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Introduction

The compound structure and resulting
biology of lichens enables them to colonise
extremely hostile environments. They occur
in different, often extreme climatic condi-
tions, and grow on almost any type of sub-
strate. Importantly, they can tolerate toxic
substances present in the environment and
accumulate them in amounts that signifi-
cantly exceed their metabolic needs and that
can be lethal to plants and animals. These are
properties of lichens which permit their use
as pollution biomarkers (Conti and Cecchetti
2001) and indicators of the presence of heavy
metals in substrate (e.g. Aznar et al. 2008).
They can be used in biogeochemical searches
for metals such as Cu, Fe, Pb and Zn (Purvis
and Halls 1996).

In a metal-enriched environment, lichens
are often the dominant component of bio-
diversity; they accompany plant groups or
together with bryophytes create independent
communities (e.g. Wirth 1972; Purvis and
Halls 1996; Paus 1997; Cuny et al., 2004).
That is why habitats such as these are of great
interest to the world’s lichenologists, who carry

out fieldwork and laboratory research on their
species  diversity, taxonomy, biogeography,
ecology, physiology, and especially their tol-
erance to high concentrations of metals and
their adaptation to environmental conditions
(Purvis and Halls 1996; Purvis and Pawlik-
Skowroriska 2008; Backor and Loppi 2009).
Substrates containing zinc and lead are par-
ticularly favourable for lichen vegetation; some
species of the genera Gyalideopsis, Sarcosagium,
Steinia and Vezdaea seem to be restricted to
such habitats. Their original localities, associ-
ated with natural outcrops of zinc and lead ore,
occur on all continents; in Europe they can
be found in Belgium, France, Germany, the
Netherlands, Poland and the United Kingdom.
Nowadays those natural sites are rare. Most
localities are created artificially as a result of
metal ore mining and processing.

So far over 300 species of lichens that
grow on natural rock and on mining waste in
the vicinity of mines and smelters have been
reported occurring on substrates rich in metal
compounds (Cuny ez al. 2004; Rajakaruna
et al. 2011). Some of them occupy anthropo-
genic habitats unrelated to mining and met-
allurgy, such as impregnated wood, iron bars,
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old railroad tracks, lead inscriptions on mon-
uments, and walls next to garages contami-
nated with lead from gasoline (Purvis and
Halls 1996). Species new to science, such as
Micarea confusa (Coppins and van den Boom
1995), Pyrenocollema chlorococcum (Aptroot
and van den Boom 1998) and Coppinsia
minutissima (Lumbsch and Heibel 1998),
were described after their discovery in post-
mining areas containing soil enriched with
zinc and cadmium.

In Poland the localities of lichens associ-
ated with metalliferous substrates are located
in the southern part of the country, mainly
in Lower Silesia, the Sudety Mts and parts of
the Silesia-Cracow Upland (Bielczyk and Kos-
sowska 2015). The latter localities are related
to centuries of mining and metallurgy; the
Olkusz Ore-bearing Region (OOR) is the
most valuable of these areas for study of the
lichen biota. Ore extraction and processing in
the vicinity of Olkusz degraded the soil, the
natural vegetation and the landscape. There
are many outcrops, old mine pits and waste
heaps remaining from early and modern tech-
nological processes. The soil that formed on
them contains large amounts of heavy metals
(mainly zinc and lead) and is nutrient-poor
and dry; high air pollution contributed sulphur
dioxide, dust and heavy metals (Grodzinska
and Szarek-Eukaszewska 2009; Grodziriska
et al. 2010).

It is an area of natural contrasts. Some
parts have been completely altered by man,
and other less altered areas have preserved
semi-natural plant communities. Calamine
communities of plants that tolerate or prefer
high levels of metals in the soil developed here;
they are the only communities of this kind
found in Poland (Szarek-fukaszewska and
Grodzinska 2011). The area is also a refuge
for valuable, sometimes endangered species
of plants and fungi (Mleczko er al. 2009;
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Kapusta ez al. 2010; Nowak ez al. 2011). A few
lichenological works treating the OOR point
to the species-richness of the lichens on these
unique sites (Kiszka 2003, 2009; Kiszka and
Koscielniak 2006; Bielczyk ez al. 2009). A fea-
ture of this biota is the presence of species able
to tolerate and/or accumulate heavy metals in
their thalli (Pawlik-Skowronska et /. 2008;
Pawlik-Skowronska and Backor 2011).

Recent lichenological studies made under
the interdisciplinary project “Vegetation of
calamine soils and its importance for biodiver-
sity and landscape conservation in post-mining
areas’ (EEA FM PL0265), realised in 2008—
2011, yielded important data on the lichens
of the OOR, presented here. This paper gives
a list of species of lichens and lichenicolous
fungi occurring in the area, together with their
distribution; characterises the lichen biota and
indicates its particular association with post-
mining areas; and suggests the factors that may
threaten the lichens, as well as ways of pro-
tecting them.

