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For the polar deserts of the Novaya Zemlya archipelago, the analysis of the dependence of the distribution of
lichens on altitude above sea level, exposure by cardinal direction, the granulometric composition of soils,
morphometric parameters of structural soils, the cover values of bryophytes and the total cover of cushion
forms of plants and lichens was carried out. Based on 157 sample plots, nine lichenocenotypes (lichen community formed in a specific type of habitat) were identified. It is shown that with increasing height (during
the transition from zonal to orozonal positions), the cover and the number of lichen species decrease. The
cover of lichens also decreases with an increase in the cover of mosses. With an increase in the content of a
fraction in soils of more than 0.125 mm, the species diversity and the cover of lichens increases. A total of
84 lichen species were identified, of which Thamnolia vermicularis s. l. is classified as the most active, nine
are highly active, 11—medium-active, the rest are little active and inactive. The current pattern of lichen distribution in the landscape of the far North of Novaya Zemlya is largely due to historical reasons―the youth
of the landscape, recently freed from the ice cover, an exceptionally high degree of mobility of the cover of
loose Quaternary deposits.
Keywords: lichens, lichenocenotype, habitat, species activity, altitude gradient, soil moisture, nivality, granulometric composition, polar deserts, Novaya Zemlya
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Lichens are the most important component of
polar desert communities, which reflects the main
ecological features of the polar desert zone. One of
such features is the intensive processes of physical
weathering, which leads to simultaneous colonization
of substrates by lichens and formation of sedimentary
sheaths of loose Quaternary deposits. The degradation
of glaciation cover accompanied by the gradual release
of more and more territories from ice sheets, soil drying and formation of ice-free habitats in the periglacial
zone of the glacier plays a special role in modern polar
deserts of the Northern Hemisphere. The formation of
the lichen flora is directly related to the presence or
absence of glaciation and the ecotope richness of area
(the factor of “deeply dissected” highlands: Oxner,
1974). However, lichens are not always the pioneers in
colonization of newly released substrates. This is due
to the prevalence of conditions of increased humidity
in the territory adjacent to the glacier, where both the
surface air layer and the substrates exhibiting the propa Komarov
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erties of viscous-fluid mass are saturated with moisture, which is extremely unfavorable for the most of
lichens, with their gravitation towards relatively dry
soils. The random factor (Lynge and Scholander,
1932), which is most important at the first stages of
soil development after the melting of the glacier,
becomes highly significant for lichen colonization in
Arctic territories under such conditions.
The distribution of lichens over the elements of
modern landscape depends on a number of factors:
the absolute elevation of the terrain and the rising (relative elevation) of microrelief elements one above
another, the distance from the sea shore (affecting the
temperature of the growing season), the slope exposure relative to the dominant winds (Daniëls, 1975;
Walker, 1989), slope gradient, snow cover (depth and
duration of bedding), coastal ice abrasion (Elvebakk,
1984), intensity of permafrost processes, soil profile
reaction (pH), soil moisture content, the color of outcropping rocks (John, Dale, 1990), the size and alignment of boulder and flagstone faces, the degree of
porosity and the presence of cracks in such surfaces
(Spitale, Nascimbene, 2012). These factors can be
divided into two groups with respect to the level of
manifestation of patterns: global, including height
above sea level, and local (topographic), including all
other patterns.
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The aim of the present investigation was to consider
the distribution of lichens in polar deserts of the
Novaya Zemlya Archipelago depending on a number
of abiotic and biotic factors: height above sea level,
exposure of the elements of relief by the four cardinal
points, granulometric composition and degree of
mobility of soils, snow cover depth and duration, soil
and surface moisture content, etc.
NATURAL CONDITIONS
OF THE RESEARCH AREA
The surveyed territory―the far north of the
Novaya Zemlya Archipelago (the region of Cape
Zhelaniya)―is located between 76°59′32″–76°50′25″ N
