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Abstract: During investigation of the bryophyte flora formed on igneous rocks enriched in metals, 
we identified a total of 183 bryophyte taxa (one hornwort, 33 liverworts, and 149 mosses). Nine 
taxa (two liverworts and 7 mosses) have been reported for the first time from Bulgaria, namely Ric­
cia michelii, Targionia lorbeeriana, Didymodon nicholsonii, D. tophaceus subsp. erosus, Epipterygium 
tozeri, Orthotrichum schimperi, Lewinskya acuminata, Schistidium dupretii, and Scorpiurium sendt­
neri. Two species (Philonotis calcarea and Syntrichia subpapillosissima) are included in the European 
bryophyte red list in the NT and DD category, respectively. Twenty-seven species (6 liverworts and 
21 mosses) have conservation importance based on recent knowledge on their distribution and 
threats affecting them in Bulgaria and neighbouring countries.

Key words: liverworts, mosses, new national records, species of conservation interest, southeastern 
Europe

INTRODUCTION

The bryophyte flora of Bulgaria has intensively been studied during the recent 
years (Gospodinov and Natcheva 2022, Natcheva and Gospodinov 
2024). Nevertheless, there are still areas that have received less attention. The 
Eastern Rhodopi Mts is among these poorly known regions in Bulgaria. Only 7 
species of liverworts and 65 species of mosses have been published from the area 
up to date (Gospodinov and Natcheva 2022, Natcheva and Ganeva 2005). 
A much larger diversity is expected considering the location of the region at the 
border of the temperate and Mediterranean climatic regions, the extremely di-
verse geological structure, and the presence of a large variation of habitats.

The aim of this study was to contribute to the knowledge of the bryophyte 
diversity of the Eastern Rhodopi Mts with a special emphasis on igneous rocks 
enriched in metals.
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MATERIAL AND METHODS

Description of the area investigated

The Eastern Rhodopi Mts is the easternmost part of the Rilo-Rhodopean massif, 
Southeast Bulgaria (Fig. 1). Geologically, it is the most diverse region in Bulgaria 
with a complex geological history and lithology. The landscape was formed by 
several rounds of volcanic activity, starting during the Palaeocene and ending in 
the late Oligocene. During this period, the territory of the Eastern Rhodopi Mts 
has been a complex island-arc system, consisting of depressions filled with shal-
low warm sea and the volcanoes formed islands and archipelagos. The volcanic 
activity gave rise to several metallogenic ore fields enriched with various heavy 
metals: Pb, Zn, Cu, Au, Sb, etc. Thus, the present geological structure is com-
posed of various igneous acid to ultrabasic rock formations (rhyolite, andesite, 
latite, basalt, etc.) and sedimentary (mostly organogenic carbonates and lime-
stone) rocks formed over the Precambrian to Mesozoic metamorphic basement 
(gneiss, schist, migmatite, and serpentinized ultrabasites) (Georgiev 2012). 
The metallogenic occurrences in the Eastern Rhodopi Mts have intensively been 
exploited since prehistoric times up to the present.

Fig. 1. Location of the area investigated.
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The study area belongs to the Continental-Mediterranean climatic region 
(Velev 2002). The mean January temperature is –3 °C – +4 °C and the mean July 
temperature is 16–24 °C. The annual precipitation is 500–900 mm, which is among 
the largest ones in the country for the lowland and the middle mountain belt, with 
a winter (November–January) maximum and summer-autumn (July–September) 
minimum (Yordanova et al. 2002). The altitude is 200–1000 m (mostly 200–600 
m). From a phytogeographical point of view, the Eastern Rhodopi Mts belong to 
the Illyric (Balkan) province of the European deciduous forest region with the 
predominance of xerothermic oak forests and scrublands (Bondev 2002). The 
study area has been inhabited by humans at least since the Neolithic and the land-
scape and vegetation are strongly affected by human activities.

Sampling sites

Sampling sites were selected in areas of metallogenic ore fields. Within each site, 
we attempted to cover the diversity of microhabitats and substrates as much as pos-
sible. Most of the study sites (with the exception of sites 12 and 13) belong to the 
Natura 2000 SCI site BG0001032 Rodopi – Iztochni (Rhodopi – Eastern).

1. W of Spahievo village, on the E slopes of peak Aida, andesite outcrop with 
heavy metals at rivulet Erikdere, 41° 53’ 55.3” N, 25° 18’ 41.0” E, 510 m, 12.06.2019.

2. W of the town of Madzharovo, by River Arda, andesite bedrock, by an old 
lead mine, 41° 38’ 16.3” N, 25° 51’ 02.1” E, 162 m, 13.06.2019.

3. W of the town of Madzharovo, by River Arda, andesite bedrock, by old 
lead mines, 41° 38’ 26.8” N, 25° 50’ 46.1” E, 143 m, 13.06.2019.

4. E of village Studen Kladenets, andesitobasaltic bedrock, 41° 36’ 33.5” N, 
25° 39’ 14.9” E, 183 m, 13.06.2019.

5. S of Golyamo Kamenyane village, abandoned mine area, metaserpentine 
bedrock, 41° 24’ 10.4” N, 25° 42’ 22.4” E, 440 m, 14.06.2019.

5x. S of Golyamo Kamenyane village, abandoned mine area, metaserpen-
tine bedrock, rocky dry grassland, rivulet, 41° 24’ 10.4” N, 25° 42’ 22.4” E, 440 m, 
15.06.2019.

6. By River Avrenska between Arven and Devesilovo villages, metaserpen-
tine bedrock, 41° 20’ 33.5” N, 25° 41’ 14.9” E, 380 m, 14.06.2019.

7. E of Kazak village, in serpentine grassland, 41° 24’ 43.4” N, 25° 53’ 03.7” 
E, 405 m, 15.06.2019.

8. Along the road from Kazak to Chernichevo, E of Chernichevo village, 
metaserpentine bedrock, 41° 21’ 29.1” N, 25° 48’ 34,2” E, 635 m, 15.06.2019.

8x. Along the road from Kazak to Chernichevo, E of Chernichevo village, 
metaserpentine bedrock, 41° 21’ 29.1” N, 25° 48’ 34.2” E, 635 m, 18.06.2019.

9. N of Sentse village, below old lead mines, stream with shaded basaltic and 
andesite rocks, 41° 27’ 24.1” N, 25° 28’ 21.7” E, 565 m, 16.06.2019.
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10. N of Sentse village, basaltic and andesite bedrock, 41° 27’ 36.3” N, 25° 
28’ 09.9” E, 535 m, 16.06.2019.

11. At mine Zvezdel, N slopes of peak Kalabak, acidic tufa bedrock, along a 
stream valley, 41° 27’ 17.2” N, 25° 30’ 25.4” E, 485 m, 16.06.2019.

12. SW of Gorna Yakovica village, dry grassland by a lead mine, on metaser-
pentine bedrock, 41° 18’ 35.3” N, 25° 15’ 30.4” E, 765 m, 17.06.2019.