Material and methods

Field studies were carried out in 2008—
2009 in the post-mining Olkusz Ore-bearing
Region. The area covers 48 km? and is
located in the southeastern part of the Silesia-
Cracow Upland (50°17'N, 19°29'E) (Godzik
— Chapter 2, this volume), in squares DF36
and DF46 of the ATPOL system. The study
area is described in detail by Stefanowicz ez al.
(2010) and Nowak ez 4/. (2011), and also in
this volume (Godzik — Chapter 2, Kapusta and
Godzik — Chapter 6).

Detailed lichenological studies were car-
ried out at 49 homogeneous sites (1-30,
32-34, 36-51) representing six habitat types,
following methodology specified in project
EEA FM PL0265 (Kapusta and Godzik —
Chapter 6, this volume).



The material consisted of lichens (li-
chenised fungi) occurring on all substrates
within the designated area, including soil,
stones, pieces of wood, and plants. In forests
the bark of stumps, fallen branches and the
lowest portion of tree trunks were also ex-
amined. Clearly identifiable taxa were listed
in the field and the others were determined
in the laboratory from collected samples.
Secondary metabolite composition was ana-
lysed by thin-layer chromatography (Orange
et al. 2001; Kubiak and Kukwa 2011). This
work produced more than 1490 records (col-
lected specimens and field records). Lichen
specimens collected during the study are de-
posited in the herbarium of the Department
of Botany of the Pedagogical University of
Cracow (KRAP).

Lichen taxa nomenclature follows Die-
derich et al. (2012) and Smith ez 2/ (2009),
except for Viollela (Spribille ez al. 2011), Ver-
rucaria (Krzewicka 2012), Cladonia conista
(Pino-Bodas et al. 2012) and Lecanora saxi-
cola (Laundon 2010); lichenicolous fungi are
described following Czyzewska and Kukwa
(2009).

The Results section gives an alphabetical
list of species, with substrate type, total number
of sites, and site number codes.

Abbreviations and symbols: OOR — Olkusz
Ore-bearing Region; * — lichenicolous fungus;
St. — number of sites, followed by site number
codes; EN — endangered species; VU — vul-
nerable species; NT — near-threatened spe-
cies; DD — data-deficient species (based on
Ciedlinski er al. 2006).

Habitat types, with site number codes
(Kapusta and Godzik — Chapter 6, this
volume):

ES — pine forest on sand: 22, 26, 28, 32,
33, 36, 37, 39, 40, 41, 42, 43, 44, 45, 47;

FW — pine forest on mining waste: 23, 24,
25, 27,29, 38;

GS - thermophilous grassland dominated
by Festuca ovina on sand: 3, 4, 8, 9, 12, 20, 46;

GW — thermophilous grassland on mining
waste: 1, 14, 15, 16, 17, 34; 51;

MW — grassland dominated by Molinia
caerulea on mining waste: 2, 13, 21, 30,
49, 50;

P — mesophilous grassland on old fields: 5,
6, 7,10, 11, 18, 19, 48.

Results

Overall, 94 species of lichens and 3 spe-
cies of lichenicolous fungi were found in the
Olkusz Ore-bearing Region. Four problem-
atic specimens were classified only to genus
(Bacidina sp., Epigloea sp., Macentina sp., Stig-
midium sp.), as their identification requires
further work. The list also contains Cladonia
and Verrucaria species that could not be deter-
mined due to poor development or degenera-
tion of the thalli.

Two lichen species found in the OOR,
Agonimia vouauxii and Vezdaea leprosa, are
first records for Poland. Thirteen other taxa
were not previously known from the Silesia-
Cracow Upland: Bacidina saxenii, B. chlo-
roticula, Cladonia conista, C. monomorpha,
Cladoniicola  staurospora, — Lichenoconium
erodens, L. lecanorae, Micarea nigella, Pla-
cynthiella dasaea, Ropalospora viridis, Scolicio-
sporum sarothamni, Thelidium fumidum and
Violella fucatus. Eighteen taxa are first records
for the OOR: Absconditella lignicola, Buellia
punctata, Caloplaca cerina var. muscorum, Cla-
donia chlorophaea, C. digitata, C. floerkeana,
C. rei, C. scabriuscula, Lecanora pulicaris,
Lepraria incana, Micarea nitschkeana, Placyn-
thiella oligotropha, P uliginosa, Pseudevernia
Sfurfuracea, Trapeliopsis granulosa, Verrucaria
Sfuscella, V. viridula and V. xyloxena.

The largest group comprised representatives
of Cladonia (19 species) and Verrucaria (8).

