apex of perithecium (54-) 58–72 μm.
Perithecium (including basal cells) 39–50 ×14–18 μm.
Primary appendage (from primary septum to apex, undamaged) 31–46 μm.
Etymology L., bilabiatus is referring to the two elongated lips
on the perithecial apex.
Holotype MADEIRA: Rabaçal, 1000 m, on the ventral
part of the third body ring of a female of Acipes
atlanticus Attems, 1937 (Diplopoda, Blaniulidae) collected in a laurisilva dominated by Erica, under bark
flakes and moss pads, 23 November 1980, H. Enghoff
& O. Martin leg. (slide C-F 92228).
Isotype Same host and data than the holotype (slide BCB-SS·
E562a).

Other specimens examined MADEIRA: On four other female
hosts with same data as holotype and isotype
(ZMUC00029484, slides BCB-SS·E561a, BCB-SS·E561b,
BCB-SS·E563a, BCB-SS·E563b). Same collecting data except under dead bark of Laurus tree, same host, on body ring
7, at the base of the gonopods of a male and on the ventral part
of the third to sixth body rings of a female (ZMUC00029478).
MADEIRA: Faja da Nogueira, north side, ca. 800 m,
laurisilva with giant Ocotea trees, 18 November 1980, H.
Enghoff & O. Martin leg., on body ring 7 of a male of
A. atlanticus (ZMUC00029488, slide BCB-SS·E560). Same
collecting data, on body ring 7, at the base of the gonopods of
a male and on the ventral part of the third body ring of a female
of Acipes serratus Enghoff, 1983 (Diplopoda, Blaniulidae)
(slides BCB-SS·E564a, BCB-SS·E564b). Same collecting
data, same host, on body ring 7, at the base of the gonopods
of a male and on the ventral part of the third body ring of two
females (ZMUC00029476). MADEIRA: Queimadas, 6–
800 m, laurisilva, under moss on Laurus tree, 21 November,
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1980, H. Enghoff & O. Martin leg., on the ventral part of body
ring 3 of two females of A. atlanticus (ZMUC00029480).
MADEIRA: Boca da Encumeada, 500 m N of the pass,
900 m, laurisilva scrub, u. bark and stones, 19 November
1980, H. Enghoff & O. Martin leg. (ZMUC00029486).
TENERIFE: Anaga Mts, Hoya Ijuana, 1 km East from
Chinobre, ‘Barranco’ Ijuana, 800 m, on body ring 7, at the
base of the gonopods of a male of Acipes franzi (Loksa, 1967)
collected under log, 3 February 1989, A. & H. Enghoff leg.
(slideBCB-SS·E565). Same locality, 4 March 1987, in big
log, A. & H. Enghoff leg., on body ring 3 of two females of
A. franzi (ZMUC29482).
Comments According to the position of thalli on the hosts and
the evident relation of the mating behaviour with the infection
of fungi (see below), it was expectable that this species might
have some degree of thallial dimorphism depending on the
host sex, as occurs in many other species (Scheloske 1976a,
b; Rossi and Kotrba 2004; Rossi and Proaño Castro 2009;
Santamaria and Faille 2009; Santamaria et al. 2014). However, in T. bilabiatus, dimorphism is not strongly noticeable,
only the thalli growing on females are slightly stouter. The
species is well distinguished by the two lips (two apical outer
wall cells) protruding conspicuously from the perithecial apex
(Fig. 2a).
Troglomyces pusillus Santam.et Enghoff, sp. nov. Fig. 3a,
b, d, e
MycoBank no.: MB #810239.
Diagnosis This species differs from its congeners by the
strongly curved ventral side of the thalli, by the overall small
size, including the narrow perithecium, and by the very elongated primary appendage if undamaged.
Description Thallus hyaline. Basal cell (I) (without considering the blackened foot) obconical, short, as long as broad.
Suprabasal cell (II) variable, from very flattened to trapezoidal
in shape. Upper cell of receptacle (III) about four times longer
than broad, with subparallel margins, slightly broadened distally where it reaches about the two thirds of the perithecium
height. Primary appendage unbranched (rarely branched once
above the second cell), very elongated if undamaged,
consisting of several elongated cells; forming an angle of
about 45° with the main axis of the thallus depending on the
inclination of the primary septum. The second cell of the appendage represents the antheridium itself, which gives rise to a
more or less conspicuous efferent neck on its distal inner corner. Perithecial stalk cell (VI) minute, inconspicuous and
wedge-shaped. Perithecium fusiform, narrow, ventral margin
strongly convex, dorsal margin straight to slightly concave,
overall shape showing an inflated venter and gradually tapering towards the perithecial tip. Neck not abruptly distinguished. Perithecial tip with the four apical wall cells slightly
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protruding through a collar-like structure. Trichogyne broken
in all specimens studied.
Length from foot to apex of perithecium 52–60 μm. Perithecium (including basal cells) 30–41×9–13 μm. Primary appendage (from primary septum to apex, undamaged) 58–77 μm.
Etymology L., pusillus is referring to small size of the thalli.
Holotype SPAIN: Cádiz, Villaluenga del Rosario, cave VR-9,
spread over the body rings of a female of Iberoiulus
cavernicola Ceuca, 1967 (Diplopoda, Blaniulidae), 19 May
2013, Grupo de Investigaciones Espeleológicas de Jérez
(GIEX) leg. (slide C-F 92229).
Isotypes Same host and data as holotype (slides BCB-SS·
2678a, c).
Other specimens examined SPAIN: On several male hosts of
I. cavernicola with same data as holotype and isotypes (slides
BCB-SS·2679 ac) and same data but different collecting date
(28 July 2013) (slides BCB-SS·2680ab, SS·2681).
Comments This species is scattered on body rings and legs of
its hosts. Although it has no very striking characteristics, its
overall morphology well distinguishes it from other
Troglomyces species. The most similar species is T. bilabiatus
which may, however, easily be separated from T. pusillus by
differences in the shape of the perithecium and by the long and
unequal perithecial lips of the former.
Troglomyces triandrus Santam. et Enghoff, sp. nov.
Figs. 1e–f, 3f–j
MycoBank no.: MB #810240.
Diagnosis This species differs from it congeners by the three
superposed antheridia in the primary appendage.
Description Thallus hyaline. Basal cell (I) (without considering the blackened foot) twice longer than broad, gradually
broadened towards the distal end. Suprabasal cell (II) falcate
if seen in optical section, very narrow towards the ventral side
of the thallus, whereas elongated at the dorsal side, approximately as long as broad. Upper cell of receptacle (III) strongly
narrowed, slightly broadened distally, under the primary septum, about four times longer than broad, reaching about three
fourths to four fifths of perithecium height. Primary appendage unbranched, consisting of up to nine cells, the basalmost
four to five cells squarish, the two to three distalmost ones
elongated. Appendage basal cell slightly longer than broad.
Three antheridia superposed, formed by the third, fourth and
fifth cells of the appendage, each giving rise to a more or less
conspicuous efferent neck on their distal inner corners. Perithecial stalk cell (VI) small, narrow and fusiform. Perithecium pyriform to fusiform, with neck relatively well
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Fig. 3 DIC photographs of Troglomyces pusillus (a, b, d, e), T. rossii (c)
and T. triandrus (f–j). a Paired mature thalli showing the collar-like scars
under and around the perithecial apex (arrows), with antheridium (an),
and cells I, II and III labelled. b Mature thallus showing the collar-like
structure under the perithecial apex (arrows), some cells (I, II, III and VI)
as well the primary septum (a) labelled. c Detail of perithecial apex with
collar-like structures pointed out with arrows. d Immature thallus
showing the trichogyne (tr) and the antheridium (an). e Slightly
immature thallus where the the perithecial apex opening appears