13. E of Dzherovo village, along River Arabadzhiiska, sandstone bedrock, 
41° 18’ 52.1” N, 25° 18’ 55.4” E, 375 m, 17.06.2019.

14. At Studen Kladenets village, just below the wall of Studen Kladenets 
Dam, loc. Sheitan dere, andesitobasaltic rocks at the river, 41° 36’ 47.0” N, 25° 38’ 
23.9” E, 162 m, 19.06.2019.

Methods

The materials were collected in June 2019. Herbarium materials are deposited in 
the Herbarium of the Hungarian Natural History Museum, Budapest (BP) and 
in the Herbarium of the Institute of Biodiversity and Ecosystem Research, Sofia 
(SOM).

The nomenclature follows Hodgetts et al. (2020). The selection of spe-
cies of conservation interest is based on the European red list (Hodgetts et al. 
2019), the Bulgarian red list (Natcheva et al. 2006), and the Serbian red lists of 
hornworts and liverworts (Sabovljević et al. 2024a), and mosses (Sabovljević 
et al. 2024b). The recent red lists of Serbia, which is a neighbouring country of 
Bulgaria, give a very good overview of the threat status of the species in the region. 
Therefore, it was very useful to consider them. In some cases the red list of the 
neighbouring Romania was also considered (Ştefănuţ 2012). Abbreviations of 
red list categories are as follows: CR = critically endangered, EN = endangered, 
VU = vulnerable, NT = near threatened, DD = data deficient. The European 
distribution (floristical element categorisation) of species is given according to 
Düll (1983) for liverworts and Düll (1984, 1985) for mosses, while country 
distributions in Europe and red list status in countries according to Hodgetts 
and Lockhart (2020), with updates where relevant.

RESULTS AND DISCUSSION

During this study, we identified a total of 183 bryophyte taxa, i.e. one horn-
wort (Anthocerotophyta), 33 liverworts (Marchantiophyta), and 149 mosses 
(Bryophyta). The list of species is presented in Appendix. Nine taxa (two liver-
worts and 7 mosses) are reported for the first time from Bulgaria, and 130 species 
are new to the Eastern Rhodopi Mts. Two species are included in the European 
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bryophyte red list in the NT and DD category, respectively (Hodgetts et al. 
2019). Twenty-seven species (6 liverworts and 21 mosses) have conservation im-
portance based on the recent knowledge on their distribution and threats affect-
ing them in Bulgaria (Natcheva et al. 2006) and the neighbouring countries 
(Sabovljević et al. 2024a, b, Ştefănuţ 2012).

New additions to the Bulgarian bryophyte flora

Liverworts

Riccia michelii – It is a Mediterranean, sub-Atlantic liverwort. In the 
Western Mediterranean it is known from Portugal, Spain, France, and Italy, 
where it is red listed in the NT category. It also occurs in Switzerland, where it 
is VU. It is regionally extinct (RE) in Germany. In SE Europe it has records from 
Albania, Bosnia-Herzegovina, Croatia, Greece, and Montenegro. In the Eastern 
Rhodopi Mts it was collected in several dry grasslands near Studen Kladenets, 
Golyamo Kamenyane, Kazak, and Sentse villages.

Targionia lorbeeriana – It is a Mediterranean, sub-Atlantic liverwort. It is 
widely distributed in the Western Mediterranean, but CR in Italy. In SE Europe 
it is known from Croatia, Greece, and Montenegro. Considering the distribution 
of the species, the Bulgarian populations are at the northern edge of its range. In 
the Eastern Rhodopi Mts it was collected in a dry grassland near Kazak village.

Mosses

Didymodon nicholsonii – It is an Atlantic, sub-Mediterranean species living 
on rocks in streams and rivers, often below flood level (Smith 2004). It has a spo-
radic distribution from the Atlantic coast to Eastern Europe; known from Great 
Britain, Ireland, Balearic Islands, Canary Islands, Portugal, Spain, France, Italy, 
Belgium, the Netherlands, Germany, and Luxembourg, where it is red listed as 
VU. In SE Europe it has records from Albania, Greece, Montenegro, Serbia, and 
Slovenia. It is included in the recent red list of Serbia as VU due to its restricted 
area of occupancy and number of locations. In the Eastern Rhodopi Mts it was 
found in two sites by River Avrenska and at Studen Kladenets Dam.

Didymodon tophaceus subsp. erosus – This taxon has recently been described 
as Didymodon erosus from northwestern Spain by Jiménez et al. (2004). Later on, 
studies on the Didymodon tophaceus complex by Kučera et al. (2018) reduced 
Didymodon erosus to the subspecies level. The taxon is known from the following 
countries so far: France, Portugal, Spain, Austria, Germany, Luxembourg, and 
Hungary. From SE Europe it has been reported from Albania. It does not seem to 
be rare in the Eastern Rhodopi Mts evidenced by collections from four localities.
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Epipterygium tozeri – It is a sub-Atlantic, Mediterranean species widely 
distributed in the Western Mediterranean. It also has records from Great Britain 
and Ireland. It is also known from Switzerland, where it is red listed as VU. In 
SE Europe it has records from Greece, Montenegro, and the European part of 
Turkey. In the Eastern Rhodopi Mts it was found on soil at a streambank near 
Chernichevo village.

Lewinskya acuminata – It is a sub-Mediterranean, montane epiphyte. 
It is widely distributed in the Western Mediterranean region, and it is known 
from Great Britain, where it is red listed as VU. It has records from Belgium, 
the Netherlands, Switzerland, and Germany, where it is extremely rare. In SE 
Europe it occurs in Albania, Bosnia-Herzegovina, Croatia, Greece, Montenegro, 
and Slovenia. In the Eastern Rhodopi Mts it was found on the bark of a Quercus 
pubescens tree at mine Zvezdel.

Orthotrichum schimperi – It is an epiphyte species which was previously 
treated as a synonym of Orthotrichum pumilum Sw. in many flora works (Frey et 
al. 1995, Schäfer-Verwimp 2001), therefore it has not received adequate atten-
tion in many regions. It has a wide distribution in Europe; however, it is red listed 
in Portugal as CR, in Great Britain as VU, and in Sicily as NT. In Finland and 
Switzerland, it is in the DD category. In SE Europe it was known from almost all 
SE European countries except Bulgaria, the European part of Turkey, and North 
Macedonia. Later on, it has also been reported from the latter country (Papp et 
al. 2024a). In the Eastern Rhodopi Mts it was collected at two sites from Salix and 
Quercus barks.

Schistidium dupretii – It has a wide, but sporadic distribution in Europe, 
but probably it is still under-recoded. In SE Europe it is known from almost all 
countries except Bosnia-Herzegovina, Bulgaria, and the European part of Turkey. 
It is included in the recent red list of Serbia as VU due to its restricted area of oc-
cupancy and number of locations. In the Eastern Rhodopi Mts several patches 
were collected at Spahievo village on an andesite outcrop.