203



The most common species were Vezdaea lep-
rosa (26 sites), Lecanora conizaeoides (24),
Cladonia monomorpha (23), C. pyxidata (20)
(Fig. 1), Cladonia rei, Sarcosagium campestre,
Scoliciosporum  chlorococcum (18), Agonimia
vouauxii, Cladonia coniocraea, Micarea wmic-
rococca, Verrucaria bryoctona and V. muralis
(15 each). Lichen species were recorded in
all of the studied areas. Their number varied
considerably, ranging from one (site 38) to
38 species (site 14). Thermophilous grassland
was the richest in lichens, especially at sites 1,
3, 8, 14, 15, 17, 20, 34, 46 and 51, where
14-38 species occurred. Among the morpho-
logical forms, crustose lichens were dominant
(70 species). Less species-rich were fruticose
lichens (23 species) but they were frequent and
occurred in large populations. Only 8 species
having foliose form were found.

The lichen biota of the OOR developed
under the strong impact of a variety of anthro-
pogenic factors. This is seen in the effects and
in the types of taxa found:

* pionecer and ephemeral species able to
rapidly and efficiently colonise exposed
rock and soil, such as Sarcosagium camp-
estre (Fig. 2), Vezdaea leprosa, V. aesti-
valis, Steinia geophana, Bacidina saxenit,

Fig. 1. Cladonia pyxidata — a common terricolous lichen
in calamine areas (photo R. Koscielniak)

Ryc. 1. Cladonia pyxidata — czgsty porost naziemny w ob-
szarach galmanowych (fot. R. Koscielniak)
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Fig. 2. Sarcosagium campestre — an ephemeral species

(photo A. Flakus)

Ryc. 2. Sarcosagium campestre — gatunek efemeryczny

(fot. A. Flakus)

Leptogium  biatorinum and  Verrucaria
bryoctona);

* species with a documented ability to
tolerate and/or accumulate heavy metals
in thalli, such as Hypocenomyce scalaris,
Lepraria incana, L. elobata, L. jackii, Cla-
donia furcata, C. pocillum, C. fimbriata,
Peltigera didactyla, Hypogymnia physodes,
Stereocaulon incrustatum and Diploschistes
muscorum (Fig. 3);

* species dependent on the presence of zinc
and lead in substrate, such as Vezdaea

Fig. 3. Diploschistes muscorum — a hyperaccumulator of
zinc and lead (photo R. Koscielniak)

Ryc. 3. Diploschistes muscorum — hiperakumulator cynku
i ofowiu (fot. R. Koécielniak)



Fig. 4. Vezdaea leprosa — a common microlichen in post-
mining areas (photo A. Flakus)

Ryc. 4. Vezdaea leprosa — czgsty mikroporost w terenach

pogérniczych (fot. A. Flakus)

leprosa (Fig. 4), V. aestivalis and Bacidina
saxenii);

* dominance of species that form part of
epigeic communities and epibryophytes;
some colonise thalli of other lichens and
inhabit small rocks and pieces of wood
in the soil;

* conspicuous predominance of crustose
forms;

* visible morphological changes in multi-
thallus lichens (deformation, dwarfing,
crumbling of thallus fragments, discol-
ouration spots);

* scarcity of epiphytes, with the exception
of the most toxin-tolerant ones such as
Scoliciosporum chlorococcum and Lecanora
conizaeoides;

* small share of epixyliths.

The occurrence of rare and endangered
species is another feature that distinguishes
the lichen biota of the OOR from the other
lichen biotas of Poland. Three species have
their only localities in Poland there (Vezdaea
leprosa, Agonimia vouauxii, Thelocarpon imper-
ceptum). Also found are some very rare spe-
cies which have only single localities in Poland
(e.g. Bacidina saxenii, B. chloroticula, Cladonia

conista, Verrucaria xyloxena, the lichenicolous
tungus Cladoniicola staurospora), taxa under
legal protection in Poland (Caloplaca cerina
var. muscorum, Cetraria aculeata, C. islandica,
Cladonia mitis, Peltigera didactyla, P rufescens,

Pseudevernia  furfuracea, Stereocaulon incrus-

Fig. 5. Stereocanlon incrustatum — a fruticose lichen of the

OOR (photo R. Koscielniak)

Ryc. 5. Stereocanlon incrustatum — przedstawiciel porostéw
krzaczkowatych na terenie OOR (fot. R. Koscielniak)

tatum) (Fig. 5), and taxa endangered on the
national scale (Stereocaulon incrustatum EN,
Caloplaca cerina var. muscorum VU, Cetraria
islandica VU, Arthonia fusca N'T, Vezdaea aes-
tivalis DD) (Ciedlinski et al. 20006).

List of species

Absconditella lignicola Vézda & Pisat — pine
stumps in forest. St. 3 — FW: 29; FS: 39, 43.

Acarospora moenium (Vain.) Risinen [syn.
Aspicilia moenium (Vain.) G. Thor & Timdal]
— scraps of asbestos-based roofing material. St.

1 - GW: 14.

Agonimia vouauxii (B. de Lasd.) M.Brand
& Diederich — parts of plants, especially bryo-
phytes. St. 15 — GS: 3; P: 5, 7, 10, 11, 18, 19;
GS: 8, 9; MW: 13, 50; GW: 14, 15, 17, 34.
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Amandinea punctata (Hoffm.) Coppins
& Scheid.] — pine bark. St. 1 — GW: 14.