and 68°00′25″–68°49′34″ E and occupies an area of
about 45 km2. In this region, there are outcropping
rocks of different composition: sandstones, shale
rocks, siltstones, as well as marmorized limestones
and quartzites. At the heights of up to 100 m,1 there is
a complex of marine terraces (Bolshiyanov et al.,
2006), each stretching far inland for several hundred
meters. The hypsometric level of 100 to 140 m is a trail
with a north- and northeast-facing slope of 3°–5°,
composed of fine- and coarse-grained material with
the high content of crushed stone. A series of terraces
of the upper denudation plain is at a level of 200–
220 m, above which there is a glacial plateau stretching
for several kilometers at the heights of 220–260 m in
the form of a hilly–rolling plain. Loose Quaternary
sediments, 2.0–2.5 m thick, are represented by eluvium, colluvium, and solifluction deposits. There are
marked numerous forms of micro- and nano-relief
associated with manifestation of cryogenic processes
at all heights. These are different types of structural
soils: polygons, spots, steps and strips. The surface of
polygons is sometimes elevated in the central part, rising above the limiting fissure by 45–50 cm; the neighboring steps on gentle slopes are separated from each
other by a ledge–bench of 25–30 cm in height. All
slopes are characterized by the high intensity of colluvial processes resulting in widespread development of
stony placers (Semenkov, 2020). The high intensity of
these processes manifests itself in suppression of the
formation of structural soils on the slopes: in this case,
strip-type polygons or merely strips of crushed stone
with an admixture of loam are formed most frequently.
One can often see fresh portions of crushed stone–rocky
material on the surface of polygons or moss bridges separating them. The peculiarity of the granulometric composition of surface sediments, including the structural
soils composed of them, is the mixing of different fractions: sand, landwaste, breakstone, and fine flagstone.2
1 Hereinafter, the height above sea level, m, is indicated.
2 Such soils with a mixture of different fractions are a
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For example, on the polygons formed on seashore
pebbly spits there can be pebbles, gravel, sand, and
sometimes poorly waterworn flagstone within the
same small area. Several soil types have been described
in the surveyed area (Nikitin et al., 2021): strongly
skeletal residual carbonate pelozems, carbopetrozems,
petrozems, and cryozems. The mean perennial value
of air temperature is –9.6°С; the mean monthly temperature of the warmest month (August) is +2.3°С.
On sunny days, it is C colder by 1.5°–2.0° on the glacial plateau than on the coast. During the vegetation
period, especially in August, there are permanent fogs
and up to 20 cloudy days. The southeasterly and
northwesterly winds with the mean speed of 7.8 m/s
are dominant (Meteorologicheskie…, 2014). The
mean perennial relative humidity of air is 86%; the
annual precipitation is 207 mm (Grischenko, 2009).
The average thickness of snow cover on the coastal
plain and on the glacial plateau is 25–30 cm. Snow
melts in early July on the coastal plain and lies long in
the rear seams of terraces, depressions and river valleys
until late July–early August, which contributes to the
formation of nival situation here.
MATERIALS AND METHODS
Lichens were collected by S.S. Kholod during a
geobotanical study of the northernmost tip of the
Novaya Zemlya Archipelago, the surroundings of
Cape Zhelaniya (Severny Island). The work was carried out in the summer of 2015 and 2018. Geobotanical description were made on 4 × 4 m sample plots laid
out within a height range from sea level (pebbly spits)
to 266 m (the glacial plateau mark at a distance of 18
km from the seashore). Some sample plots were made
on the basis of geobotanical profiles including the main
types of habitats: coastal plain with a 1°–2° slope, terraces of different levels, terrace scarps, runoff gullies,
stony ridges, seaside spits, sandy and pebble beach,
etc. (Fig. 1). The distribution of lichens in the area
under study was analyzed in 157 sample plots where
lichens were found. Each relevé was accompanied by
assessment of abiotic parameters (see below). For all
vascular plants, bryophytes and lichens, the visually
estimated cover (%) was indicated. Lichens were identified by L.A. Konoreva using morphological-anatomical and chemotaxonomic methods (The lichen…,
2014).3
All obtained dependencies are based on data of
geobotanical descriptions: only the species composition of lichens recorded on the test plots (4 × 4 m) of
geobotanical descriptions is analyzed.
3 The