Scorpiurium sendtneri – It is a sub-Mediterranean species. It has a sporadic 
distribution. In the Western Mediterranean it is known from Portugal, France, Italy, 
and Spain, where it is in the DD category. In SE Europe it occurs in Albania, Croatia, 
Greece, Montenegro, and Slovenia, where it is red listed as EN. In the Eastern 
Rhodopi Mts it was found on andesite rocks by River Arda near Madzharovo.

Taxonomically noteworthy records

Cephaloziella divaricata var. scabra – It is a sub-Atlantic taxon. It is distin-
guished from var. divaricata by having strongly dentate leaves, verruculose cuticle, 
and frequently large conical outgrowths on the back part of the leaves below the 
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sinus (Damsholt 2002). It lives on exposed, dry acidic cliffs, ledges, and sandy 
heaths in Scandinavia (Damsholt 2002). In Great Britain and Austria it inter-
grades with more typical forms and according to Smith (1990) and Köckinger 
(2017) it cannot be maintained even at varietal rank. The specimens collected in 
many localities in the Eastern Rhodopi Mts contain a lot of shoots matching with 
the description of this taxon.

Figs 2–3. Leaf lobe of Cephaloziella divaricata var. scabra (loc. 2).

Fig. 4. An underleaf of Cephaloziella divaricata var. scabra (loc. 2).
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Lewinskya fastigiata – It is an epiphyte species of the temperate zones of 
Europe. Its previous name, Orthotrichum fastigiatum Bruch ex Brid., was treated 
as a synonym of Orthotrichum affine Schrad. ex Brid. in many widely used check-
lists (Hill et al. 2006, Ros et al. 2013). Lewinskya fastigiata was reinstated by 
Vigalondo et al. (2019), on the basis of integrative taxonomic analyses on the 
Lewinskya affinis complex. Therefore, the distribution of this taxon should be re-
investigated. In Bulgaria it was known from the Central Rhodopi Mts (Ganeva 
and Düll 1999). In the Eastern Rhodopi Mts it does not seem to be rare, several 
patches were collected at four localities.

Species of conservation interest

Liverworts

Cephaloziella hampeana – This is a northern sub-Atlantic liverwort, which 
is known in Bulgaria from Rila (Stefanoff and Petrov 1962) and the Vitosha 
Mts (Dimitrov et al. 2015). It is included in the Bulgarian red list as CR.

Clevea hyalina – So far, it is known from the Pirin (Petrov 1962, Meinun
ger 1975), Rila, and the Western Rhodopi Mts (Šmarda 1970). Despite being 
a subarctic-subalpine species according to Düll (1983), in Bulgaria it has been 
found at fairly low elevation under sub-Mediterranean climates, e.g. 400 m in 
this study and 850 m in the Southern Pirin Mts, as well as at 2,500 m in the cen-
tral part of the Pirin Mts. It has a wide, but scattered distribution in Europe. It 
is red listed in many countries where it occurs. It is known from Finland (EN), 
Norway, Svalbard, Sweden, Great Britain (CR), Andorra, Balearic Islands, 
France, Italy (CR), Spain, Austria (VU), Hungary, (EN), Germany (EN), Poland 
(VU), Slovakia (VU), and Switzerland (VU). In SE Europe it occurs in almost all 
countries except Bosnia-Herzegovina, Serbia, and the European part of Turkey. 
It is also red listed in Montenegro as CR and in Slovenia as VU. Towards east it 
is known from the Caucasus, Crimea, Ukraine, and NE and NW Russia. It is red 
listed as VU in Bulgaria.

Corsinia coriandrina – This species is known from the Black Sea coast (Pet
koff 1908), the Strandzha Mts (Petrov 1963), and the Valley of River Struma 
(Natcheva 2024). Despite the fact that this sub-Atlantic, Mediterranean spe-
cies is red listed as EN in Bulgaria, recent data suggest that it is more widespread 
in areas with sub-Mediterranean climate.

Scapania compacta – This is the second report and the first recent record of 
this species in Bulgaria. It has been found only at two localities in the Strandzha 
Mts (Petrov 1963). It is a sub-Atlantic, sub-Mediterranean element. It is EN ac-
cording to the Bulgarian bryophyte red list. It is also included in the bryophyte 
red list of Romania, in the DD category.
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Mannia androgyna – It has only one published record in Bulgaria, from the 
Southern Pirin Mts (Petrov 1962). It is a Mediterranean liverwort; hence these 
populations are at the northern edge of its distribution range. It is red listed as 
CR in Bulgaria.

Riccia crozalsii – This Atlantic, Mediterranean liverwort has recently been 
reported as new for the Bulgarian bryophyte flora partly based on the collections 
in 2019 in the Eastern Rhodopi (Ellis et al. 2024). Beside the Eastern Rhodopi 
Mts, it is known from the Struma valley (Western Bulgaria).

Mosses

Atrichum angustatum – In Bulgaria it is known from Eastern Stara Planina 
(Stefanoff and Petrov 1962), Strandzha (Papp et al. 2011), and the Forebalkan 
Mts (Natcheva and Gyosheva 2016). It is a sub-Mediterranean species being 
in DD category according to the Bulgarian red list. It is NT in Serbia due to its 
restricted area of occupancy and number of locations.

Bartramia aprica – It has only one locality in Bulgaria in the Valley of River 
Struma (Lüth 2007). This sub-Atlantic, Mediterranean species is in the DD cat-
egory in Serbia.

Bryum gemmiparum – It is the first recent record of the species in Bulgaria. 
Until now, it has been reported only from the Vitosha Mts (Podpéra 1911). This 
sub-Atlantic, sub-Mediterranean species is red listed as VU in Bulgaria. It is also 
VU in Serbia due to restricted and declining area of occupancy and number of 
locations and CR in Romania for similar reasons.

Cheilothela chloropus – It is the first documented report of this species in 
Bulgaria. It has been mentioned by Velenovsky (1902), however the voucher 
specimen in Velenovsky’s collection at PR was revised to Ditrichum flexicaule. 
Therefore, the species was excluded from the bryophyte flora of Bulgaria (Natche
va and Ganeva 2018). This Atlantic, Mediterranean species is included in the 
Bulgarian red list as VU. In the Serbian red list it is placed in the DD category.

Coscinodon cribrosus – It is known from the western and central part of the 
Stara Planina Mts (Ganeva 2002, Natcheva 2003). This is a boreal-temperate 
species living on acidic rocks (Smith 2004). It is red listed as VU in Bulgaria. Its 
sporadic distribution in the region is the consequence of the predominance of 
calcareous bedrocks in the Balkans. It is NT in Romania.