blocked with a plug (arrow). f High magnification of antheridia where
in the lowermost, a spermatium being released through the neck can be
seen (asterisk). g Mature thallus with the characteristic three superposed
antheridia (an) and the primary septum (a) labelled. h Thallus with the
perithecium showing the still attached plug on the perithecial apex
(arrow) and the three superposed antheridia (an) on the appendage. i–j
Two different focus levels of perithecial apex to show the collar-like
structure, plus the inner wall cells (p) being focused in j. Scale bars a,
b, d, e, f, i and j 20 μm, others 25 μm

distinguished above inflated venter. Perithecial tip with
the four apical wall cells protruding through a collarlike structure. Trichogyne broken in all specimens
studied.
Length from foot to apex of perithecium 76–101 μm. Perithecium (including basal cells) 44–59×18–25 μm. Primary
appendage (from primary septum to apex, undamaged) up to
69 μm.

Birks, 1920) (Diplopoda, Blaniulidae) collected in an old garden at Lyngbyvej, 1 June 1972, H. Enghoff leg. (slide C-F
92230).

Etymology L., triandrus is referring to the three antheridia
that can be found superposed in the primary appendage.
Holotype DENMARK: NE Zealand, Copenhagen, Gentofte,
on the head of a female of Archiboreoiulus pallidus (Brade-

