
349PHYTOLOGIA BALCANICA 23 (3): 349 – 353, Sofia, 2017

First records of lichenicolous species from the 
Bulgarian freshwater habitats
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Abstract. Placopyrenium cinereoatratum and Stigmidium rivulorum, lichenicolous lichen and fungus, respectively, 
are reported for the first time from Bulgaria. Both species are rare or otherwise overlooked worldwide. 
Descriptions, comments, and illustrations based on Bulgarian specimens are provided.
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Introduction

Lichenicolous fungi form complex and diverse interac-
tions with lichens (e.g. commensalistic, parasitic, sapro-
trophic). Some lichen-forming fungi are initially licheni-
colous and form facultative associations with lichen hosts 
(Lawrey & Diederich 2003). Over 1800 species of lichen-
icolous fungi are currently known (Lawrey & Diederich 
2016), whereas only 26 are known to inhabit freshwa-
ter lichens (Thüs & al. 2014). Sixteen obligate lichenicol-
ous fungi have been published for Bulgaria (Mayrhofer 
& al. 2005; Otte 2005; Vondrák 2006; Ivanov 2010), and 
none of them is reported from freshwater habitats, nor is 
known to grow on freshwater lichens.

In this article, two lichenicolous species growing on 
freshwater lichens are reported for the first time from 
Bulgaria. Both species are also new for the Balkan Pen-
insula.

Material and methods

Seven specimens of freshwater lichens, with licheni-
colous species from the Pirin Mts, Bulgaria were revised. 
The studied specimens are deposited in the Mycological 
Collection of the Institute of Biodiversity and Ecosystem 
Research, Sofia (SOMF) and in the Collection of Natu-

ral History Museum, Slovak National Museum, Bratisla-
va (BRA). The length, width and length/width (l/w) ratio 
of the ascospores are given as: (min–){x–  –SD}–x–  –{x–  +SD}
(–max), where min and max are the extreme values, x–     
the arithmetic mean, and SD the corresponding standard 
deviation. With n is denoted the number of measured 
ascospores. The measurements of the ascospores were 
made in 10 % KOH. For colour reactions and better ob-
servation of the microstructures, Lugol’s solution (I) and 
Cotton Blue dissolved in water were used. The obser-
vations and measurements were made under Windaus 
Labortechnik D-38678 dissecting microscope equipped 
with a Canon PowerShot A630 digital camera and Boeco 
BM-180/T/SP microscope with mounted digital camera 
Boeco B-CAM10. All measurements of microstructures 
and observations are based on Bulgarian specimens. The 
photograph from the field was made with a Canon Pow-
erShot SX710 HS.

Results and discussions

Placopyrenium cinereoatratum (Degel.) Orange 
(Plate I, Figs 1, 2)

Thallus 230–540 μm thick, initially thin, growing on 
Staurothele fissa, crustose to subsquamulose, palegrey 
to midbrown or yellowishbrown, cracked or form-
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Plate I. General habit and microstructures: Fig. 1. Placopyrenium cinereoatratum and Stigmidium rivulorum co-inhabiting a thallus 
of Staurothele fissa: ci – P. cinereoatratum, fi – S. fissa with dark-brown thallus and large perithecia, ri – S. rivulorum with small dot-
like perithecia (SOMF 29 728). Scale bar = 1 mm. Fig. 2. P. cinereoatratum, vertical section with perithecia (SOMF 29 746). Scale bar = 
100 μm. Figs 3–8. S. rivulorum. Fig. 3. Well-developed perithecum and pale-brown vegetative hyphae (SOMF 29 728). Scale bar = 20 μm. 
Fig. 4. Pseudoparaphyses with elongated distal cells in I (SOMF 29 728). Scale bar = 10 μm. Fig. 5. Ascospore with a thin perispore in 
water solution of Cotton Blue (SOMF 29 726). Scale bar = 5 μm. Figs 6, 7. Asci of different shapes (BRA-CR 1 701). Scale bars = 10 μm. 
Fig. 8. Ascus in I (SOMF 29 728). Scale bar = 25 μm.
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ing discrete angular areoles; upper surface plane. Pro-
thallus not observed. Upper cortex brown, with epi-
necral layer. Photobiont cells arranged more or less 
in columns. Black basal layer well-developed or ab-
sent. Perithecia immersed in the thallus, several to 
many per areole. Exciple 140–200 μm in diameter, 
entirely hyaline or palebrown, near the apex usual-
ly brown. Involucrellum absent. Asci 8-spored. As-
cospores (13.0–)15.4–18.0–20.6(–24.0) × (5.5–)5.9–
6.7–7.5(–8.5) μm, l/w ratio (2.1–)2.3–2.7–3.1(–3.8), 
n = 25, ellipsoid, simple, hyaline, perispore not ob-
served. Conidiomata not observed.