Dicranella cerviculata – It is the first recent and documented report of 
the species in Bulgaria. It is known only from the Vitosha Mts (Stefanoff and 
Petrov 1962). It is a boreal species living on damp acidic or gravelly soil (Smith 
2004). It has a pioneer character (Sauer 2000). In Hungary, it occurs in a single 
known location, on the aluminium-containing soil of an abandoned mining area 
(Erzberger and Papp 2004). It is in the DD category in Bulgaria.
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Dicranella howei – This species has recently been added to the bryophyte 
flora of Bulgaria from the Strandzha Mts (Papp et al. 2011), and this is the second 
report for the country. This Atlantic, Mediterranean species is red listed as NT in 
Serbia due to restricted and declining area of occupancy and number of locations. 
In spite of its Mediterranean character, it is also present in many Central European 
countries, e.g. Austria, Hungary, Germany, Luxemburg, and Switzerland, where 
it is VU. In Hungary it occurs in arid habitats like saline grassland and loess cliffs.

Fissidens viridulus – In Bulgaria it is known from the Central Rhodopi Mts, 
North Black Sea coast, and the Forebalkan (BP and SOM herbarium data). This 
sub-Mediterranean species is probably under-recorded due to its minute size. It is 
red listed as VU in Serbia due to restricted and declining area of occupancy and 
number of locations. It is NT in Romania.

Grimmia longirostris – This is the second known locality of the species in 
Bulgaria, the first being in the Rila Mts (Ganeva and Düll 1999). It is a boreal, 
montane species and red listed as VU in Bulgaria.

Grimmia muehlenbeckii – This species is known so far only from Rila (Lüth 
2007), Western Stara planina (Ganeva et al. 2008), and the Central Rhodopi Mts 
(Blockeel 1994). This is a species of the temperate zones of Europe living on 
exposed acidic rocks (Smith 2004) and red listed as VU in Bulgaria. It is also 
VU in Romania due to restricted and declining area of occupancy and number 
of locations. Its sporadic distribution in the region is the consequence of the pre-
dominance of calcareous bedrocks in the Balkans.

Gyroweisia tenuis – The specimen collected in the Eastern Rhodopi is the 
first valid record of this species in Bulgaria. It had been reported for the first time 
from Bulgaria from the Strandzha Mts (Papp et al. 2011), then later it had a record 
from the northern Black Sea coast (Papp et al. 2018), however these specimens de-
posited in the BP herbarium have been revised to Gymnostomum calcareum. Both 
turned out to be small forms of G. calcareum. It is a sub-Mediterranean and sub-
Atlantic montane element. It is widely distributed in Europe, but red listed in many 
countries, e. g. Finland (CR), Ireland (VU), Norway (NT), Sweden (VU), Portugal 
(CR), Spain (DD), Austria (Risk assumed), Czech Republic (VU), Germany (NT), 
Slovakia (VU), Hungary (NT), Latvia (Rare), and Lithuania (VU). In SE Europe it 
is known from all countries except Bosnia-Herzegovina, however red listed as VU 
in Romania and EN in Slovenia. There are many reports from the Balkan countries, 
but these should be carefully checked because many specimens are misidentified 
(Papp et al. 2023, 2024b). Guerra et al. (2006) also mention that this species is 
rarer in the Iberian Peninsula than it seems on the basis of literature data, because 
it is frequently mistaken for Gymnostomum species. In the Eastern Rhodopi Mts it 
was found in a cave entrance on metaserpentine rock near Gorna Yakovica village 
and on sandstone rock by River Arabadzhiiska near Dzherovo village.
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Philonotis calcarea – This subboreal element of wetlands is NT in Europe, 
because its habitat extent and quality are continuously decreasing in Europe 
(Sabovljević et al. 2019). It is also VU in Serbia due to restricted and declin-
ing area of occupancy, number of locations, and number of mature individuals. 
It is in the group of medium conservation priority in Europe according to the 
Priority Scores for conservation (Bisang et al. 2025). In Bulgaria it is relatively 
widespread but until now it has not been reported from the Eastern Rhodopi Mts 
(Natcheva and Ganeva 2005).

Philonotis capillaris – Until now, it has been reported from two localities 
(Petrov 1963, Papp et al. 2011). This northern sub-Atlantic species is vulner-
able (VU) in Bulgaria. It is also red listed in Serbia as EN due to restricted and 
declining area of occupancy and number of locations, and also EN in Romania 
for similar reasons.

Philonotis marchica – Known from four floristic regions in Bulgaria (Na
tcheva and Ganeva 2005) This sub-Mediterranean species is endangered (EN) 
in Bulgaria. It is also red listed in Serbia as VU due to restricted and declining 
area of occupancy, number of locations, and number of mature individuals. It is 
NT in Romania.

Rhynchostegiella curviseta – This species is a relatively new addition to the 
bryophyte flora of Bulgaria and it is known from the Western Stara Planina (Papp 
et al. 2006), the Strandzha Mts (Papp et al. 2011), and the Northern Black Sea 
coast (Papp et al. 2018). This sub-Mediterranean, sub-Atlantic element is in DD 
category in Serbia and in Romania.

Rhynchostegium confertum – In Bulgaria it is known form three localities 
(Petrov 1962, Mickiewicz et al. 1966, Natcheva and Ganeva 2022). This 
sub-Mediterranean, Atlantic element is red listed as NT in Bulgaria. However, this 
species is widespread in the Balkans, which is evidenced by several recent collec-
tions even from the neighbouring countries, like Serbia (Papp et al. 2016, 2019), 
Northern Macedonia (Papp et al. 2020), and Greece (Papp and Tsakiri 2011).

Schistidium papillosum – Until now, this species has been known only from 
the Pirin Mts (Lüth 2007). It is a boreo-arctic, montane species (Smith 2004). 
It does not seem to be rare in the Balkans, where acidic bedrocks occur. It has 
several records from the neighbouring Serbia (Papp and Erzberger 2007, Papp 
et al. 2012, 2016), Northern Macedonia (Papp and Erzberger 2012, Papp et al. 
2024c), and Greece (Papp and Tsakiri 2017).

Scorpiurium circinatum – This Atlantic, Mediterranean species is red listed 
as EN in Bulgaria and it is in DD category in the Serbian red list. In Bulgaria it is 
known from several localities in the eastern part of the country (Natcheva and 
Ganeva 2005, Papp et al. 2011, 2018). Considering the distribution of the spe-
cies, the Bulgarian populations are at the northern edge of its range.
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Syntrichia latifolia – This is a species of the temperate zones of Europe liv-
ing on tree barks near larger watercourses (Ahrens and Nebel 2000). There is 
only one old report of this species in Bulgaria (Stefanoff and Petrov 1962). 
Therefore, it is red listed as CR in Bulgaria. It is VU in Romania due to restricted 
and declining area of occupancy and number of locations.

Syntrichia princeps – This Atlantic, sub-Mediterranean species is red listed 
in Bulgaria as VU and it is known from only one floristical region – Pirin (Simon 
and Vajda 1959). It is in DD category in Serbia, and CR in Romania.