Other specimens examined (all on A. pallidus). DENMARK:
on the head of several males and females from NE Zealand,
Copenhagen, Gentofte, Kildeskoven, 16 October 1972 (slide
BCB-SS·E555ac) and 2 September 1972 (slide BCB-SS·
E566). Copenhagen, Nørrebro, 4 October 2013 (slide BCBSS·E552ab). Copenhagen, Utterslev mose, 29 October 1972
(slide BCB-SS·E554ac). Copenhagen, Hellerup, spring 1995
(slide BCB-SS·E567), all H. Enghoff leg. Numerous additional specimens on males and females from the same localities (ZMUC-00029436, ZMUC-00029437, ZMUC-
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00029438, ZMUC-00020653, ZMUC-00029442, ZMUC00020443, ZMUC-00029450, ZMUC-00029451, ZMUC00029452, ZMUC-00020656).
BELGIUM, no exact locality: on and at basis of antennae
of three females (slide FUSAGx-A/11); 14+ thalli on right
mandible, 7+ thalli on right antennomere 2, 18+ thalli on right
antennomere 3, 3 thalli on right antennomere 4, 1 thallus on
right third leg of a male; 1 thallus on right antennomere 4, 1
thallus on right antennomere 6, 13+ thalli on left antennomere
2, 2+ thalli at base of left antenna, 35+ thalli in group on upper
head capsule, 2–3 thalli on gnathochilarium, 11+ thalli on
right first leg, 7+ thall on right second leg, 3+ thalli on right
third leg of a female (slide FUSAGx-A/12—these are the most
heavily infected specimens seen at all); on right mandible of a
male (slide FUSAGx-A/14); on antennae and base of antennae
of four females (slides FUSAGx-A/16 and FUSAGx-A/17).
FRANCE: on mandibles and gnathochilarium of a male, on
second antennomere of a female, A36, Belfort, Aire de la
Forêt, 6° 57.36′ E, 47° 39.90′ N, 365 m, 4 October, 2004, H.
Reip leg. (REIP); on mandible, gnathochilarium and head
capsule of a male, Neuville sur Ain (Ain), Puits de la Rappe
(Grotte), 4 December 1986, M.L. Turquin leg.(MNHN).
GERMANY: on at at base of antennae of two females,
Harz, Bad Harzburg, 13 August 2007, N. Lindner leg.
(LINDNER).
NORWAY: at base of antenna of a female, Hordaland,
Kvinnherad, Rosendal, 28 May 1969, R. Larsen
leg.(ZMUB-C-7781); at base of antennae of a female, same
locality, 15 August 1968, B. Meidell leg.(ZMUB-C-7784); at
base of antennae of two females, same locality, 22 May 1969,
B. Meidell leg.(ZMUB-C-7786); at base of antennae of female, same locality 18 June 2000, feltkurs leg.(ZMUB-C13201); at base of antennae of two females, Hordaland,
Vaksdal, Dale, 7 June 2009, S. Simaiakis leg. (ZMUB-C18206); on head capsule of male, Sogn og Fjordane,
Høyanger, Lavik, 31 May 2009, S. Simaiakis leg.(ZMUBC-18207); on and at base of antennae of a female, on head
capsule of a male, on mandible of another male, Hordaland,
Os, Mobergsvika, 14 June 2009, S. Simaiakis leg.(ZMUB-C18208).
SPAIN: one poorly developed thallus on gnathochilarium
of a male, Catalunya, Camprodon, road towards Rocabruna,
2° 26.56′ E, 42° 20.47′ N, 960 m, cattle meadow, 3 October
2004, Hans Reip leg. (REIP)—the identity of the fungus is
uncertain, but the record of A. pallidus is the first from Spain.
Comments This species grows on parts of the head of its host
which contact during mating behaviour (see below). There are
no differences between thalli from males and female hosts.
The three seriate antheridia on the primary appendage distinguish this species from any other. These antheridia may rarely
also be formed by the second, third and fouth cells of the
appendage. The perithecial tip may be straight to slightly bent.
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Remarks on the genus Troglomyces based on SEM imaging
studies
The utilization of scanning electron microscopy (SEM) only
reveals characteristics on the surface of the fungi. Because of
this, use of SEM in the study of Laboulbeniales has so far been
exceptional (Weir and Beakes 1996; Weir and Hughes 2002;
Santamaria et al. 2014). However, SEM images show interesting 3D representations of the specimens, which are only
available with great difficulty on photographs taken with dissecting microscopes. Of course, some details are better seen
with SEM, like the occurrence of outgrowths in perithecium
or holes in the insect cuticles revealing the entrance of
haustoria (Weir and Beakes 1996).
Specimens of the currently known six species of
Troglomyces were prepared for SEM observation which
revealed an interesting feature: As can be seen in Fig. 1
(arrows, except for Fig. 1b), a subtle collar-like structure is seen below the perithecial apex, under the four
protruding lips which match with the typical four apical
perithecial wall cells of Laboulbeniales thalli. This characteristic is hardly seen with standard optical microscopes and will only be revealed using some sort of
contrast, like DIC or phase contrast (PC), under 1000×
magnification with immersion oil (see Figs. 2a, b, g, 3a,
b, c, i and j; arrows). We have confirmed that five out
of the six species in the genus have this characteristic
which is not known in any other species of
Laboulbeniales. The ‘collar’ might be related to a scar
which probably appears by some kind of break in this
area of perithecia, a hypothesis supported by the protrusion of the four apical perithecial lips through the gap.
The single species of Troglomyces that lacks this trait is
T. botryandrus (Fig. 1b, f); the reason for this may be
that in T. botryandrus, the trichogyne appears laterally,
and the scar of its remains is likewise lateral (Figs. 1b
and 2f, arrows). In the five other species, the trichogyne
is terminal, and mature thalli lack the ‘trichogyne
stump’. In immature thalli of these five species, after
trichogyne degeneration, the standard trichogyne remnant is replaced with something like an apical ‘plug’
(Figs. 2c, 3e and h; arrows). When perithecia, i.e. thalli,
mature, this plug is presumably lost, shot away, the
outermost perithecial wall expands, and the four perithecial apical wall cells protrude through the new opening.

