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Abstract. Two lichen-forming fungi, Hydropunctaria scabra and Verrucaria alpicola 
(Verrucariaceae, Ascomycota), are reported for the fi rst time from Bulgaria. Descriptions 
and ecological observations based on the Bulgarian populations are provided. For 
Verrucaria alpicola the ability to survive a continuous submersion over a period of at 
least four years is confi rmed.
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Introduction
Freshwater lichens constitute an ecological group of fungi with a more or less distinctive 
affi  nity to freshwater habitats. Depending on their tolerance of submersion, three groups 
of freshwater lichens can be distinguished: aquatic, sub-aquatic (amphibious), and riparian, 
the last one being a group of species with a large ecological amplitude which extends up to 
a certain level into the (semi-) aquatic environment (Th üs & Schultz 2008). Less than ten 
species are confi rmed to be able to survive several years of continuous inundation, whereas 
the total number of lichens with a distinct affi  nity to freshwater habitats comprise about 
250 species, most of which are amphibious, tolerating only limited periods of inundation 
(Th üs et al. 2014). 

Forty freshwater lichens are known to occur in Bulgaria. Twenty-three of them 
are members of the Verrucariaceae. Some typical aquatic lichens (e.g. Hydropunctaria 
rheitrophila) were recently recorded from Bulgaria (Shivarov 2013), but higher numbers of 
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freshwater lichens can be expected due to the diversity of suitable habitats and the limited 
degree of exploration so far (Shivarov 2015). Two additional species were found during fi eld 
examinations in the framework of a project for studying freshwater lichens in the watersheds 
of Demyanitsa River (Pirin Mts) and Malyovitsa River (Rila Mts) and we provide detailed 
descriptions.

Material and methods
Th e studied specimens are deposited at the Mycological Collection of the Institute of 
Biodiversity and Ecosystem Research, Sofi a (SOMF). Th e presented measurements of 
ascospores and their shape terminology follow Smith et al. (2009). Th e measurements were 
made in 10 % KOH for the ascospores and distillated water was used for the rest of the 
structures. Th e observations 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 HP Photosmart M517. 
Th e provided photograph from the fi eld was made by the fi rst author with Canon PowerShot 
SX 710 HS. All photographs were additionally edited and adapted with specialized software 
Adobe Photoshop CS5.1 and Carnoy 2.0.

Morphological descriptions of Bulgarian specimens
Hydropunctaria scabra (Vězda) C. Keller, Gueidan & Th üs, Taxon 58: 194, 2009. 
 Figs 1, 2

Th allus 80–140 μm thick, epilithic, subgelatinous, dark olive green (in the habitat 
with black to dark bluish green colour); thalline surface with numerous black punctae, 
sometimes cracked, smooth or roughened by the tips of black columns. Prothallus absent. 
Cortex paraplectenchymatous, green to yellowish green, with algal cells arranged in vertical 
columns; upper cortex with dark green pigment. Black basal layer usually present, absent 
only in the thinner thalline parts. Perithecia completely immersed or in projecting warts; 
apex visible as black ring; ostiolar region concave. Exciple 150–230 μm diam., colourless 
to pale brown. Involucrellum reaching down to the thallus base and fusing in to the black 
basal layer. Ascospores (14.0–)15.8–17.5–19.2(–20.0) × (6.0–)6.1–6.8–7.6(–9.0) μm, 
l/w ratio (2.0–)2.2–2.6–2.9(–3.2), n = 25, simple, narrowly ellipsoid, without perispore. 
Conidia 3–4.5 × 1.5 μm, oblong-ellipsoid.

Specimens examined: BULGARIA, Pirin Mts, the watershed of Demyanitsa River, cold 
stream above Valyavitsa River, sun exposed place in alpine environment, immersed in the 
water, substratum siliceous, 41.71244° N, 23.47013° E, alt. 2197 m, 22 Jul 2016, V.V. 
Shivarov (SOMF 29 516, 29 517).