Syntrichia subpapillosissima – It is on the European red list as DD. It is 
treated as an Atlantic, Mediterranean species by Düll (1984). Being similar in 
the field to the common Syntrichia ruralis it is under-recorded, and its distribu-
tion is still not well known. There is only one location in Bulgaria (Papp et al. 
2018). It is VU in Serbia due to restricted and declining area of occupancy and 
number of locations.

Some other red-listed species in Bulgaria collected in the Eastern Rhodopi 
like Fissidens crassipes (VU), Marsupella funckii (VU), Microeurhynchium pumilum 
(EN), Oxyrrhynchium schleicheri (CR), Scleropodium touretii (EN), Syntrichia 
papillosa (EN), Trichodon cylindricus (VU), and Trichostomum brachydontium 
(VU) turned out to be not rare or threatened in the country based on investiga-
tions after the publication of the Bulgarian red list (Natcheva et al. 2006).

Bryophyte vegetation

The region is rich in dry grasslands and dry rocky places (Figs 5, 6, 7), which 
maintain high bryophyte diversity; 51.6% of the species collected live in these 
habitats. In the bryophyte assemblages of these dry habitat types sub-Atlantic-
sub-Mediterranean and Atlantic-Mediterranean species have the highest pro-
portion (47.8%). The species of the temperate zones of Europe are also impor-
tant constituents (32.6%). The proportion of boreal, subboreal species is 19.6%. 
They occupy and are sporadically found mostly in more shaded, humid micro-
habitats, like rocks crevices. Among the most frequent species of Mediterranean 
character several thalloid liverworts can be mentioned, like Mannia androgyna, 
Oxymitra incrassata, Riccia ciliata, R. ciliifera, R. crozalsii, R. nigrella, R. michelii, 
Reboulia hemisphaerica, and Targionia hypophylla. The most frequent sub-Atlan-
tic-sub-Mediterranean, and Atlantic-Mediterranean species are the following: 
Cynodontium bruntonii, Encalypta vulgaris, Dialytrichia mucronata, Didymodon 
luridus, Didymodon insulanus, Grimmia laevigata, G. tergestina, Pleuridium subu­
latum, Scleropodium touretii, Syntrichia princeps, S. subpapillosissima, Tortella 
squarrosa, Trichostomum brachydontium. Barbula unguiculata, Brachytheciastrum 
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Fig. 5. Dry andesite rocky outcrop by River Arda near Madzharovo (loc. 3).

Fig. 6. Dry serpentine grassland near Kazak (loc. 7).
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velutinum, Cephaloziella divaricata, Ceratodon purpureus, Grimmia muehlenbe­
ckii, G. pulvinata, Homalothecium lutescens, Hypnum cupressiforme var. lacunosum, 
Orthotrichum anomalum, Polytrichum juniperinum, P. piliferum, Ptychostomum 
capillare, P. imbricatulum, Riccia sorocarpa, Syntrichia ruralis, Tortula muralis, 
Trichostomum crispulum, Weissia controversa are the most frequently found spe-
cies of the temperate zones of Europe. Only two boreal (Coscinodon cribrosus, 
Racomitrium canescens) and a subboreal species (Grimmia ovalis) can be men-
tioned as common in these habitats.

On the shaded rocks and on acidic soil in forests, among the frequent, 
characteristic species we can find species of the temperate zones of Europe and 
sub-Atlantic, sub-Mediterranean species almost in the same number. Dicranella 
heteromalla, Fissidens bryoides, Fissidens dubius, F. taxifolius, Plagiomnium affine, 
P. undulatum, and Pseudoscleropodium purum are the most frequent temperate 
species, while Cirriphyllum crassinervium, Lejeunea cavifolia, Microeurhynchium 
pumilum, Oxyrrhynchium schleicheri, Rhynchostegium confertum, and Tortula 
schimperi are frequently found sub-Atlantic, sub-Mediterranean elements. In 
these habitat types a few boreal (e.g. Mnium stellare and Plagiothecium cavifo­
lium) and subboreal (Dicranum scoparium, Plagiochila porelloides, and Tortula 
subulata) species are also characteristic.

Fig. 7. Acidic tufa rocky slopes at mine Zvezdel (loc. 11).
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In the species composition of the aquatic-riparian bryophyte vegetation 
formed at rivers, streams, and rivulets (Figs 8, 9) species of the temperate zones 
of Europe and sub-Atlantic, sub-Mediterranean, and Mediterranean elements 
also take part almost in the same proportion. Apopellia endiviifolia, Cratoneuron 
filicinum, Hygroamblystegium tenax, Pohlia melanodon, Ptychostomum pseudotri­
quetrum, and Rhynchostegium riparioides are the most frequent temperate spe-
cies, while Bryum gemmiparum, Cinclidotus fontinaloides, Didymodon nicholsonii, 
D. sinuosus, Imbribryum alpinum, Lunularia cruciata, and Orthotrichum cupula­
tum var. riparium can be mentioned as frequent sub-Mediterranean, Mediter
ranean species. Only two species of northern distribution are common in the re-
gion in this habitat; the boreal, montane Philonotis tomentella and the subboreal 
Brachythecium rivulare.

The epiphyte flora mainly consists of species of the temperate zones of 
Europe, like Frullania dilatata, Radula complanata, Homalothecium sericeum, 
Hypnum cupressiforme, Leucodon sciuroides, Lewinskya affinis, L. fastigiata, Ortho­
trichum pumilum, O. schimperi, Syntrichia latifolia, and S. papillosa, but species 
with sub-Atlantic, sub-Mediterranean character also frequently appear in this 
habitat, too, e.g. Lewinskya acuminata, L. striata, Orthotrichum stramineum, O. 
tenellum, Pulvigera lyellii, and Zygodon rupestris.

Fig. 8. River Avrenska between Arven and Devesilovo villages (loc. 6).
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CONCLUSIONS

A bryological investigation in special habitats formed on metal-rich igne-
ous bedrock in the Eastern Rhodope Mountains has revealed several new na-
tional records and data on species of conservation interest. Most of the new 
additions to the Bulgarian bryophyte flora are species with sub-Mediterranean, 
Mediterranean, and sub-Atlantic distribution. Similar conclusions can be drawn 
about the species of conservation interest. The results suggest that the study area 
maintains high bryophyte diversity and species of Mediterranean character play 
an important role in the species composition of each habitat type. This very valu-
able bryophyte flora has developed in many cases in areas under high anthropo-
genic influence and pressure (e.g. at or nearby mining areas). Finally, we have 
to highlight the necessity of further research and adequate protection of these 
diverse bryophyte assemblages.

* * *

Acknowledgement – The study was financed by the Hungarian and Bulgarian Academies of 
Science within the framework of a bilateral research project between 2019–2021, entitled „Metal-
lophilic cryptogams – a poorly known group with high conservation value”.

