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 The rocky outcrops of the river valleys of the Visschera and the Usva Rivers (Perm 
region) were examined during 2011 – 2013. This article presents the main results of the 

study of lichen communities on rocky outcrops, those of similar chemical composition, 

but of different physical properties of rocks. 72 species of 29 genera of lichens were 
determined on the examined rocks. Despite the similarity of chemical composition, 

lichen groups have significant differences in the number and the set of species. 

Apparently, an important environmental factor for lichens of examined rocks is the 
specific moisture capacity of the rock. 
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INTRODUCTION 

 

 Since 1995, the Botany Department of the Perm State Humanitarian Pedagogical University has been 

leading a systematic study of lichens taxonomic biodiversity in the Perm region [1]. Moreover, recently, the 

studies of the lichen on rock outcrops have been initiated using the geobotanical methods [2]. During 

the mentioned research, rocky outcrops of quartz sandstone in the valley of the Usva River and quartzite 

outcrops of metamorphosed sandstone in the valley of the Visschera River were examined.  

 The Visschera River is the left inflow of the Kama River; its length is 415 km, the area, it is the fifth longest 

river in the Perm Region, one of the most picturesque rivers of the Urals. Its origin is in the northeast of Perm 

region, on the border with the Republic of Komi and the Sverdlovsk region. 

 In the Krasnovishersky district, 22 km below the village of Wai, 60° 27.623 'N and 058° 15.064 'E, on the 

right bank there is the coastal cliff – Stone Fighter - composed of metamorphosed quartzite-sandstone. 

 The Usva is the right inflow of the Chusovaya River. It originates on the eastern slope of Mount Hariusny 

Stone (Northern Urals). The Usva flows through the Perm region from the north-east to the south-west, at the 

bottom part of the flow it changes its direction to the south-east and flows into the Chusovaya River. 

 In the Gremyachinsk district, near the village of Shumikhinskiy, in 0.5 miles below the mouth of the river 

Nirock, 58 ° 44.156 'N and 057 ° 43.271 'E there is a unique, from the lichenological point of view, object - the 

coastal cliff – Burnt Stone - composed of quartz sandstone. 

 The mentioned rocky outcrops are in similar conditions – they are on the banks of similar size rivers within 

the same botanical-geographical area [3]. Both rocky outcrops are exposed to the south-east.  

 Quartz sandstone and quartzite-sandstone are similar in their chemical composition, but differ greatly in 

their physical properties. Metamorphosed quartzite-sandstone is almost the monolithic rock, whereas quartz 

sandstone is characterized with a higher porosity. We suppose that the important characteristic for epilithic 

lichens is the specific substrate moisture content of the rock. 

 

MATERIALS AND METHODS 

 

 Fieldworks in the valley of the Usva River were conducted in May 2012, and in the valley of the Visschera 

– in May 2011 and August 2013. To identify the species composition of lichens, studying the lichen community 

structures on rocky outcrops the accounting areas (30x30 cm) were laid, to limit the areas, the frame of 

duralumin tubes divided into 100 equal squares was used. For each accounting area, its exposure, slope, lighting, 
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distance to the water's edge vertically were specified. Each site was photographed, and then the samples of all 

species growing there were collected. On a rock in the valley of the Usva River (test plot No. 1) 16 areas were 

set; on a rock in the valley of the Visschera River (test plot No. 2) - 33 accounting areas. 

 The office works included the identification of specimens, deciphering of sites pictures, calculation of each 

species occurrence, and determination of their abundance according to Braun-Blanquet scale [4]. Identification 

of lichen samples was conducted in the laboratory of the botany department of the Perm State Humanitarian 

Pedagogical University, using conventional methods of lichens study [5]. Information about the species 

determination of the samples, their occurrence and abundance were recorded in the database. The projective 

cover of each species was determined according to the sites pictures. 

 Specific moisture capacity of the rocks was determined periodically (15 min) by weighing samples to 

constant weight after daily soaking in distilled water. The samples were brought to the air-dry state in a 

thermostat at a temperature of 105
0
C. Weighing results were tabulated. Specific moisture content by weight for 

quartzites and stone was 0.8%, for quartz sandstone 3.6%. Based on the obtained data, the charts of samples 

weight reduction were compiled. 
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Fig. 1: Change of water content in drying samples. 

 

 As we can see from these graphs, sandstone possesses not only significantly higher moisture capacity, but it 

also longer retains the water. 