Specimens examined: Bulgaria, Pirin Mts, river De-
myanitsa, on Staurothele fissa together with Stigmid-
ium rivulorum, on siliceous rock in the splash wa-
ter zone, 41.79079° N, 23.46477° E, alt. 1436 m, 21 Jul 
2016, V.V. Shivarov (SOMF 29 728, 29 746).

Ecology and distribution. Initially growing on 
Staurothele fissa, on siliceous rocks in freshwater hab-
itats; a rare species, known only from Europe (Aus-
tria, Finland, France, Great Britain, Norway, Swe-
den) (Hafellner & Türk 2001; Orange 2009; Roux & 
al. 2017).

Comments. Placopyrenium cinereoatratum was 
found growing on Staurothele fissa together with Stigmid-
ium rivulorum (Fig. 1). According to Roux & al. (2017), 
in France the species is extremely rare, and is categorized 
as Critically Endangered (CR). It is probably a rare spe-
cies, but also overlooked worldwide. The initial thallus of 
P. cinereoatratum could be easily missed due to external 
similarity with that of the host (Orange 2009).

Placopyrenium cinereoatratum is characterized by 
the host preference (the only member of Placopyreni-
um known to grow on Staurothele fissa), ascospore siz-
es 15–21 × 6–8 μm, and angular areoles with plane up-
per surface (for more information see Orange 2009).

Stigmidium rivulorum (Kernst.) Cl. Roux & Nav.-
Ros. (Plate I, Figs 1, 3–8)

Vegetative hyphae palebrown, I–, developed in the 
host cortex. Perithecia (40–)55–80(–90) μm in di-
ameter, black, globose to subglobose, two-thirds im-
mersed to superficial on thalli of freshwater Verru-
cariaceae. Exciple paraplectenchymatous; upper half 
darkbrown and thick; lower half thin, palebrown or 
seldom hyaline, in some superficial states perithe-
cia entirely brown. Hamathecium of periphyses, and 
pseudoparaphyses composed of a short basal cell 
and elongated distal cell (pseudoparaphyses ‘type a’ 

sensu Roux & Triebel 1994). Hymenial gel I–. Asci 
35–48 × 14–20 μm, 8-spored, narrowly ovoid, clavate 
or seldom cylindrical; endotunica apically thickened; 
ascoplast (epiplasm) I+ red to red-brown. Ascospores 
(13.5–)14.2–15.2–16.2(–17.5) × (4.0–)4.8–5.5–
6.2(–7.5) μm, l/w ratio (2.3–)2.5–2.8–3.1(–3.6), n = 33, 
1-septate, hyaline, a thin perispore present or absent. 
Conidiomata not observed.

Specimens examined: Bulgaria, Pirin Mts, Belem-
etski Lakes, below Mt Kamenitsa, on Dermatocarpon 
miniatum var. complicatum (sub D. luridum), on peri-
odically inundated siliceous rocks in river Mozgovit-
sa, alt. 2480 m, 7 Aug 1983, I. Pišút (BRA-CR 1 717, 
80 116); Mt Kralev Dvor, below the saddle Kraledvor-
ska Porta, on D. miniatum var. complicatum (sub D. 
luridum), on frequently moistened siliceous rock, alt. 
2550 m, 7 Aug 1983, I. Pišút (BRA-CR 1  701); river 
Demyanitsa, on Staurothele fissa, on rock in the splash 
water zone, 41.79079° N, 23.46477° E, alt. 1436 m, 21 
Jul 2016, V.V. Shivarov (SOMF 29 720, 29 726).

Ecology and distribution. The species grows on 
freshwater lichens of Verrucariaceae (Dermatocar-
pon rivulorum, Sporodictyon cruentum, Staurothele 
clopimoides, S. fissa, Verrucaria aquatilis, V. hydroph-
ila, V. pachyderma, and V. praetermissa). It occurs 
in mountain rivers, from the forest belt up to the al-
pine belt. It is reported from Europe (Austria, Den-
mark: Faroe Islands, France, Germany, Great Britain, 
Italy, Luxembourg, Poland) and Asia (Russia: Siberia) 
(Alstrup & al. 1994; Molitor & Diederich 1997; Zhur-
benko & Hafellner 1999; Hawksworth 2003; Thüs & 
Dornes 2003; Berger & Türk 2015; Łubek & Kukwa 
2017; Roux & al. 2017). The recent record of Stigmidi-
um rivulorum on Agonimia cavernicola, on a rock near 
the seashore to South Korea (Kondratyuk & al. 2015) 
is in contrast to the species overall ecological prefer-
ences of freshwater habitats.