Arthonia fusca (A. Massal.) Hepp [syn.
Arthonia lapidicola (Tayl.) Branth & Rostr.] —
small stones. St. 3 — GW: 1, 15, 51.

Bacidia bagliettoana (A. Massal. & De Not.)
Jatta — parts of plants, especially bryophytes.
St. 9 — P: 6; GW: 14, 15, 16, 17, 34; FW: 23;
MW: 30, 50.

Bacidina chloroticula (Nyl.) Vézda & Poelt
— parts of plants, stones, in damp places. St.
9 — MW: 2, 30, 50; P: 10, 18, 19; GS: 12;
GW: 14; FW: 23.

Bacidina phacodes (Korb.) Vézda — damp

wood, fragments of bryophytes. St. 5 — MW
13; GW: 15; P: 19; FW: 24, 29.

Bacidina saxenii (Erichsen) combined. [syn.
Bacidia saxenii Erichsen] — remains of plants.

St. 1 - GW: 14.
Bacidina sp. — parts of plants. St. 1 - GW: 14.

Baeomyces rufus (Huds.) Rebent. — soil. St.
2 - GW: 1, 14.

Bilimbia sabuletorum (Schreb.) Arnold —
remains of plants, stones. St. 5 — GW: 14, 15;
FW: 23, 25; MW: 50.

Caloplaca cerina var. muscorum A. Massal. —
remains of plants. St. 1 — next to site GW: 14.

Candelariella aurella (Hoffm.) Zahlbr. —
stones. St. 3 — GW: 14, 15, 51.

Cetraria aculeata (Schreb.) Fr. — soil. St. 3 —
GW: 14, 15, 51.

Cetraria islandica (L. Ach. — soil. St. 1 —
GW: 14. Species common outside of the
studied sites.

Cladonia cariosa (Ach.) Spreng. — soil, stones.
St. 13 - GS: 3, 4, 8,9, 46; P: 6, 7, 10; GW:
14, 15; FW: 27; MW: 30, 49.
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Cladonia chlorophaea ( Sommerf. ) Spreng.
— humus. St. 4 — GS: 8 MW: 13; GW: 14;
ES: 44.

Cladonia coniocraea ( Florke ) Spreng. — tree
bark, stumps, pieces of wood. St. 15 — P: 18;
ES: 22,28, 33, 37, 41, 42, 44, 45, 47; FW: 24,
27, 29; GS: 46; GW: 51.

Cladonia conista (Ach.) Robbins — soil with
pebbles. St. 4 — GS: 8, 12, 46; MW: 30.

Cladonia digitata (L.) Hoffm. — soil, wood.
St. 2 — FS: 43, 44.

Cladonia fimbriata (L.) Fr. — soil, humus,
pine bark. St. 4 — FW: 23, 27; ES: 37; GS: 46.

Cladonia floerkeana (Fr.) Florke — soil. St. 1
— GS: 46.

Cladonia foliacea (Huds.) Willd. — soil. St.
4 — GW: 1, 14, 15; FW: 24. Species quite
common outside of the studied sites.

Cladonia furcata (Huds.) Schrad. — soil. St.
9 — GS: 8, 20; MW: 21, 30; FS: 37, 43, 45,
47; GS: 46.

Cladonia glauca Florke — soil, humus, wood,
pine bark. St. 12 - GW~ 1, 15, 16, 17, 34; P:
6; GS: 8, 46; FW: 23; MW: 30, 49; ES: 41.

Cladonia mitis Sandst. — soil, humus. St. 3 —
P: 7; FS: 41; GS: 46.

Cladonia monomorpha Aptroot, Sipman
& van Herk — soil. St. 23 — GW: 1, 14, 15,
16, 17, 51; GS: 3, 4, 8, 9, 20, 46; P: 6, 7, 19,
48; MW 13, 21, 30, 49, 50; FW: 24, 29.

Cladonia pocillum (Ach.) Grognot — soil,
humus, bryophytes. St. 9 — GW: 14, 15, 34,
51; P: 18, 19; FW: 23; MW: 30, 50.

Cladonia pyxidata (L.) Hoffm. — soil, humus,
bryophytes. St. 20 - GW: 1, 14, 15, 16, 17;
GS: 3,4, 8,9, 12, 20, 46; P: 19; MW: 21, 30,
49; FW: 23, 27; FS: 37, 41.



Cladonia rangiformis Hoffm. — sandy soil. St.
3 — GW: 14, 15; FW: 24.

Cladonia rei Schaer. — soil, humus. St. 18 —
GW: 1, 34, 51; GS: 3, 4, 8, 9, 12, 20, 46; P:
6,7, 18, 19; MW: 13, 21, 30; FS: 45.

Cladonia scabriuscula (Delise) Leight. — soil.
St. 4 — GS: 3, 4; P: 7; GW: 14.

Cladonia subulata (L.) EH. Wigg. — soil. St.
10 — GS: 3, 4, 8, 12, 20, 46; P: 7, 48; MW~
13, 21.