Hosts and host specificity
The hosts of the three Troglomyces species described here all
belong to the almost exclusively west Palaearctic family
Blaniulidae which comprises small, thin, cylindrical millipedes, mostly less than 1 mm in diameter.
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Troglomyces triandrus
The host of T. triandrus is Archiboreoiulus pallidus (BradeBirks, 1920) (length 9–15 mm, diameter 0.4–0.7 mm). It is
quite widespread in Europe, from northern Spain to Scandinavia and east to southern Russia, and has been introduced to
North America (Kime and Enghoff in prep.). It is a soil animal
which performs vertical annual migrations (Biernaux and
Baurant 1964). The life cycle of A. pallidus has not been
studied in detail but by comparison with the closely related
Blaniulus guttulatus (Fabricius, 1798) (see Brookes and Willoughby 1978), with which A. pallidus frequently co-occurs,
postembryonic development probably takes several years.
A. pallidus is often found in sites heavily influenced by human
activities, including parks, gardens and agricultural land
where it can be a minor pest on crops such as sugar beets
(Pierrard and Biernaux 1974). Much of its wide distribution
is probably due to anthropochory. It is usually not very abundant, but there are exceptions: Lohmander (1925) reported it
as common in the Gothenburg region of Sweden, and it is
abundant in some parts of Belgium (Breny and Biernaux
1966; Kime 2004). All-female, presumably parthenogenetic
populations of A. pallidus have been found in Sweden and
Finland (Lohmander 1925; Palmén 1949), Russia
(Prisnyi 2001) and Canada (Kevan 1983). The genus
Archiboreoiulus includes two species: A. pallidus and
A. sollaudi Brolemann, 1921.
Troglomyces bilabiatus
Hosts of T. bilabiatus are Acipes atlanticus Attems, 1937,
A. serratus Enghoff, 1983 and A. franzi (Loksa, 1967). They
are all quite small: 6–20 mm long, 0.4–0.9 mm in diameter.
The former two species are endemic on the island of Madeira
where they are commonly found under bark and in dead wood
in the laurel forest (Enghoff 1983); A. franzi is endemic on the
Canary Islands and has been found in forests as well as in
more open habitats (Vicente and Enghoff 1999). The genus
Acipes contains a further eight species from Madeira (including Porto Santo) and the Iberian Peninsula (Enghoff and
Reboleira 2013).
Troglomyces pusillus
The host of T. pusillus is Iberoiulus cavernicola Ceuca, 1967,
a poorly known cave-dwelling species from southern Spain. It
is somewhat bigger than the other host species, up to 31 mm
long and 1.25 mm in diameter (Enghoff and Reboleira 2014).
Host specificity
After the incidental first discovery of T. triandrus in a Copenhagen backyard in 2013, a very large number of blaniulid
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millipedes, belonging to the genera Acipes Attems, 1937,
Alpiobates Verhoeff, 1911, Archiboreoiulus Brolemann,
1921, Archichoneiulus Brolemann, 1921, Blaniulus Gervais,
1836, Boreoiulus Brolemann, 1921, Choneiulus Nemec,
1895, Cibiniulus Verhoeff, 1927, Iberoiulus Ceuca, 1967,
Nopoiulus Menge, 1851, Occitaniulus Mauriès, 1965,
Orphanoiulus Silvestri, 1903, Proteroiulus Silvestri, 1897,
Ta r r a c o b l a n i u l u s M a u r i è s a n d Vi c e n t e , 1 9 7 7 ,
Thassoblaniulus Mauriès, 1985 and Vascoblaniulus Mauriès,
1967, were examined. Apart from those described here, the
only specimen with Laboulbeniales seen was a Proteroiulus
hispanus Schubart, 1959 on which numerous black feet but no
developed thalli were seen on the head, antennae, anterior legs
and anterior body rings. This specimen was collected in September 2013 from traps set in the mesovoid shallow substratum in Spain, Sierra Nevada, Barranco de Veleta and kindly
placed at our disposal by José Domingo Gilgado, Universidad
de Alcalá.
It is particularly noteworthy that T. triandrus was not found
on the only other species of Archiboreoiulus, A. sollaudi
Brolemann, 1921 (MNHN, 19 adult males and females examined). It is also noteworthy that this fungus was never found
on B. guttulatus (Fabricius, 1798) and Boreoiulus tenuis
(Bigler, 1913) because these species are very often found together with A. pallidus; B. guttulatus in particular is often very
abundant, and all three species may be found on the same few
cm2 of soil, e.g. under a stone.
No fungi were found on other species of Acipes than the
ones mentioned above. The absence of fungi from A. waldeni
Enghoff, 1983, is noteworthy, since this species occurs in the
same forests on Madeira as A. atlanticus and A. serratus but
unlike these two species lives in the litter layer.