Ecology and distribution. In Bulgaria, the species was found completely submerged 
in cold water, growing with Th elidium pertusatii and Verrucaria elaeomelaena agg. (Fig. 1). 
It is known from Europe (Austria, France, Germany, Great Britain, Iceland, Montenegro, 
Poland, Slovakia, and Switzerland) and North America (USA: Montana, Alaska), where 
it was observed on permanently or frequently submerged siliceous rocks, associated with 
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Hydropunctaria rheitrophila, Verrucaria aquatilis, and V. funckii (Orange 2004; Th üs & 
Schultz 2008, Bilovitz et al. 2009; Krzewicka 2012; McCune et al. 2014; Berger & Türk 
2015).

Comments. Hydropunctaria rheitrophila has a similar morphology, but diff ers in having 
pale green to brownish green colour of the thallus, absence of a black basal layer, by having 
an involucrellum developed in the upper half of exciple and smaller ascospores (9–14 × 6–9 
μm). Other freshwater lichens in the Verrucariaceae lack the combination of black punctae, 
dark basal layer and small ascospores.

Fig. 1. Th alli forming lines in cold water stream: sc – Hydropunctaria scabra, pe – Th elidi-
um pertusatii, el – Verrucaria elaeomelaena agg. Scale bar = 5 cm. Fig. 2. Hydropunctaria sca-
bra (SOMF 29 516). Scale bar = 1 mm. Fig. 3. Verrucaria alpicola (SOMF 29 488) Scale 
bar = 1 mm
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Verrucaria alpicola Zschacke, Hedwigia 67: 75, 1927. Fig. 3
Th allus thin (up to 50 μm thick), epilithic, subgelatinous, dark brown to almost black, 

continuous or slightly cracked around the perithecia, and in thicker parts of the thallus. 
Prothallus absent. Cortex paraplectenchymatous, with yellowish brown pigment, usually 
with disperse black patches; upper cortex dark brown to black. Black basal layer partly 
present. Perithecia covered by a thin thalline mantle, forming mounds 450–800 μm diam.; 
apex exposed and visible as small black dot or immersed. Exciple 240–340 μm diam., 
entirely brown. Involucrellum reaching the exciple base and laterally spreading. Ascospores 
(23.0–)27.2–30.1–32.9(–35.5) × (9.0–)10.9–12.8–14.7(–18.0) μm, l/w ratio (1.8–)2.0–
2.3–2.7(–3.2), n = 50, ellipsoid to narrowly ellipsoid, without perispore. Conidiomata not 
observed.

Specimens examined: BULGARIA, Rila Mts, Malyovitsa River, the Second Ledge, on 
pebble submersed in the water, substratum siliceous, 42.177725° N, 23.373627° E, alt. 
2230 m, 31 Aug 2014, V.V. Shivarov (SOMF 29 488) (sub Verrucaria margacea group); 31 
May 2015, V.V. Shivarov (SOMF 29 519).

Ecology and distribution. In Bulgaria, Verrucaria alpicola was found in a submersed 
place, growing together with Hydropunctaria rheitrophila in an alpine environment. Th e 
period of inundation is confi rmed for four years. Observations were made from 2013 to 
2016, during the periods of lowest water level. It is known from Europe (Austria, Great 
Britain, Germany, Italy, Norway, Romania, and Switzerland) where it is reported from the 
splash water zone and temporarily inundated sites in springs and headwaters. It was found 
growing on siliceous and calcareous substrata, mostly at high elevations in Central Europe 
(Zschacke 1927; Th üs et al. 2015).

Comments. Swinscow (1968) reduced Verrucaria alpicola to a synonym of V. 
margacea, but a recent study of the V. elaeomelaena species complex shows that V. apicola 
is a monophyletic species, nested in the V. elaeomelaena agg. Th e genetic diversity in 
the group of V. alpicola is high and more species can be expected when more sequences 
become available (Th üs et al. 2015). Verrucaria alpicola diff ers from other species in the 
V. elaeomelaena complex by large ellipsoid to narrowly ellipsoid ascospores with a length/
width ratio usually above 2.2, an upper cortex with a dark brown to black pigment and an 
exciple which is brown down to the base.

Verrucaria margacea is a diff erent species characterized by a non subgelatinous thallus 
(a thallus with air fi lled space surrounding the hyphae) and slender ascospores (Th üs et al. 
2015).
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