Fig. 9. Below the wall of the Studen Kladenets Dam, loc. Sheitan dere, andesitobasaltic rocks by 
the river (loc. 14).
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Összefoglaló: „A Fémkötő kriptogámok – egy alig ismert csoport nagy természetvédelmi érté-
ke” című 2019–2021 között folyó kétoldalú akadémiai kutatási projekt keretében, 2019-ben a Kelet-
Rodope hegység ércben gazdag lelőhelyein, felhagyott bányák és meddőhányók térségében, valamint 
szerpentinit és homokkő alapkőzetű területeken vizsgáltuk a mohaflórát. Összesen 183 taxont (egy 
becősmohát, 33 májmohát és 149 lombosmohát) gyűjtöttünk. Kilenc mohát (két májmohát és 7 lom-
bosmohát) először mutattunk ki Bulgária területéről, amelyek a következők: Riccia michelii, Targionia 
lorbeeriana, Didymodon nicholsonii, D. tophaceus subsp. erosus, Epipterygium tozeri, Orthotrichum 
schimperi, Lewinskya acuminata, Schistidium dupretii és Scorpiurium sendtneri. Két faj (Philonotis 
calcarea és Syntrichia subpapillosissima) szerepelnek a 2019-ben publikált IUCN Európai Moha Vörös 
Listán a veszélyeztetettséghez közeli (NT), illetve az adathiányos (DD) kategóriában. Természetvé-
delmi szempontból 27 faj (6 májmoha és 21 lombosmoha) rendkívül fontosnak tekinthető, elsősor-
ban bulgáriai és balkáni szórványos elterjedésük, illetve az őket veszélyeztető tényezők alapján.
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Appendix – Complete list of bryophyte records. The numerals following the 
species names refer to the collection sites described above.

Liverworts

Apopellia endiviifolia (Dicks.) Nebel et D. Quandt – 5, 6, 9 – siliceous rock.
Barbilophozia barbata (Schmidel ex Schreb.) Loeske – 1, 4 – siliceous rock.
Barbilophozia sudetica (Nees ex Huebener) L. Söderstr., De Roo et Hedd. – 1 – 

siliceous rock.
Cephaloziella divaricata (Sm.) Schiffn. var. divaricata – 5, 8x, 10, 12 – siliceous rock.
Cephaloziella divaricata (Sm.) Schiffn. var. scabra (M. Howe) Haynes – 1, 2, 12 – 

siliceous rock.
Cephaloziella hampeana (Nees) Schiffn. ex Loeske – 8x – soil.
Clevea hyalina (Sommerf.) Lindb. – 5 – soil.
Conocephalum conicum (L.) Dumort. – 6 – siliceous rock.
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Corsinia coriandrina (Spreng.) Lindb. – 10 – soil.
Frullania dilatata (L.) Dumort. – 1, 3, 6, 7, 8x, 9, 11, 12 – bark of Alnus, Quercus, 

Acer monspessulanum, rocks.
Frullania tamarisci (L.) Dumort. – 2, 5 – siliceous rock.
Lejeunea cavifolia (Ehrh.) Lindb. – 3, 9 – siliceous rock.
Lophocolea heterophylla (Schrad.) Dumort. – 8, 8x, 9 – soil, rock.
Lophoziopsis excisa (Dicks.) Konstant. et Vilnet – 1 – siliceous rock.
Lunularia cruciata (L.) Dumort. ex Lindb. – 3, 8x, 14 – siliceous rock, soil.
Mannia androgyna (L.) A. Evans – 3, 10 – siliceous rock.
Marsupella funckii (F. Weber et D. Mohr) Dumort. – 2 – siliceous rock.
Marsupella sphacelata (Giesecke ex Lindenb.) Dumort. – 2 – siliceous rock.
Oxymitra incrassata (Brot.) Sérgio et Sim‐Sim – 4, 5x, 7 – siliceous rock, soil.
Phaeoceros carolinianus (Michx.) Prosk. – 8 – soil.
Plagiochila porelloides (Torr. ex Nees) Lindenb. – 1, 9 – siliceous rock.
Porella cordaeana (Huebener) Moore – 9 – siliceous rock.
Radula complanata (L.) Dumort. – 3, 9 – siliceous rock, Quercus bark.
Reboulia hemisphaerica (L.) Raddi – 2, 3, 4, 5, 7, 8x, 10, 12 – siliceous rock, soil.
Riccia ciliata Hoffm. – 5x, 7, 10 – soil.
Riccia ciliifera Link ex Lindenb. – 4, 5x, 7, 10 – siliceous rock, soil.
Riccia crozalsii Levier – 7, 10 – soil.
Riccia michelii Raddi – 4, 5x, 7, 10 – siliceous rock, soil.
Riccia nigrella DC. – 5x, 7 – soil.
Riccia sorocarpa Bisch. – 3, 9, 10 – siliceous rock.
Scapania compacta (Roth) Dumort. – 1, 2 – siliceous rock.
Solenostoma hyalinum (Lyell ex Hook.) Mitt. – 8x – soil.
Targionia hypophylla L. – 3, 4 – siliceous rock.
Targionia lorbeeriana Müll. Frib. – 7 – soil.

Mosses

Alleniella complanata (Hedw.) S. Olsson, Enroth et D. Quandt – 9 – siliceous rock.
Amblystegium serpens (Hedw.) Schimp. – 9 – siliceous rock.
Atrichum angustatum (Brid.) Bruch et Schimp. – 12 – bank of an artificial lake.
Atrichum undulatum (Hedw.) P. Beauv. – 8x – soil.
Barbula unguiculata Hedw. – 2, 4, 9, 11, 12 – siliceous rock.
Bartramia aprica Müll. Hal. – 10 – soil.
Bartramia pomiformis Hedw. – 2 – siliceous rock.
Brachytheciastrum velutinum (Hedw.) Ignatov et Huttunen – 2, 3, 9, 12 – sili-

ceous rock.
Brachythecium albicans (Hedw.) Schimp. – 1 – siliceous rock.
Brachythecium rivulare Schimp. – 8, 9, 13 – rock.
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Brachythecium rutabulum (Hedw.) Schimp. – 5 – siliceous rock.
Bryum gemmiparum De Not. – 4, 6, 14 – siliceous rock.
Calliergonella cuspidata (Hedw.) Loeske – 8, 8x – rock.
Campyliadelphus chrysophyllus (Brid.) R. S. Chopra – 12 – siliceous rock.
Ceratodon purpureus (Hedw.) Brid. – 1, 2, 5, 7, 8x, 9, 10, 11, 12, 13 – siliceous 