Infection rates
T. triandrus has been found on specimens of its host coming
from several countries, see Table 1. Although the material at
hand hardly allows statistical testing, it seems that the incidence of the fungus varies considerably (Table 1), Denmark
being the most ‘infected’ country with an infection rate of
63 %. The large Swedish material studied mostly comes from
the Gothenburg region, but considering the abundance of
T. triandrus in Denmark and Norway, it most likely occurs
in other parts of Sweden.
The number of thalli per infected individual varies from
one up to an impressive 75+ thalli on a female from Belgium.
This female is infected with (thallus numbers are minima) 1
thallus on right antennomere 4, 1 on right antennomere 6, 13
on left antennomere 2, 2 at base of left antenna, 35 in a tight
group on upper part of head capsule, 2 on gnathochilarium, 11
on right leg 1, 7 on right leg 2 and 3 on right leg 3. The most
heavily infected male, also from Belgium, has minimally 14
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The incidence of Troglomyces triandrus on Archiboreoiulus pallidus in different countries

Country

No. of studied adult
specimens (samples)

No. – percentage of
infected specimens

Males in
material

Repositories of
host millipedes

Belgium
Denmark
Finland
France

23 (3)
47 (22)
22 (2)
39 (4)

9 – 39 %
30 – 63 %
0–0%
3–8%

Yes
Yes
No
Yes

FUSAGx, MfN, RBINS
ZMUC
FMNH, NMG
MNHN, REIP

Germany
Norway
Russia
Spain
Sweden
UK
USA

19 (4)
36 (18)
4 (1)
1 (1)
>300 (1)+44 (13)
15 (7)
5 (1)

2 – 11 %
10 – 28 %
0–0%
1? – 1 %?
0–0%
0–0%
0–0%

Yes
Yes
No
Yes
Yes
Yes
No

MfN, LINDNER
ZMUB
ZMUC
REIP
NMG, ZMUC
MM, ZMUC
ZMUC

The double entry for Sweden in the column ‘No. of studied specimens’ refers to one very large sample and the sum of the remaining samples studied

on right mandible, 7 on right antennomere 2, 18 on right
antennomere 3, 3 on right antennomere 4 and 1 on right leg 3.
The fungus was never found on immature specimens.
Troglomyces bilabiatus The infection rate is quite low. No
exact counts have been made, but the numbers of infected
specimens found (3♂, 9♀ of Acipes atlanticus, 3♂, 3♀ of
A. serratus and 1♂, 2♀ of A. franzi) can be compared with
the total number of specimens studied by Enghoff (1983) and
Vicente and Enghoff (1999): 92♂ and 252♀ of A. atlanticus,
118♂ and 217♀ of A. serratus and ‘numerous specimens’ of
A. franzi. All males and many of the females in these materials
were screened for Troglomyces, as were numerous subsequently collected specimens.
The number of thalli per infected individual is quite low,
maximum 4, in A. serratus and A. franzi, but on the slightly
larger A. atlanticus, there may be more, the maximum being
~30 thalli on a female.
The fungus was never found on immature specimens.
Troglomyces pusillus In the studied population of
I. cavernicola, the infection rate with T. pusillus is 100 % on
adult hosts (9 males, 12 females examined). The number of
thalli per host varies from two to more than a hundred.
Also, immature host specimens are infected, although
at a smaller rate. Thus, four of six subadult females and
six of seven subadult males were infected, four of ten
smaller younger juvenile females and three of ten younger juvenile males were infected, whereas only one
among 21 smaller (unsexed) juveniles was infected.
The numbers of thalli on immature hosts was generally
lower than on adults.

Many specimens of I. cavernicola were also infected with a
fungus very much resembling the Amphoromorpha morph of
Basidiobolus Eidam (Blackwell and Malloch 1989). This fungus is attached to the host with a dark ‘foot’ like T. pusillus but
can be recognized because the foot is larger and brown rather
than black as in T. pusillus.
Site specificity on host
Troglomyces triandrus This fungus species is highly site-specific. See Table 2. All thalli were found in the anterior end of
the millipedes (head, collum, body rings 2–4, leg pairs 1–3).
In infected males, they were almost always present on the
mandibles, less frequently on adjacent body parts. In infected
females, they were almost always present on the antennae
(especially on antennomere 2) and on the head capsule, just
at the base of the antennae, rarely on other body parts.
Troglomyces bilabiatus This species is just as site-specific as
T. triandrus, but it infects other body parts. On male hosts,
thalli were invariably located on the ventral parts of body ring
7, next to the base of the copulatory organs (gonopods); the
only exception being two thalli on the gonopods themselves in
a male with a total of 18 thalli. On female hosts, the vast
majority of thalli were located on the ventral parts of body
ring 3, close to the gonopore; a few thalli were found
on the ventral parts of other body rings just in front of
or behind ring 3.
Troglomyces pusillus Unlike the previous two species,
T. pusillus does not show a high degree of site specificity,
neither in immature nor in mature hosts. The majority of thalli
were irregularly distributed on the body rings, from the collum
(first body ring) to the last ring, and even in one case, a thallus
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Distribution of Troglomyces triandrus on the body of Archiboreoiulus pallidus