Cladonia symphycarpia (Florke) Fr. — soil. St.
5 - GW: 14, 15, 16; FS: 37; MW: 49.

Cladonia spp. — soil, humus. St. 8 — GS: 3; P:
5,18, 19; MW: 21; FS: 22, 42; GW: 51.

*Cladoniicola staurospora Diederich, Van
den Boom & Aptroot — Cladonia scales. St.
1 - GS: 3.

Coenogonium pineti (Schrad. ex Ach.)
Liicking & Lumbsch [syn. Dimerella pineti
(Ach.) Vézda] — pine bark. St. 2 — FS: 37, 44.

Collema limosum (Ach.) Ach. — soil. St. 6 —
GW: 1, 15, 17, 34, 51; FW: 23.

Collema tenax (Sw.) Ach. — soil. St. 1 —
GW: 14.

Diploschistes muscorum (Scop.) R. Sant. —
Cladonia sp. thalli, bryophytes, soil, pebbles.
St. 6 — GW-: 1, 14, 16; P: 7; ES: 41; MW 49.

Species common outside of the studied sites.

Diploschistes scruposus (Schreb.) Norman —
stones. St. 1 — GW: 14,
Epigloea sp. — soil. St. 1 — GS: 8.

Hypocenomyce scalaris (Ach.) M. Choisy —
pine bark, wood. St. 8 — FS: 22, 41, 42, 43,
44, 47; FW: 38; GS: 46.

Hypogymnia physodes (L.) Nyl. — pine bark.
St. 5 = GS: 8; FS: 26, 37, 42; FW-: 27.

Lecanora conizaeoides Nyl. ex Cromb. — pine
bark, wood. St. 24 — P: 11; GW: 16; FS: 22,
20, 28, 32, 33, 306, 37, 39, 40, 41, 42, 43, 44,
45, 47; FW: 23, 24, 25, 27, 29, 38; GS: 46.

Lecanora dispersa (Pers.) Sommerf. — stones.

St. 4 — GW: 1, 14, 15; FW: 27.

Lecanora pulicaris (Pers.) Ach. — pine bark.
St. 1 — FW: 24.

Lecanora saligna (Schrad.) Zahlbr — pine
wood. St. 2 — FW: 27, 29.

Lecanora saxicola (Pollich) Ach. [syn.
Lecanora muralis (Schreb.) Rabenh., Protopar-
meliopsis muralis (Schreb.) M. Choisy] — con-
crete. St. 1 — GW~: 14,

Lepraria elobata Tonsberg — pine bark, wood.
St. 12 - FS: 22, 32, 33, 306, 37, 39, 41, 42, 43,
44, 47; FW: 38.

Lepraria incana (L.) Ach. — pine bark, wood.
St. 3 — FS: 39, 43, 44.

Lepraria jackii Tonsberg — pine bark. St. 1
— FS: 44.

Leptogium biatorinum (Nyl.) Leight. -
stones. St. 3 — FW: 24; FS: 26, 37.

*Lichenoconium erodens M.S. Christ. & D.
Hawksw. — Lecanora conizaeoides thallus and

fruiting bodies. St. 3 — GW: 14, 15, 51.

*Lichenoconium lecanorae (Jaap) D. Hawksw.
— Lecanora conizaeoides fruiting bodies. St. 11
— FS: 22, 26, 32, 33, 39, 41, 43, 45; FW: 24,
25, 27.

Macentina sp. — parts of plants, especially
bryophytes. St. 10 — GS: 3, 12, 30; P: 6, 7,
10, 11, 18; MW: 13; GW: 17.

Micarea botryoides (Nyl.) Coppins — pine
bark and wood. St. 2 — FS: 22, 39.
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Micarea denigrata (Fr.) Hedl. — pine bark and
wood. St. 11 — GS: 3, 20, 46; GW: 14, 51;
FW: 23, 24; ES: 26, 41, 43, 45.

Micarea micrococca (Korb.) Gams ex Cop-
pins — pine bark. St. 15 — FS: 22, 26, 28, 33,
36, 37, 39, 40, 42, 43, 44, 45; FW: 24, 27;
GS: 46.

Micarea nigella Coppins — pine wood. St. 1
— FS: 33.

Micarea nitschkeana (J. Lahm ex Rabenh.)
Harm. — pine bark. St. 2 — FW: 24; FS: 43.

Mycobilimbia tetramera (De Not.) Vitik.,
Ahti, Kuusinen, Lommi. & T. Ulvinen ex
Hafellner & Tirk. — bryophytes. St. 1 —
GW: 14.

Parmelia sulcata Taylor — pine bark. St. 1 —
ES: 26.

Peltigera didactyla (With.) JR Laundon —
soil. St. 1 — MW: 30. Species quite common
outside of the studied sites.

Peltigera rufescens (Weiss) Humb. — soil. St.
1 — FS: 37. Species common outside of the
studied sites.