rock, soil.
Cheilothela chloropus (Brid.) Broth. – 5 – siliceous rock.
Cinclidotus fontinaloides (Hedw.) P. Beauv. – 4, 6 – siliceous rock.
Cinclidotus riparius (Host ex Brid.) Arn. – 4 – siliceous rock.
Cirriphyllum crassinervium (Taylor) Loeske et M. Fleisch. – 3, 4 – siliceous rock.
Coscinodon cribrosus (Hedw.) Spruce – 1, 2, 3, 11 – siliceous rock.
Cratoneuron filicinum (Hedw.) Spruce – 4, 5, 6, 9, 12, 14 – siliceous rock.
Cynodontium bruntonii (Sm.) Bruch et Schimp. – 1, 2, 3 – siliceous rock.
Dialytrichia mucronata (Brid.) Broth. – 4, 5, 14 – siliceous rock.
Dicranella cerviculata (Hedw.) Schimp. – 1 – soil.
Dicranella heteromalla (Hedw.) Schimp. – 1, 2, 8 – soil, siliceous rock.
Dicranella howei Renauld et Cardot – 11 – siliceous rock.
Dicranella schreberiana (Hedw.) Dixon – 12 – bank of an artificial lake.
Dicranella varia (Hedw.) Schimp. – 12 – bank of an artificial lake.
Dicranoweisia cirrata (Hedw.) Lindb. – 1 – siliceous rock.
Dicranum scoparium Hedw. – 1, 2, 8, 8x, 9, 12 – siliceous rock, soil.
Didymodon acutus (Brid.) K. Saito – 7 – soil.
Didymodon insulanus (De Not.) M. O. Hill – 2, 3, 4, 5x, 6, 8, 8x, 9 – siliceous 

rock, soil.
Didymodon luridus Hornsch. – 6, 12, 13 – siliceous rock.
Didymodon nicholsonii Culm. – 6, 14 – siliceous rock.
Didymodon sinuosus (Mitt.) Delogne – 1, 14 – siliceous rock.
Didymodon spadiceus (Mitt.) Limpr. – 6 – siliceous rock.
Didymodon tophaceus (Brid.) Lisa subsp. tophaceus – 5 – siliceous rock.
Didymodon tophaceus subsp. erosus ( J. A. Jiménez et J. Guerra) Jan Kučera – 5, 

6, 12, 14 – siliceous rock.
Didymodon vinealis (Brid.) R. H. Zander – 9 – siliceous rock.
Ditrichum pusillum (Hedw.) Hampe – 2, 8x – soil.
Encalypta vulgaris Hedw. – 5, 11 – siliceous rock, lime containing schistose rock.
Epipterygium tozeri (Grev.) Lindb. – 8x – soil.
Eucladium verticillatum (With.) Bruch et Schimp. – 14 – siliceous rock.
Eurhynchiastrum pulchellum (Hedw.) Ignatov et Huttunen – 3 – siliceous rock.
Fissidens bryoides Hedw. – 3, 8x, 9 – siliceous rock.
Fissidens crassipes Wilson ex Bruch et Schimp. – 14 – siliceous rock.
Fissidens dubius P. Beauv. var. dubius – 5, 12 – siliceous rock.
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Fissidens dubius var. mucronatus (Limpr.) Kartt., Hedenäs et L. Söderstr. – 7 – soil.
Fissidens taxifolius Hedw. – 8x, 9 – soil.
Fissidens viridulus (Sw. ex anon.) Wahlenb. – 7 – soil.
Fontinalis antipyretica Hedw. – 8 – rock.
Funaria hygrometrica Hedw. – 5 – siliceous rock.
Grimmia laevigata (Brid.) Brid. – 1, 3, 4, 5, 7, 11, 13, 14 – siliceous rock.
Grimmia lisae De Not. – 1, 3, 4, 5, 7, 13, 14 – siliceous rock.
Grimmia longirostris Hook. – 14 – siliceous rock.
Grimmia muehlenbeckii Schimp. – 1, 2, 3, 11, 12 – siliceous rock.
Grimmia ovalis (Hedw.) Lindb. – 1, 3, 5, 7, 11, 12, 13 – siliceous rock.
Grimmia pulvinata (Hedw.) Sm. – 2, 4, 5, 9, 11, 13 – siliceous rock.
Grimmia tergestina Tomm. ex Bruch et Schimp. – 11, 13 – siliceous rock.
Grimmia trichophylla Grev. – 11 – siliceous rock.
Gyroweisia tenuis (Hedw.) Schimp. – 12, 13 – siliceous rock.
Hedwigia ciliata (Hedw.) P. Beauv. – 11 – rock.
Hedwigia emodica Hampe ex Müll. Hal. – 3, 10, 13 – siliceous rock.
Homalothecium aureum (Spruce) H. Rob. – 4 – siliceous rock.
Homalothecium lutescens (Hedw.) H. Rob. – 2, 5, 9, 11 – siliceous rock.
Homalothecium sericeum (Hedw.) Schimp. – 1, 3, 8x, 9, 11 – Quercus bark, rock.
Hygroamblystegium tenax (Hedw.) Jenn. – 6, 9 – siliceous rock.
Hygrohypnum luridum (Hedw.) Jenn. – 13 – siliceous rock.
Hypnum cupressiforme Hedw. var. cupressiforme – 1, 3, 5, 6, 7, 8, 9, 10, 11, 13, 14 

– siliceous rock, bark of Alnus, Quercus, Acer monspessulanum, soil.
Hypnum cupressiforme var. lacunosum Brid. – 2, 4, 7, 11, 12 – siliceous rock.
Imbribryum alpinum (Huds. ex With.) N. Pedersen – 4, 5, 8x, 10, 11, 12, 13 – 

siliceous rock.
Isothecium alopecuroides (Lam. ex Dubois) Isov. – 9 – siliceous rock.
Kindbergia praelonga (Hedw.) Ochyra – 8x – soil.
Leptodictyum riparium (Hedw.) Warnst. – 14 – siliceous rock.
Leucodon sciuroides (Hedw.) Schwägr. – 1, 3, 7, 8x – bark of Quercus, Acer mon­

spessulanum.
Lewinskya acuminata (H. Philib.) F. Lara, Garilleti et Goffinet – 11 – Quercus bark.
Lewinskya affinis (Schrad. ex Brid.) F. Lara, Garilleti et Goffinet – 3, 6 – bark of 

Alnus, Salix.
Lewinskya fastigiata (Bruch ex Brid.) Vigalondo, F. Lara et Garilleti – 3, 8x, 11, 

12 – Quercus, rock.
Lewinskya rupestris (Schleich. ex Schwägr.) F. Lara, Garilleti et Goffinet – 8x, 

12 – rock, Quercus bark.
Lewinskya striata (Hedw.) F. Lara, Garilleti et Goffinet – 3, 6, 8x, 11 – bark of 

Salix, Quercus, Alnus.



BRYOPHYTE FLORA OF THE METALLIFEROUS AREAS IN BULGARIA 29

Studia bot. hung. 56(2), (2025) 2026

Microeurhynchium pumilum (Wilson) Ignatov et Vanderp. – 3, 8x – siliceous 
rock, soil.