Males, Denmark (N=15)
Males, other countries (N=7)
Females, Denmark (N=15)
Females, other countries (N=18)

Mandibles

Gnathochilarium

Head capsule

Antennae

Collum

Body rings 2–4

14
5
1

3
3
1
1

3
2
15
15

4
1
14
10

3

2

Legs 1–3

1
1
1

Entries are number of specimens with one or more thalli on the body part in question. Most infected specimens had thalli on several body parts. On the
head capsule, most thalli were found at the base of the antennae; on the antennae, thalli were mostly on antennomere 2

was found on the growth zone just in front of the telson. A
weak tendency to a higher concentration of thalli in the anterior end of the body could be seen. Smaller numbers of thalli
were found on the legs, and in a few host specimens, thalli
were also present on the antennae and gnathochilarium.

Discussion

all respects to those of other genera (Tavares 1985). In
Coreomyces, however, the outer wall surrounding the perithecium is that of the receptacle itself, not that formed around the
perithecium as it grows. This presence of an outer cell wall
enclosing the perithecium may be considered an analogy to
what we have found for some species of the genus
Troglomyces, although the two genera seem to be only distally
related. Further studies are needed to understand this unusual
characteristic.

Morphology of the perithecium
Previously to the present study, there was no doubt that the
wall of perithecial wall cells in itself constitutes the outermost wall of the perithecium, but in five species of
Troglomyces, an ‘extra’ outer wall seems to envelop all
the perithecium. In Fig. 3j of T. triandrus Santam and
Enghoff, a relatively thick wall can be seen covering the
perithecium, being especially conspicuous at the left side
of the photograph. What is the origin of this outer wall? If
we follow successive developmental stages of these fungi,
definitely established by Tavares (1985), this wall might
belong to the perithecial initial cell, but it has never been
demonstrated that its own original wall was retained after
the successive divisions of the cell. Further divisions form
cells with their own walls. This explanation requires inner
divisions to occur, retaining the outer wall cell of the ‘mother
cell’ which is, however, in strong disagreement with the conventional developmental rules (Tavares 1985). An alternative
explanation would be that this wall belongs to the trichophoric
cell which subtends the trichogyne.
The mentioned development rules, clearly established by
Tavares (1985), described most perithecia in Laboulbeniales
as ‘normal perithecia’ when borne externally. An exception
can be found, otherwise, in the genus Coreomyces, where the
perithecium is borne inside the top of the receptacle,
destroying cells as it grows, with the outer receptacle cell wall
enclosing the perithecial wall cell rows. Thaxter (1908) noticed this unique characteristic of Coreomyces in the formation
of the perithecium internally, within the outer wall of the primary axis. Thaxter referred to the structure as a
pseudoperithecium, a term not accepted by subsequent authors because it is in fact a true perithecium, comparable in

Inferences about modes of transfer
Troglomyces triandrus
The distribution of thalli strongly suggests that transfer happens during courtship/copulation. Copulation in A. pallidus
has not been described, but Mauriès (1969) studied the closely
related species Blaniulus lorifer (Brolemann, 1921). In
B. lorifer, the male uses his strongly modified mandibles to
grip the female’s antennae before inserting his gonopods
(modified legs on body ring 7) into the female gonopore (located on body ring 3), see Fig. 6. Like in B. lorifer, and indeed
most other species of Blaniulidae, the male mandibles of
A. pallidus are modified: The basal and middle segment
(cardo and stipes) of the three-segmented mandible each bear
a projection, and the two projections in combination form a
pair of parrot bill-like forceps, one on each side of the head
(Figs. 4 and 5). There is no reason to believe that courtship and
copulation in A. pallidus differs from that observed in
B. lorifer. The thalli of T. triandrus are strongly concentrated
on exactly those body parts which come into contact
during the millipedes’ ‘love kiss’: the male mandibles
and the female antennae (and the head capsule at the
base of the antennae), see Fig. 6. This inference is supported by the fact that T. triandrus has never been
found on an immature millipede nor has it been found
on millipedes belonging to male-less, supposedly parthenogenetic populations. (Admittedly, the number of studied females from male-less populations is not very high,
and T. triandrus is also absent from several male-rich
populations, notably in Sweden.)
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Fig. 4 A freshly killed male
Archiboreoiulus pallidus with a
group of T. triandrus (arrow) on
the right mandible. Inset: close-up
of mandibular ‘parrot bill’ and
fungi. Scale bar 0.5 mm