consequence of active cryolithogenesis typical of the polar regions of
the Earth; in literature, they are referred to as diamictone
(Washburn, 1988).
2022
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present work was not aimed at revealing the complete species composition of lichens, as was determined by setting the
task of field research: geobotanical survey of the territory and, in
addition, by impossibility of encompassing uniformly the communities of all types of habitats by the sample plots.
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Fig. 1. The location of the sample plots performed in 2015 and 2018. Digital designations: (1–9) lichenocenotypes; (10) glaciers;
(11) cliffs.

We understand habitat as the living environment of
a phytocenosis, which consists of environmental factors (entopia), environmental regimes (ecotope), and
the complexes of biotic and phytocenogenic factors
(Mirkin et al., 1989).The area of one habitat can vary
greatly in each particular case: from 3–4 to 18–20 m in
diameter. A single habitat can be, e.g., a large polygon
(up to 5–6 m in diameter), a saucer-shaped depression, a slope of a low ridge, the edge of a coastal plain,
etc. Some environmental parameters can vary within a
habitat, in particular, the granulometric composition
of soils, the height of nannofossil elements, moisture
content, etc. For example, crushed stone sandy loam
fractions may be prevalent in the central part of a polygon, while loamy crushed stone fractions may prevail
along its periphery. These differences can also be
accompanied by slight differences in moisture content
and the pattern of nanorelief. Thus, a habitat is a relatively heterogeneous formation with respect to the
characteristics of some environmental factors.4 This
circumstance, in its turn, determines some features of
lichen distribution within such a habitat. In particular,
the patches of the same lichen species can be simultaneously present on different soil fractions: on crushed
stone and coarse sand, or on crushed stone and fine
4 Habitat

is defined as a homogenous formation, but this homogeneity implies a certain degree of heterogeneity, in contrast to
complete homogeneity, which is referred to as homotony in literature (Vasilevich, 1983).

flagstone. Within such a habitat, the proportion of a particular fraction can vary, e.g., with the predominance of
flagstone (in the presence of flagstone), or flagstone with
coarse sand (in the presence of single boulders and flagstones). Each habitat in this case is recognized precisely
on the basis of this predominant fraction.
When distinguishing habitats, we took into consideration first large geomorphological elements such as
coastal plain or slope and then used more differentiated characteristics such as flat or hilly plain, bends,
foothills of terraces, narrow gullies, ridges, etc. In
addition to geomorphological parameters, which are
the leading ones, each habitat type is characterized by
its own ranges of other characteristics: the absolute
height, the spectrum of prevalent exposures, slope
steepness, the diameter of polygons and spots. Among
the numerous parameters of vegetation, the species
composition and cover of lichens were used for the
analysis. The work has shown the dependence of these
parameters on a number of abiotic and biotic factors.
The concepts of “lichenocenotype” (Kholod and
Zhurbenko, 2005) and “species activity” were used to
consider the peculiarities of lichen differentiation in
different habitats. Lichenocenotype is understood as
the totality of lichen species in one type of habitat, i.e.,
all particular sites assigned to this type. Thus, for
example, these could be the species observed on all
stony ridges or flat areas of the coastal plain, where
geobotanical description were made. The concept of
“lichenocenotype” is similar to the concept of “partial
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flora of ecotope” introduced by Yurtsev in 1982 (Yurtsev, 1982) to denote the totality of vascular plants for
one type of habitat. In addition to species composition, the lichenocenotype is characterized by the total
cover of lichens at each site (as a percentage of the
sample area of geobotanical relevé); the data on the
average cover for the lichenocenotype are given in the
text and in the Table 1. All lichenocenotypes in this
work have the same order number as the type of habitat. Each lichenocenotype can include both the species unique to this group and the species occurring in
several groups.
In this work we adhere to the definition of species
activity and gradations of its scale proposed by Yurtsev: “Active species are a prosperous element of the
flora, which is expressed in the increased number of
such species, the considerable width of their ecological
amplitude, and their uniform distribution over the territory” (Yurtsev, 1968: 5). Three parameters were considered to determine species activity: the number of
habitat types colonized by a species (the width of ecological amplitude of a species), the persistence of a
species in one type of habitat, and the cover of a species. The groups distinguished on the basis of species
activity were further subdivided into subgroups based
on the ratio of persistence and cover. The maximum
values of persistence and cover in all lichenocenotypes
were taken into account when assigning a species to
this category.
The value of persistence was calculated for each
species of lichenocenotype. This characteristic is presented as a 5-point scale with the following gradations
(percentage is the proportion of trial areas where this
species is present to the total number of trial areas in
the lichenocenotype): I, 1–20%; II, 21–40%; III, 41–
60%; IV, 61–80%; V, 81–100%. The cover of a species
was expressed in points based on the following scale: 1,
<1%; 2, 1–2%; 3, 3–5%; 4, 6–10%; and 5, >10%.5
The unevenness of the cover scale is due to the fact
that the vast majority of species in polar deserts have a
coverage in the range of 1 to 5%, and significantly
fewer or extremely few species have a coverage up to
10% or over 10%. The fractional scale corresponding
to the range of 1–5% (points 1–3) is designed to show
the variation in the cover of the most part of lichens in
polar deserts. There are five gradations (classes) for
the width of ecological amplitude according to the
number of colonized types of habitats: V (the most
active, eurytopic species), 9 types of habitats; IV
(highly active, hemi-eurytopic species), 7–8 types of
habitats; III (medium active, subhemi-eurytopic species), 5–6 types of habitats; II (low active, hemistheno5 The