Mnium stellare Hedw. – 8x, 9 – soil, rock.
Nogopterium gracile (Hedw.) Crosby et W. R. Buck – 3 – siliceous rock.
Orthotrichum anomalum Hedw. – 3, 6, 14 – siliceous rock.
Orthotrichum cupulatum Hoffm. ex Brid. var. cupulatum – 9 – siliceous rock.
Orthotrichum cupulatum Hoffm. ex Brid. var. riparium Huebener – 5, 6, 14 – 

siliceous rock.
Orthotrichum pumilum Sw. ex anon. – 7, 8x, 11 – Quercus bark.
Orthotrichum schimperi Hammar – 3, 11 – Salix bark.
Orthotrichum stramineum Hornsch. ex Brid. – 6 – Alnus bark.
Orthotrichum tenellum Bruch ex Brid. – 6, 7 – bark of Alnus, Quercus.
Oxyrrhynchium hians (Hedw.) Loeske – 5, 6, 14 – siliceous rock.
Oxyrrhynchium schleicheri (R. Hedw.) Röll – 8x, 9 – soil.
Philonotis calcarea (Bruch et Schimp.) Schimp. – 13 – siliceous rock.
Philonotis capillaris Lindb. – 2, 8x, 9 – siliceous rock.
Philonotis fontana (Hedw.) Brid. – 4 – siliceous rock.
Philonotis marchica (Hedw.) Brid. – 14 – siliceous rock.
Philonotis tomentella Molendo – 8, 8x, 9, 10 – rock.
Plagiomnium affine (Blandow ex Funck) T. J. Kop. – 3, 8x – siliceous rock.
Plagiomnium undulatum (Hedw.) T. J. Kop. – 8x, 9 – soil, rock.
Plagiothecium cavifolium (Brid.) Z. Iwats. – 8x, 9 – soil.
Pleuridium subulatum (Hedw.) Rabenh. – 4, 5, 8x, 12 – siliceous rock.
Pogonatum aloides (Hedw.) P. Beauv. – 8 – soil.
Pohlia melanodon (Brid.) A. J. Shaw – 5, 9, 14 – siliceous rock.
Pohlia nutans (Hedw.) Lindb. – 1 – siliceous rock, soil.
Polytrichum juniperinum Hedw. – 1, 4, 7, 10, 12 – siliceous rock.
Polytrichum piliferum Hedw. – 1, 2, 8, 8x – siliceous rock, soil.
Pseudocrossidium hornschuchianum (Schultz) R. H. Zander – 7 – soil.
Pseudoscleropodium purum (Hedw.) M. Fleisch. – 9, 11, 12 – siliceous rock.
Pterigynandrum filiforme Hedw. – 9 – siliceous rock.
Ptychostomum capillare (Hedw.) Holyoak et N. Pedersen – 1, 2, 3, 5, 9, 11, 12, 13, 

14 – siliceous rock.
Ptychostomum imbricatulum (Müll. Hal.) Holyoak et N. Pedersen – 5, 7, 11, 12 

– siliceous rock.
Ptychostomum pseudotriquetrum (Hedw.) J. R. Spence et H. P. Ramsay var. 

pseudotriquetrum – 6, 8, 8x, 10 – siliceous rock.
Ptychostomum pseudotriquetrum var. bimum (Schreb.) Holyoak et N. Pedersen 

– 6 – siliceous rock.
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Pulvigera lyellii (Hook. et Taylor) Plášek, Sawicki et Ochyra – 6, 11 – bark of 
Alnus, Quercus.

Racomitrium canescens (Hedw.) Brid. – 1, 4, 5x, 10, 13 – siliceous rock.
Racomitrium elongatum Ehrh. ex Frisvoll – 8x – soil.
Racomitrium lanuginosum (Hedw.) Brid. – 3 – siliceous rock.
Racomitrium sudeticum (Funck) Bruch et Schimp. – 2 – siliceous rock.
Rhizomnium punctatum (Hedw.) T. J. Kop. – 8x, 9 – soil, rock.
Rhynchostegiella curviseta (Brid.) Limpr. – 14 – siliceous rock.
Rhynchostegium confertum (Dicks.) Schimp. – 1, 9, 14 – siliceous rock.
Rhynchostegium megapolitanum (Blandow ex F. Weber et D. Mohr) Schimp. – 

12 – siliceous rock.
Rhynchostegium riparioides (Hedw.) Cardot – 4, 5, 6, 8, 9, 14 – siliceous rock.
Schistidium apocarpum (Hedw.) Bruch et Schimp. – 8x, 9 – rock.
Schistidium crassipilum H. H. Blom – 5,6 – siliceous rock.
Schistidium duprettii (Thér.) W. A. Weber – 1 – siliceous rock.
Schistidium papillosum Culm. – 1 – siliceous rock.
Scleropodium touretii (Brid.) L. F. Koch – 2, 3 – siliceous rock.
Scorpiurium circinatum (Bruch) M. Fleisch. et Loeske – 3 – siliceous rock.
Scorpiurium sendtneri (Schimp.) M. Fleisch. – 3 – siliceous rock.
Syntrichia calcicola J. J. Amann – 11 – lime containing schistose rock.
Syntrichia latifolia (Bruch ex Hartm.) Huebener – 3 – Salix bark.
Syntrichia montana Nees – 11 – siliceous rock.
Syntrichia papillosa (Wilson) Jur. – 3 – Salix bark.
Syntrichia princeps (De Not.) Mitt. – 2, 3, 5, 9 – siliceous rock.
Syntrichia ruralis (Hedw.) F. Weber et D. Mohr – 1, 2, 5, 7, 11 – Quercus bark.
Syntrichia subpapillosissima (Bizot et R. B. Pierrot ex W. A. Kramer) M. T. 

Gallego et J. Guerra – 5, 11, 13 – siliceous rock.
Thuidium recognitum (Hedw.) Lindb. – 9 – siliceous rock.
Tortella squarrosa (Brid.) Limpr. – 2, 4, 5, 7, 10, 11, 13 – siliceous rock.
Tortula inermis (Brid.) Mont. – 11 – lime containing schistose rock.
Tortula muralis Hedw. – 6, 11, 14 – siliceous rock.
Tortula schimperi M. J. Cano, O. Werner et J. Guerra – 2, 9 – siliceous rock.
Tortula subulata Hedw. – 2, 3, 8x, 9, 11, 12 – siliceous rock, Quercus bark.
Trichodon cylindricus (Hedw.) Schimp. – 12 – bank of an artificial lake.
Trichostomum brachydontium Bruch – 4, 5, 6, 7, 12 – siliceous rock.
Trichostomum crispulum Bruch – 6, 11, 12 – siliceous rock.
Weissia brachycarpa (Nees et Hornsch.) Jur. – 3, 12 – siliceous rock.
Weissia controversa Hedw. – 3, 5, 10, 12 – siliceous rock.
Zygodon rupestris Schimp. ex Lorentz – 8x – siliceous rock.