Comments. The species can vary in ascospore siz-
es, if a great number is available for measurement. Only 
three ascospores sized above 16.2 × 6.2 μm were meas-
ured. They were found in different specimens on both 
hosts. Mention deserves the fact that the ascospores 
were measured in 10 % KOH, which can slightly in-
crease their size, compared to water. The ascospores of 
Bulgarian specimens agree with the sizes provided in 
the protologue, 15–16 × 5–6 μm (Arnold 1893). Oth-
er authors report smaller ascospores 12.5–14.3 × 5.4–
6.3 μm (Vouaux 1912), 11–15 × 5–6 μm (n = 5, in wa-
ter) (Zhurbenko & Hafellner 1999). This variation is 
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probably due to the absence of a sufficient number of 
mature spores for measuring. Stigmidium rivulorum is 
characterized by the host preference, freshwater Ver-
rucariaceae, and spore sizes 14–16 × 5–6 μm. Stigmid-
ium stygnospilum (Minks) R. Sant. also occurs on sub-
aquatic members of Dermatocarpon (Santesson & al. 
2004), but has larger ascospores, 17–20 × 4.5–5 μm 
(Hawksworth & al. 2010).

Three specimens of Dermatocarpon miniatum var. 
complicatum from alpine freshwater habitats were 
found, with a lichenicolous fungus belonging to Stig-
midium rivulorum, but there is also a coexisting spe-
cies of Stigmidium with similar morphology and I+ 
blue reaction of the exciple wall. Stigmidium rivulo-
rum is already known to grow on Dermatocarpon in 
freshwater habitats (Berger & Türk 2015).

Molitor & Diederich (1997) reported that Stigmid-
ium rivulorum does not infect Hydropunctaria rhei-
trophila, Verrucaria elaeomelaena and V. margacea. 
These species can survive long periods of complete 
submersion (see Shivarov & al. 2017), which might be 
unfavorable for the lichenicolous fungus. It was not 
found to inhabit the thalli of Verrucaria, which are in 
places with continuous periods of inundation even on 
the rock from where the specimens of S. rivulorum 
were collected (Fig. 9).

Acknowledgements. The author is grateful to the Curator and 
museum staff of BRA (Slovak National Museum, Bratislava, Slovakia) 
for the loan of Bulgarian specimens. The reviewer is acknowledged 
for his valuable comments and suggestions. This work was support-
ed by the Program for career development of young scientists, BAS.

References

Alstrup, V., Christensen, S.N., Hansen, E.S. & Svane, S. 1994. The 
lichens of the Faroes. – Fróðskaparrit, 40: 61-121.

Arnold, F. 1893. Lichenologische Ausflüge in Tirol. XXV. Der 
Arlberg. – Verh. K. K. Zool.-Bot. Ges. Wien, 1893: 360-407.

Berger, F. & Türk, R. 2015. The amphibious lichen flora of the al-
pine headwater community Lackenböden in Dösental (Mallnitz, 
Carinthia, Austria). – Herzogia, 28: 348-358 (in German).

Hafellner, J. & Türk, R.  2001. Die lichenisierten Pilze 
Österreichs – eine Checkliste der bisher nachgewiesenen Arten 
mit Verbreitungsangaben. – Stafia, 76: 3–167.

Hawksworth, D.L. 2003. The lichenicolous fungi of Great Britain 
and Ireland: an overview and annotated checklist. – Lichenologist, 
35: 191-232.

Hawksworth, D.L., Atienza, V. & Coppins, B.J. 2010. Draft artifi-
cial keys to the lichenicolous fungi of Great Britain, Ireland, the 
Channel Islands, Iberian Peninsula, and Canary Islands. – http://
www.ascofrance.fr/uploads/forum_file/LichenKeys2010-0001.
pdf (accessed 04.12.2015).

Ivanov, D. 2010. Checklist of the lichens and lichenicolous fungi 
from the Pirin Mountains in Bulgaria. – Ber. Naturwiss.-Med. 
Vereins Innsbruck, 96: 35-57.

Kondratyuk, S.Y., Lőkös, L., Farkas, E., On, S.-O. & Hur, J.-S. 
2015. New and noteworthy lichen-forming and lichenicolous 
fungi 2*. – Acta Bot. Hung., 57(1–2): 77-141.

Lawrey, J.D. & Diederich, P. 2003. Lichenicolous fungi: interac-
tions, evolution, and biodiversity. – Bryologist, 106: 80-120.

Lawrey, J.D. & Diederich, P. 2016. Lichenicolous fungi – worldwide 
checklist, including isolated cultures and sequences available. – 
http://www.lichenicolous.net/ (accessed 27.06.2017).

Łubek, A. & Kukwa M. 2017. Additions to the mycobiota of 
Poland. – Mycotaxon, 132: 183-195.