 

Results of the research: 

 During the research, on the habitats studied, 72 species of lichens belonging to 29 genera were identified. 

The understanding of taxeis corresponds to the list of the lichen flora of Russia [6] and CABI Bioscience 

Databases [7]. 

 Abbreviations of authors' names are given according to Kirk, Ansell (2003) [8]. On a coastal rock in the 

valley of the Usva River 28 species of lichens were found. On a costal rock in the valley of the Visschera – 52 

species. Only eight species of lichens are common to the both rocks. The coefficient of the species composition 

similarity (by Jacquard) is 0.12. 

 While analyzing the composition of lichens life forms of two studied habitats a significantly greater 

similarity than that in species composition was revealed. In the valley of the Usva and the Visschera Rivers the 

crustaceous (12 (42%) and 33 (63%) of the form respectively) and foliose (11 (39%) and 17 (32%)) species of 

lichens are dominating. Bushy life forms are presented here poorer, only 5 (17%) species were found in the 

valley of the Usva River and 3 (5%) in the valley of the Visschera River. The predominance of crustaceous and 

foliose lichens is characteristic of the rocky substrate in the Middle Urals [9].  

 The greatest similarity in species composition is observed for the lichens belonging to the class foliose 

andcrustaceous species. Common to both test plots among foliose lichens were 5 species, among crustaceous 

ones - 4 species. 
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 When analyzing the substrate confinement in this research, the substrate environmental groups 

classification developed by A.V.Melekhin and A.E. Selivanov was selected [10]. The analyzed rocky habitats 

contained not only epilithic species, but also the representatives of other substrate environmental groups. As 

expected, the most numerous group was silicate rocksepiliths: 62 species in both areas: 15 (53%) species in the 

valley of the Usva River and 47 (90%) species in the valley of the Visschera River. An interesting and 

significant feature of quartz sandstone outcrops should be also mentioned. It is a considerable number of species 

usually found only on wood substrates or plant residues. So a group of epiphytes on these rocks is represented 

by 6 species: Hypogymnia physodes (L.) Nyl., Mycoblastus sanguinarius (L.) Norman, Parmelia sulcata Taylor, 

Parmeliopsis hyperopta (Ach.) Arnold, Vulpicida pinastri (Scop.) J. - E. Mattson & M. J. Lai, Melanohalea cf. 

exasperatula (Nyl.) Essl. On the quartzite-sandstone cliff in the Visschera River valley, despite the high variety 

of  species, only 3 of them were found: Hypogymnia physodes (L.) Nyl., Melanohaleacf. exasperatula (Nyl.) 

Essl., Parmeliasulcata Taylor. 

 Besides the epiliths and epiphytes groups on the studied habitats the other not typical for the rocky 

substrates, substrate environmental groups, such as epigeic lichen, epiphyte-relicvith, epixylon were observed. 

The group of epigeiclichen contained 5 species on quartz sandstone in the valley of the Usva: Baeomyces rufus 

(Huds.) Rebent., Cetraria odontella (Ach.) Ach., Cladonia chlorophaea (Flörke ex Sommerf.) Spreng., 

Cladonia coniocraea Flörke Spreng., Cladonia digitata (L.) Hoffm., and also one species of the quartzite-

sandstone in the valley of the Visschera: Peltigera malacea (Ach.) Funck, the common species were not 

discovered. There were 3 species of epiphyte-relicvith: Lepraria neglecta (Nyl.) Erichsen, Icmadophila 

elveloides (Weber) Hedl., Lepraria incana (L.) Ach., one species (Lepraria neglecta) is common to both 

habitats. The only species of epixylon – Cladonia decorticata (Flörke) - was found on a rock in the valley of the 

Usva River. 

 Occurrence and abundance data of the species that make up the lichen community are shown in Table 1. 

Besides significant differences in the species composition of lichens on the first and second test areas, 

significant differences were detected in the various species combination in the composition of the lichen cover. 

The data representing phitocenotic role of lichens of the studied cenoses are presented in Table 1. 

Table 1. Species with the highest rates of occurrence 
 

Species 

Test plot 1 

(the valley of the Usva River) 

Test plot 2 

(the valley of the Visschera River) 

Occurrence (%) Plenty(points) Occurrence       (%) Plenty    (points) 

Cladoniadigitata (L.) 
Hoffm. 