Troglomyces bilabiatus
The distribution of thalli strongly suggests that infection takes
place during copulation; however, unlike the situation with
T. triandrus and A. pallidus, not during the initial courtship
phase but while the male gonopods are inserted into the female gonopore.
Troglomyces pusillus
The diffuse distribution of thalli, as well as their occurrence on
immature as well as mature hosts, suggests that infection takes
place via the substrate rather than during copulation. The
higher incidence (infection rate, number of thalli per host
specimen) on adult hosts may be a function of size, longevity
and activity level of the different stadia of the host: As a rule of
thumb, the length of individual post-embryonic stages of arthropods increases through ontogeny (Minelli and Fusco
2013), and available evidence suggests that this is specifically
true in millipedes (Blower 1974; Voigtländer 1987). Furthermore, immature millipedes are obviously less active than
adults, as evidenced by the generally observed predominance
of adults in pitfall samples.
Mode of transfer in relation to habitat
Although millipedes sometimes appear in dense masses, such
behaviour is not known for the family Blaniulidae; we therefore focus on direct transfer during courtship/copulation vs.
indirect transfer via the substrate.
Of the three Troglomyces species described here, one
(T. pusillus) has a cave-dwelling host and shows no site specificity on the host, suggesting parasite transfer via the substrate. The two others (T. triandrus and T. bilabiatus) have
epigean hosts and show very strong site specificity strongly
suggesting parasite transfer during host copulation.

Considering that Laboulbeniales in general prefer a humid
environment and that caves present stable, generally humid
conditions, the conclusion lies near that our findings represent
a general pattern: Site-specific fungi with sexual transfer on
epigean hosts and non-site specific fungi with substrate-borne
transfer in caves. Widening the view to other Troglomyces
species (Table 3), the cave-dwelling T. manfrediae shows no
strong site specificity, but the two epigean species, T. rossii
and T. botryandrus, show a similar lack of site specificity.
Although all known Troglomyces species with strong site
specificity and inferred transfer during host copulation have
epigean hosts, Troglomyces species without strong site specificity and with inferred transfer via the substrate have
been found on cave-dwelling as well as epigean millipede species (Table 4).
Outside the genus Troglomyces, the three described species
of Diplopodomyces are all cave-dwelling and parasitize millipedes of the order Callipodida, but whereas two of the species
show no site specificity, suggesting substrate-borne transmission, Diplopodomyces veneris shows very pronounced site
specificity, strongly suggesting sexual transfer (Santamaria
et al. 2014).
Five millipede-parasitizing species of the large genus
Rickia have been described, all from epigean juliformian millipedes (family Harpagophoridae for R. siddharta, family
Julidae for the rest). Rickia uncigeri is found all over the body
but preferentially on the ventral side of head, as well as the
anterior body rings and legs (Scheloske 1969; Majewski
1974); on newly studied Danish Unciger foetidus (C.L. Koch,
1838) (one male, three females), thalli of R. uncigeri were
found only on body rings 2–10, on the legs of these rings
and occasionally on legs back to ring 15, as well as on the
gnathochilarium. Rickia dendroiuli shows a similar distribution pattern: many thalli on the anterior legs (pairs 1–12),
sometimes also on the ventral parts of the corresponding body
rings, a few thalli also found on legs further back (to the
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Fig. 5 Troglomyces spp. on their
blaniulid millipede hosts (SEM
images). a Archiboreoiulus
pallidus male, front end, showing
the parrot bill-like mandible and
the anterior gonopods (modified
legs of body ring 7). b Close-up
of a group of T. triandrus lodged
between the two mandibular
processes (the diagnostic triseriate antheridia are clearly
seen). c A. pallidus female, head,
with a group of T. triandrus at the
base of each antenna (circles). d
Acipes atlanticus female, front
end, with a group of T. bilabiatus
ventrally on body ring 3 and a
single thallus on body ring 4. e
Close-up of area in rectangle in d,
thalli indicated with arrows. f
Close-up of a group of
T. triandrus at the base of the
antenna of an A. pallidus female
(the diagnostic tri-seriate
antheridia are clearly seen). ant
antenna, md mandible, gp
gonopod. Scale bars 0.1 mm (a,
c, d, e), 0.01 mm (b, f)

Fig. 6 Position of Troglomyces
spp. on their blaniulid hosts,
shown on a drawing of copulating
blaniulids from Mauriès (1969).
Left: T. triandrus on
Archiboreoiulus pallidus—green
squares thalli on male host,
mainly on mandibles; red dots
thalli on female host, mainly on
and at base of antennae. Right:
T. bilabiatus on Acipes sp.—
green inverted triangles thalli on
male host, mainly on ventral parts
of body ring 7; red triangles:
thalli on female host, mainly on
ventral parts of body ring 3
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Species of Troglomyces and their hosts, site specificity, inferred mode of transmission and habitat

Parasite

Host

Position of parasite

Troglomyces triandrus

Blaniulidae: Archiboreoiulus
pallidus
Blaniulidae: Acipes spp.