conversion of the cover of lichens into points is used in the
Table 1 of species activity and in the text in the respective characterization of lichenocenotypes. At the same time, the values of
cover of individual species in percentage are also used in the
text, which makes description more informative. Point 1 (<1%)
is given to all species, the cover of which was assessed under field
conditions using symbol “+.”
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topic species), 3–4 types of habitats; I (inactive, stenotopic species), 1–2 types of habitats.
The height above sea level was determined with a
GPS navigator with an accuracy of ±3 m. The dependence of the number of species and the total cover on
the content of the skeletal fraction was determined by
the total content of all fractions larger than 0.125 mm
in the trial area: medium and coarse sand, landwaste,
gravel, crushed stone, flagstones, and boulders. Heat
supply was determined through slope exposure indicated by the following numerical scale (points): 1, N;
2, NE; 3, NW; 4, E; 5, W; 6, SE; 7, S; 8, SW.6 The relationship between the exposure and the cover of lichens
was determined only in the trial areas located in habitats with a slope of at least 2°; the parts of the habitat
with orientation different from that of the whole plot
were not taken into account. The morphology and
parameters of polygons and spots are given according
to A. Washburn (1988). All plants and lichens forming
spherical and hemispherical forms, sometimes multispecies mats of cushions with a clearly expressed
tubercular structure, were assigned to cushion plants.
The ecological scales for two environmental factors: moisture content and nivality (the extent of snow
cover), were constructed by the technique proposed by
L.G. Ramensky (Sobolev and Utekhin, 1973). A decile
of a ranked series was chosen as the functional mean
used as a basis for deriving the scale standard; the position of each particular group of lichens from some
habitat or another on the ecological scale was established by the method of “determining a place in the
ecological series”. The ecocline (a diagram of species
distribution on ecological scales) was constructed for
the species with the values of association with environmental factor in ascending order (left to right) of the
value of the species optimum on the scale.
Ecological groups were established for each of the
two scales based on the position of the optimum. The
species falling within the same range of species ecological amplitude were assigned to the same ecological
group (based on the variance of a weighted mean and
the eurytopic indices, see below). The ending “topes”
was used to denote that the species belonged to the
same ecological group,7 in view of their confinement
to a particular habitat, e.g., meso-xerotopes or microchionotopes. For each ecological group, the average
6 Similar sequence of slope exposures characterizing the moisture

gradient is presented in the work of Whittaker (Whittaker, 1980):
NE–N–NW–E–W–SE–S–SW (by the increase in dryness).
In our work, we have used a similar sequence for the gradient of
heat supply, assuming that these two gradients duplicate each
other on open slopes of polar deserts. On our scale, the first two
members of this series, NE and N, are rearranged, because
northern (but not northeastern) slopes on the extreme north of
the Novaya Zemlya Archipelago are the coldest, which is due to
extremely intensive northerly (cold) winds both in summer and
in winter.
7 Similar endings of the words for denoting the species belonging
to a particular ecological group were proposed by A.A. Nitsenko
in 1963 (Ipatov and Kirikova, 1997).
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distance between the optimums of ecological amplitudes of the species comprising this group was calculated only for the groups of at least 3 species. The subsequent ordination was used to establish the position
of each lichenocenotype in ecological space of the factors determining the abundance of lichens to the
greatest extent: moisture content, nivality, granulometric composition, and polygon diameter (as an
integral indicator of intensity of permafrost processes).
A number of dependencies presented in this work
were established for limited samples of 2 to 7 lichenocenotypes. This approach is based on the fact that the
complete set of lichenocenotypes in most cases does
not give reliable dependences. When establishing the
dependence between the number of species/cover of
lichens, on the one hand, and the ecotopic and biotic
parameters, on the other hand, we choose a sample of
such a volume that the coefficient of determination
(R2) in the regression equation would be relatively significant.8
The interrelationship between the number of species or their cover, on the one hand, and the environmental and vegetation parameters, on the other hand,
were analyzed using different types of regressions
(straight line, exponential, power and polynomial).
An empirical regression line was obtained for each
species based on the results of using the scales and
aligned (3-point moving average technique).
The following statistical parameters were used to
analyze the ecological scales:
● mean weighted factor intensity (the optimum of
the ecological amplitude of the species):
n