44 + - 2   

Arctoparmeliacentrifuga 

(L.) Hale 

38 + - 2 6 1 

Arctoparmelia incurva 

(Pers.) Hale 

25 1 - 2 - - 

Parmelia saxatilis (L.) 

Ach. 

19 r - 2 24 1 - 2 

Rhizocarpon badioatrum 
(Flörke ex Spreng.) Th. Fr. 

19 1 - 2 - - 

Vulpicida pinastri (Scop.) 

J. –E. Mattsson & M. J.Lai 

13 r - 1 - - 

Baeomyces rufus (Huds.) 
Rebent. 

13 1 - 2 - - 

Lecidella scabra (Taylor) 

Hertel & Leuckert 

13 1 - 2 - - 

Rhizocarpon intersitum 
Arnold 

13 r - 1 3 1 

Aspicilia aquatica (Fr.) 

Körb. 

- - 12 1-2 

Aspicilia verrucigera Hue - - 12 1-2 

Brioria nitidula (Th. Fr.) 

Brodo & D. Hawksw. 

- - 12 + - 1 

Lasallia rossica Dombr. - - 9 1-2 

Lobotallia melanaspis 

(Ach.) Hafellner 

- - 9 1-2 

Melanelia stygia (L.) Essl. - - 12 1-2 

Phaeophyscia sciastra 

(Ach.) Moberg 

- - 9 1 

Rhizocarpon geminatum 
Körb. 

- - 12 1-2 

Umbilicaria vellea (L.) 

Hoffm. 

- - 12 + -3 

 

 This table contains the information about the species with a frequency of occurrence higher than average 

(11% for the test plot No. 1 and 7% for the test plot No. 2). As can be seen from the table, the test areas differ by 
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a set of dominant species. The cenotic role of the lichens from the different ecological substrate groups can be 

considered as the most striking difference of the described plots. Among the species with high occurrence and 

plenty on the test plot in the valley of the Usva River are lichens of epiphytes substrate-environmental groups: 

(Vulpicida pinastri, Mycoblastus sanguinarius), epigeic lichen (Baeomyces rufus, Cladonia digitata), epiphyte-

relicviths (Lepraria neglecta). This allows us to conclude that the quartz sandstone, as a substrate, has a number 

of important physical and chemical characteristics, similar to the substrates having a vegetable origin (periderm, 

cortex, rotten wood). It is logical to assume that one of these features is relatively high specific moisture content 

of sandstone. 

 In the valley of the Visschera River, on quartzite-sandstone the group of silicate rocks epilithslichens has 

the greatest frequency of occurrence and abundance. Other substrate-environmental groups, including the types 

of plant substrates, have a lower frequency of occurrence and abundance, as might be expected on a rocky 

habitat. 

 The similarity of test plots sets of dominant constant species confined to significant cenotic role to their 

epilithic lichen Parmelia saxatilis (L.) Ach. 

 Another important difference between the two groups of lichen can be mentioned: a significant number of 

species of periodically floods in the lower parts of the coastal cliffs of the rock Visherskaya. For example: 

Lobotallia melanaspis, Aspicilia aquatica, Rhizocarpon geminatum. Such species are completely absent on 

Usvinskaya rock. This fact can be explained by the absence of water terminating parts of Burnt Stone. 

 We can also mention the differences between the test areas in the set of life forms. At the first test plot a 

significant role (4 species, 44% of the leading species) goes to foliose lichens. While on the denser, 

metamorphosed quartzite sandstone the crustose species predominate. This fact can be explained by the fact that 

the sandstone is looser, less resistant surface than quartzite-sandstone, and gives foliose lichens growing 

advantage over slow-growing crustose ones. 

 Except the significant differences in between the lichen groups studied on coastal rock in the valley of the 

Usva River and quartzite-sandstone in the valley of the Visschera River, there are also the signs of similarity. So 

in both habitats the epiliths predominate with a great variety of crustose and foliose species of lichens. 

 When analyzing the results of the research, the following conclusions can be done: lichen species 

composition, the set of mass species, their life forms, and environmental groups are determined by the substrate 

features. Significant differences between the lichen groups on the similar chemical composition rocks points out 

the important role of the substrate physical properties, in particular its specific water capacity. 

In the future, the research team plans to conduct instrument measuring of habitat microclimatic 

features, study of the physicochemical properties of rocky substrates, which will provide more complete 

information about the features of epilithic lichen groups in the Middle Urals. 
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