Phaeophyscia orbicularis (Neck.) Moberg —
stones. St. 2 — GW: 14, 15.

Physcia caesia (Hoftm.) Fiirnr. — concrete. St.

1 - GW: 14.

Placopyrenium fuscellum (Turner) Gueidan
& Cl. Roux [syn. Verrucaria fuscella (Turner)
Winch.] — stones. St. 2 — GW: 14, 15.

Placynthiella dasaea (Stirt.) Tonsberg — wood,
humus. St. 9 — FW: 24, 29; FS: 28, 39, 40, 42,
43, 44; GS: 46.

Placynthiella icmalea (Ach.) Coppins & P
James — wood, humus. St. 11 — P: 18; FW~
24; FS: 28, 33, 36, 40, 42, 43, 44, 45; GS: 46.
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Placynthiella oligotropha (J.R. Laundon)
Coppins & P. James — soil, humus. St. 4 — GS:
4, 8; MW: 21; GS: 46.

Placynthiella uliginosa (Schrad.) Coppins
& P. James — soil, humus. St. 1 — FS: 43.

Porpidia crustulata (Ach.) Hertel & Knoph —
wood, stone. St. 2 — GW: 14; P: 18.

Protoblastenia rupestris (Scop.) J. Steiner —
stone. St. 1 — GW: 51.

Pseudevernia furfuracea (L.) Zopft — spruce
twig on ground. St. 1 — FS: 26.

Ropalospora viridis (Tonsberg) Tonsberg —
pine bark. St. 1 — FW: 27.

Sarcosagium campestre (Fr.) Poetsch & Schied.
— soil, humus, bryophytes. St. 18 — GW: 1, 14,
15, 17, 34; MW 2, 13, 21, 30, 50; GS: 3, 20,
46; P: 10, 19; FW-: 23; FS: 37, 47.

Scoliciosporum chlorococcum (Graewe ex
Stenh.) Vézda — pine bark. St. 18 — P: 10; FS:
22, 26, 32, 33, 306, 37, 39, 40, 41, 42, 43, 45,
47; FW: 24, 27, 29; GS: 46.

Scoliciosporum sarothamni (Vain.) Vézda —
birch bark and wood. St. 4 — P: 10; FW: 24,
27; ES: 37.

Scoliciosporum umbrinum (Ach.) Arnold —

stones. St. 2 — GW: 14; FW: 25.

Steinia geophana (Nyl.) Stein — humus, soil.
St. 7-GW: 1, 14, 16, 34; MW: 2; P: 7; GS: 9.

Stereocaulon incrustatum Florke — soil. St.
2 — GW: 14; FS: 41. Species very common
outside of the studied sites.

*Stigmidium sp. — thalli of Agonimia vouauxii
and Vezdaea spp. St. 6 — GS: 3, 4, 8, 9, 20;
MW: 13.

Strangospora moriformis (Ach.) — stone, wood.
St. 1 — GW: 14.



Thelidium fumidum (Nyl.) Hazsl. — stone. St.
1 - FW: 27.

Thelocarpon imperceptum (Nyl.) Mig. — soil.
St. 1 - GW: 34.

Trapelia coarctata (Turner ex Sm.) M. Choisy
— pebble. St. 1 — P: 6.

Trapeliopsis flexuosa (Fr) Coppins & P
James — humus, soil. St. 7 — FW: 24, 29; ES:
33, 39, 41, 43, 44.

Trapeliopsis granulosa (Hoftm.) Lumbsch —
soil, humus. St. 3 — FS: 22, 40; GS: 46.

Verrucaria bryoctona (Th. Fr.) Orange — soil,
bryophytes. St. 15 — GW: 1, 15, 16, 17, 34;
MW: 2, 30, 50; GS: 4, 12, 20; P: 6, 7, 19;
FW: 23.

Verrucaria dolosa Hepp — pebbles. St. 3 —
MW: 2; GW: 15; FW: 23.

Verrucaria muralis Ach. — pebbles. St: 18 —
GW: 1, 14, 15, 16, 17, 34, 51; MW 2, 13, 30,
50; P: 6, 7, 19; GS:20; FW: 23, 25; ES: 26.

Verrucaria nigrescens Pers. — pebbles. St. 10
— MW-: 2, 50; P: 6, 18; GW: 14, 15, 17, 34;
FW: 27, 29.

Verrucaria obfuscans (Nyl.) Nyl. — pebbles.
St. 3 - GW: 14, 15, 17.

Verrucaria procopii Servite — pebbles. St. 3 —

GW: 15, 34; MW: 50.

Verrucaria viridula (Schrad.) Ach. [syn. Ver-
rucaria silvatica Zschacke] — pebbles. St. 1 —
GW: 15.

Verrucaria xyloxena Norman — soil. St. 1 —

GS: 12.

Verrucaria spp. — pebbles. St. 2 — P: 6;
FW: 27.