Male: mandibles
female: antennae
Troglomyces bilabiatus
Male: 7th body ring
female: 3rd body ring
Troglomyces pusillus
Blaniulidae: Iberoiulus cavernicola
Diffuse: body and legs
Troglomyces manfrediae Julidae: Trogloiulus mirus, Typhloiulus Diffuse: legs, body rings, head
maximus, Typhloiulus tobias
Troglomyces rossii
Julidae: Leptoiulus sp., Ophyiulus cf.
Diffuse: legs, body rings, head
major, Ophyiulus sp., Typhloiulus
maximus
Troglomyces botryandrus Julidae: Leptoiulus cf. montivagus
Diffuse: legs and body rings

middle of the millipede’s body) and on the head, antennae and
mouthparts—unpublished observations on four males and
three females of Cylindroiulus latzeli (Berlese, 1884) from
Italy. Rickia pachyiuli was found on legs and gonopods of
male hosts (Bechet and Bechet 1986); on newly studied Croatian Pachyiulus hungaricus (Karsch, 1881) (five males, seven females, NMW), thalli of R. pachyiuli were found on legs
1–19 and ventrally on the corresponding body rings (2–12)—
when only few thalli were present, they were close to the
gonopods in males and to the gonopore in females. Rickia
laboulbenioides was found mostly on the second pair of legs
of its host (De Kesel et al. 2013). Finally, R. siddharta from Sri
Lanka was found on the body rings and (mainly) at the base of
the legs of its host (Rossi and Balazuc 1977). The site specificity seen in R. pachyiuli and R. laboulbenioides is suggestive
of sexual transfer, whereas the diffuse distribution of thalli in
the other three suggests transfer via the substrate.
Finally, Triainomyces hollowayanus, parasite of an epigean
giant pill millipede, order Sphaerotheriida, has been found
only on the second pair of legs in female hosts (Rossi and
Weir 1998); although the fungus has so far not been found
on male hosts, sexual transfer seems probable.
The overall pattern thus is that epigean millipedes host
strongly site-specific as well as not site-specific
Laboulbeniales. In contrast, fungi parasitizing cave-dwelling
millipedes are generally not site-specific, which is consistent
with the idea that substrate-borne transfer is favoured in the
Table 4 Site specificity/inferred mode of transfer of six Troglomyces
species and habitat type of their millipede hosts
Strong site specificity,
inferred transfer during
copulation
Cave-dweller
Epigean

No site specificity,
inferred transfer via
substrate
T. pusillus
T. manfrediae

T. triandrus
T. bilabiatus

T. botryandrus
T. rossii

Inferred
Habitat
transmission

Reference

Sexual

Epigean This paper

Sexual

Epigean This paper

Substrate
Substrate

Cave
Cave

Substrate

Epigean Santamaria et al. 2014

Substrate

Epigean Santamaria et al. 2014

This paper
Santamaria et al. 2014

generally humid cave climate. (A positive correlation between
humidity and substrate-borne infection of beetles with
Laboulbeniales is implicit in the discussion by Scheloske
[1969: 67–69]). The only exception is D. veneris. This very
strongly site-specific species is in the special situation that it
coexists with a congeneric species, D. lusitanipodos, on the
same host species (sometimes even the same host individual);
this may be the reason that a highly focused mode of transfer
has evolved.

Role of defensive secretions?
Millipedes are known for their defensive chemicals which in
blaniulids and other cylindrical millipedes are at least mainly
released from an uninterrupted series of defence glands
starting on body ring 6 and continuing almost to the hind
end. A great diversity of chemicals has been reported from
various millipedes (Eisner et al. 1978; Shear et al. 2007;
Vujisić et al. 2011; Bodner and Raspotnig 2012), and even
between closely related species, the chemical profiles
may differ significantly (Vujisić et al. 2011; Bodner
and Raspotnig 2012).
Some components of millipede defensive secretions are
known to have an antifungal effect (e.g. Kuwahara et al.
2002; Makarov et al. 2014; Roncadori et al. 1985; Wu et al.
2007); thus, interspecific differences in the arsenal of
chemicals may entail differences in susceptibility to parasitism
by Laboulbeniales.
The defensive secretion of B. guttulatus was studied by
Weatherston et al. (1971) and was found to contain lipoid
esters (palmityl acetate, a monounsaturated C16-alcohol acetate and a monounsaturated C18-alcohol acetate). Quite different chemical spectra were found in two other blaniulids:
Nopoiulus kochii (Gervais, 1847) and Cibiniulus phelpsii
(Verhoeff, 1897) by Vujisić et al. (2014). The secretions of
several additional blaniulids are currently under study by L.
Vujisic, S. Makarov and others; preliminary results indicate
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that the secretion of A. pallidus does differ from those of
B. guttulatus and B. tenuis.
Parthenogenesis—a means of escaping infection?
The limited available evidence suggests that T. triandrus is
absent from male-less, presumably parthenogenetic populations of A. pallidus. Laboulbeniales have not been found on
the often very abundant, parthenogenetic species Proteroiulus
fuscus (Am Stein, 1857) although its bisexual congener
P. hispanus is host of an unidentified fungus. There is as yet
no numerical basis for claiming a significant correlation between parthenogenesis and freedom from the fungus, but given the very strong circumstantial evidence for transfer during
courtship, switching to parthenogenesis is an efficient way to
avoid the parasite (Lehtonen et al. 2012).
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