Mayrhofer, H., Denchev, C.M., Stoykov, D.Y. & Nikolova, S.O. 
2005. Catalogue of the lichenized and lichenicolous fungi in 
Bulgaria. – Mycol. Balcan., 2: 3–61.

Molitor, F. & Diederich, P. 1997. Les pyrénolichens aquatiques 
du Luxembourg et leurs champignons lichénicoles. – Bull. Soc. 
Naturalistes Luxemb., 98: 69–92.

Orange, A. 2009. Two parasitic species of Placopyrenium 
(Verrucariaceae) from freshwater habitats in Northwest Europe. – 
Lichenologist, 41: 131–139.

Otte, V. 2005. Noteworthy lichen records for Bulgaria. – Abh. Ber. 
Naturkundemus. Görlitz, 77(1): 77–86.

Roux, C. & Triebel, D. 1994. Révision des espèces de Stigmidium et 
de Sphaerellothecium (champignons lichénicoles non lichénisés, 
Ascomycetes) correspondant à Pharcidia epicymatia sensu Keissler 
ou à Stigmidium schaereri auct. – Bull. Soc. Linn. Provence, 45: 
451–542.

Roux, C., Monnat, J.-Y., Gonnet, D. et O., Poumarat, S. Esnault, 
J., Bertrand, M., Gardiennet, A., Masson, D., Bauvet, C., 
Lagrandie, J., Derrien, M.-C., Houmeau, J.-M., Diederich, 
P., Vaudoré, D., Ragot, R., Carlier, G., Van Haluwyn, C., 
Chipon, B., Vallade, J., Farou, J.-L., Lorella, B., Bossier, X., 
Navarro-Rosinés, P., Gueidan, C., Boissière, J.-C., Caugant, C. 
Ferrez, Y., Agnello, G., Lohézic-Le Dévénat, F., Frachon, C., 

Fig. 9. The rock in river Demyanitsa, predominantly covered with 
brown thalli of Staurothele fissa; an arrow shows the place where Pla-
copyrenium cinereoatratum and Stigmidium rivulorum are growing.



353Phytol. Balcan. 23(3) • Sofia • 2017 

Offerhaus, B., Quelen, Y., Guilloux, F., Priou, J.-P., Sussey, 
J.-M., Masse, L.J.-C., Lencroz, M., Vilks, A., Martin, B. et 
J.-L., Clerc, P., Asta, J., Blondel, É., Boumier, R., Rémy, C., 
Bricaud, O., Ménard, T., Wirth, V., Dufrêne, P., Engler, R., 
Lacoux, D., Florence, É., Julien, F., Mary, J., Vermeulen, 
J.-C., Montavont, J.-P., Gavériaux, J.-P., Cartereau, M., 
Drouard, F., Bibas, M., Maggi, F., Demeulant, J., Chapuis, L., 
Davoust, M., Lagabrielle, J., Lerat, C., Béguinot, J., Baubet, 
R., Deschâtres, Delarue, D., Descheemacker, A., Hairie, F., 
Sérusiaux, E., Hugueny, P., Leprince, J.-H. & Schmitt, A. 
2017. Catalogue des lichens et champignons lichénicoles de 
France métropolitaine (2a édition revue et augmentée, 2017). 
Association française de lichénologie, Fontainebleau. – http://
www.lichenologue.org/fichiers/docs/2017CLF_Tome1_Texte.
pdf (accessed 05.07.2017).

Santesson, R., Moberg, R., Nordin, A., Tønsberg, T. & 
Vitikainen, O. 2004. Lichen-forming and Lichenicolous Fungi 
of Fennoscandia. Museum of Evolution, Uppsala.

Shivarov, V.V., Thüs, H. & Denchev, C.M. 2017. First records of 
two freshwater lichens, Hydropunctaria scabra and Verrucaria 
alpicola, from Bulgaria. – Mycobiota, 7: 1–5.

Thüs, H. & Dornes, P. 2003. Neu- und Wiederfunde von Flechten 
in Hessen. – Hess. Florist. Brefe, 52: 62–67.

Thüs, H., Aptroot, A. & Seaward, M.R.D. 2014. Freshwater 
lichens. – In: Jones, E.B.G., Hyde, K.D. & Pang, K.L. (eds), 
Freshwater Fungi and Fungus-Like Organisms, pp. 333–358. De 
Gruyter, Berlin.

Vondrák, J. 2006. Contribution to the lichenized and lichenicolous 
fungi in Bulgaria. I. – Mycol. Balcan., 3: 7–11.

Vouaux, A. 1912. Synopsis des champignons parasites de lichens. – 
Bull. Trimestriel Soc. Mycol. France, 28: 209–256.

Zhurbenko, M.P. & Hafellner, J. 1999. Lichenicolous fungi from the 
Putorana plateau, Siberian Subarctic. – Folia Cryptog. Estonica, 
34: 71–79.