Vezdaea aestivalis (Ohlert) Tscherm.-Woess
& Poelt — soil, bryophytes. St. 13 — GW: 1,

14, 17, 51; MW: 2, 13, 21, 49; P: 6, 11; GS:
12, 20; FW: 23.

Vezdaea leprosa (P. James) Vézda — parts of
plants, especially bryophytes, soil, humus. St.
26 — GW: 1, 14, 15, 16, 17, 34, 51; MW: 2,
13, 21, 30, 50; GS: 3, 4, 9, 12, 20, 46; P: 10,
11, 18; FW: 23, 25, 27, 29; FS: 47.

Vezdaea rheocarpa Poclt & Débbeler —frag-
ments of bryophytes. St. 7 — MW: 2; P: 7, 18;
GW: 14, 15, 17; FW: 27.

Violella fucatus (Stirt.) Zahlbr. [syn. Myco-
blastus fucatus (Stirt.) Zahlbr. — pine bark,
wood. St. 2 — P: 10; FW: 24.

Discussion

The Olkusz Ore-bearing Region (OOR) is
characterised by considerable diversity of lichen
species, reflecting the variety of habitats in the
mining area, which includes sand, calamine
waste, and substrates of various pH, humidity
and insolation. The number of taxa identified
here is comparable with the number on lists
of lichens from similar European areas such
as in Belgium, the Netherlands, France, Ger-
many and the United Kingdom (Purvis and
Halls 1996; Heibel 1999). The lichen species
composition at different sites is not uniform. It
is determined by local edaphic, microclimatic
and biotic factors. The prevalence of particular
species varies as well.

Metallophytes — species that tolerate or
prefer high concentrations of heavy metals in
the soil — are indicators of plant communities
growing on soil naturally and/or secondarily
enriched with heavy metals. Due to their struc-
ture and biology, lichens generally are adapted
to living in hostile environments, including
those contaminated with heavy metals. It is
difficult to say which of the species growing in
calamine areas are obligate metallophytes, but
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clearly they all tolerate high content of heavy
metals in the soil and air. Sixty of them (50%)
have been recorded from other areas containing
zinc and/or lead in the substrate (Purvis and
Halls 1996; Heibel 1999; Cuny et al. 2004;
Banasovd 2006; Smith ez /. 2009; Rajakaruna
et al. 2011; Bielczyk and Kossowska 2015).
Many of them have the ability to tolerate
and/or accumulate these elements in their
thalli (Pawlik-Skowronska ez 2/. 2008; Pawlik-
Skowroniska and Backor 2011). Stereocaulon
species, especially S. nanodes, are mentioned as
fruticose lichens and as characteristic of envi-
ronments with zinc and lead. From that genus
only Stereocaulon incrustatum was found in the
OOR; it is not reported from similar areas in
Europe but occurs frequently in the study area.
It forms large populations there. Research by
Pawlik-Skowronska er 2/. (2008) showed that
it accumulates considerable amounts of heavy
metals in its thalli. Diploschistes muscorum,
recognised as a zinc hyperaccumulator, is also
a very common species (Sarret ez al. 1998).
A number of other species with crustose thalli
not shown to accumulate heavy metals appear
to be dependent on them. They include Vez-
daea leprosa and V. aestivalis, which outside
of metal-bearing areas are also found around
galvanised metal barriers on roads in Germany
and the UK (Ernst 1995; Gilbert 2000).
Similarly, Bacidina saxenii grows below metal
power-line poles and on zinc cans and oil tanks
(Gilbert 1990).

From the ecological point of view it is
worth mentioning the presence in the OOR of
lichens whose main component is autotrophic
blue-green algae (cyanobacteria). Their ability
to bind free nitrogen makes them an impor-
tant link in the trophic chain, especially on
nutrient-poor calamine soil. In calamine areas
this group is represented by Peltigera rufescens,
P didactyla, Stereocaulon incrustatum, Collema
limosum, C. tenax and Leptogium biatorinum.
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A characteristic feature of the OOR’s lichen
biota is the presence of a group of pioneering
lichens able to rapidly colonise exposed rock
and soil. They play a very important role in
the ecosystem because they stabilise the sub-
strate in the initial stage of plant succession.
Short-lived stress-tolerant ruderal lichens are
among the most typical lichens occurring on
unstable heavy-metal-contaminated substrates
around mines and smelters. They are difficult
to find due to the very small size of their thalli.
Some of them have a short life cycle and pro-
duce fruiting bodies only in wet seasons (Gil-
bert 2004). The following species found in
the OOR belong to this group: Sarcosagium
campestre, Vezdaea leprosa, V. aestivalis, Steinia
geophana, Bacidina saxenii and Leptogium
biatorinum.

Further research may turn up more
ephemeral species with small thalli that occur
in similarly disturbed habitats in various parts
of Europe. Species such as Epigloea soleiformis,
Gregorella  humida, Bacidia viridescens and
Gyalidea lecideopsis fit this type. They are tol-
erant of heavy metals in soil; in the UK they
grow near lead and zinc mines (Smith ez al.
2009). Such species have also been recorded in
Poland at single localities in the Carpathians
and the northwestern part of the country
(Ceynowa-Gietldon 2002; Czarnota 2003;
Czarnota and Coppins 2007; Flakus 2007).

Rare and very rare species are valuable
components of the lichen biota in the OOR.
Three of them — Vezdaea leprosa, Agonimia
vounauxii and Thelocarpon imperceptum — have
their only Polish localities there. V. leprosa is an
ephemeral lichen with a very short life cycle,
which reaches full development during late
fall and winter. In the studied area it occurs
abundantly at many stations. It grows on living
and dying ground bryophytes, less frequently
on parts of flowering plants and soil in ther-
mophilous grassland, wet grassland and pine



forest on mining waste, and more rarely among
the vegetation of fallows. This species, associ-
ated with substrate abundant in zinc and lead,
is a common component of the lichen biota
in heavy-metal-contaminated environments. It
is known from Europe, Madeira, North and
South America and Asia, where it occurs in
natural and anthropogenic habitats (Chambers
and Purvis 2009). Agonimia vouauxii was found
at 15 stations in the OOR, where it grows
on plant remains in thermophilous grassland
and wet grassland on mining waste, and less
frequently on sand and in fallows. In Europe
it is a rare species (Pykild 2007), recorded in
anthropogenic habitats (Sérasiaux er a/. 1999;
Vondrék ez al. 2010). Thelocarpon imperceptum
is a terricolous lichen found at one location on
a reclaimed mining excavation in the vicinity
of Bolestaw (Kiszka 2009). It is a very rare spe-
cies in Europe, reported from Switzerland and
Russia, and more recently found in the Neth-
erlands (van den Boom 2000) and Ukraine
(Khodosovtsevet et al. 2010).

In the analysed lichen biota, species pre-
viously known from only single localities in
Poland deserve special attention. Some of these
species have been described only in recent years
and their general distribution is still unknown.
Confirmation of their occurrence in the studied
area adds new localities to the lichen biota of
the country and raises the conservation value of
the area. These include Bacidina saxenii (Czar-
nota and Coppins 2007), Bacidina chloroticula,
Cladonia conista (Fattynowicz 2003), Verrucaria
xyloxena (Krzewicka 2012) and the lichenicolous
fungus Cladoniicola staurospora (Czyzewska and
Kukwa 2009). Also worth mentioning are two
microlichens very common in the studied area,
which are characteristic of post-mining sites in
Europe (Gilbert and Purvis 2009; Orange ez al.
2009). One is Sarcosagium campestre, an ephem-
eral species that forms fruiting bodies in wet,
cold periods during autumn and winter, usually

from August to February (Gilbert 2004). In the
OOR it grows on soil, mosses and vascular plant
remains, usually in thermophilous grassland on
mining waste, and occasionally in forests, fallows
and wet grassland. In Poland it is distributed in
lowlands and mountains (Faltynowicz 2003).
The second microlichen is Verrucaria bryoctona,
often encountered on remains of bryophytes
and flowering plants, usually in thermophilous
grassland on mining waste and sand, and rarely
among the vegetation in fallows. It is known
in Poland from single localities in mountains
(Tatra Mts, Bieszczady Mts, Gorce Mts, Sudety
Mits), in the Checiny region and in lowlands
(Pomerania, Kujawy) (Faltynowicz 2003; Krze-
wicka 2012).

The demonstrably unique character of the
lichen biota in the OOR calls for measures
to protect it (Bielczyk 2012). The most valu-
able elements of the lichen biota of Olkusz are
species found in ecologically specialised cala-
mine grassland communities of the Violetea
calaminariae class (Szarek-Fukaszewska and
Grodzinska 2011). Like the vascular plant
species, they are heliophilous and thermo-
philous, preferring alkaline soil and tolerating
heavy metals. Macrolichens have proper inso-
lation there; the herbaceous plants no longer
constitute an eliminating factor for them. The
microlichens are characterised by a particular
phenology: they develop and produce fruiting
bodies when the vegetation cycle is over, in
autumn and early spring or even winter. Mis-
guided remediation measures threaten this
group of species and whole communities of
calamine grassland (Kapusta ez a/. 2010).
These measures include afforestation of pits
and dumps, mainly with pine, which, together
with natural processes of overgrowing, shades
habitats and eliminates xerothermic species,
including terricolous lichens. Lichenological
studies in the Pleszczotka ecological area (cur-
rently a part of Natura 2000) give an example
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of this. Pleszczotka, an area of turf more than
a century old, legally protected since 1997,
began to be rapidly overgrown by pine. Zegleri
(2010) showed that terricolous lichens occur
there mainly in unshaded parts of the grass-
lands. Accumulations of needles under the
trees are another factor that limits the lichen
vegetation, which requires active protection
involving removal of trees and shrubs. All rare
lichen species require protection and constant
monitoring of their localities, as proposed by
Kiszka (2009) for protection of 7helocarpon

imperceptum.
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