Xj =

n

m x /m ,
i i

i =1

i

i =1

where mi is the cover of the species in each scale standard; xi is the order number of the scale standard, and
n is the number of scale standards;
● strength of effect of the factor (closeness of relationship):

η2x = σ2x /σ2y ,
where η2x is the strength of effect of the factor; σ2x is the
variance determined by the effect of this factor (calculated before and after the procedure of alignment of
the line of empirical regression), and σ2y is the total
variance of the initial complex;
8 The

lowest value of coefficient R2 in the dependences that we
have obtained is 0.3466, which was conditionally taken as the
lower threshold relative to the significant value.

● reliability of the strength of effect of the factor:
Fcal > Ftab,
where the Fcal value was calculated before and after the
alignment procedure. The species that showed an
insignificant relationship with the environmental factor (Fcal < Ftab) after the alignment were excluded from
further processing (not presented in the respective
Table 1);
● Normalized variance of a weighted mean, σ2 (the
first indicator of ecological amplitude of a species):
n

σ =
2


i =1

n

mi ( xi − X i )2 /

m
i =1

i

,
σ2max
where xi is the order number of the scale standard; Xj is
the weighted average intensity of the factor; mi is the
cover of the species in each scale standard; and n is the
number of scale standards;
● eurytopia of a species, Hi (the second indicator of
ecological amplitude of a species):
n

 M log

−
Hi =

i =1

mi

2

mi
M

(Vasilevich, 1972),
log 2 n
where mi is the cover of the species in each scale standard; М is the sum of covers of a species over the entire
scale; and n is the number of scale standards.
Species were assigned to a particular category of the
width of ecological amplitude by dividing the ranges of
changes in σ2 and Hi (the minimum–maximum values) into 3 equal parts. Accordingly, 3 ranges of the
width of ecological amplitude were established in the
ecological groups of species based on the moisture and
nivality factors: narrow, medium, and wide.
Standard error was calculated for all values of the
mean. All statistical values were obtained at the significance level α = 0.05. The charts were constructed
with the standard Excel software package.
Lichen specimens are stored in the lichen herbarium of the Komarov Botanical Institute of the Russian
Academy of Sciences (LE).

RESULTS
Types of Habitats and Lichenocenotypes
Based on the above parameters, 9 types of habitats
and accordingly 9 lichenocenotypes were identified in
the surveyed area.
Habitat type 1: weakly sloping areas of the seaside
plain and the glacial plateau. The soils in these areas
are relatively dry, and snow usually melts in early July.
The sorting of soils leads to the formation of both large
(100–120 cm in diameter) and small (15–20 cm in
diameter) polygons. The cover of bryophytes is no
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more than 30% (Table 1). There are 32 species in the
lichenocenotype. Cetrariella delisei9 and Thamnolia
vermicularis s. l. are high-persistent (IV) and Ochrolechia frigida is medium-persistent (III). The average
total cover of lichens is 4.5%. The high values (point 4)
of cover in some areas are typical of the species
Cetrariella delisei, Ochrolechia frigida, and Stereocaulon rivulorum (Table 2, Fig. 2).

Fig. 2. Habitat type 1. A gently sloping part of the coastal
plain with small gravelly–loamy polygons.

Fig. 3. Habitat type 2. A horizontal section of the coastal
plain composed of loam with gravel. Strips with mosses are
confined to cracks in the ground; in the background: the
areas with stagnant water.

Habitat type 2: flat areas of the coastal plain composed of loams with admixtures of landwaste, crushed
stone, as well as small boulders pressed up to the surface. The thixotropic properties of loamy mass are well
marked. Some sites accumulate stagnant water after
rain. Soil sorting results in flat polygons or spots with
large-scale variation in diameter (Table 1). The maximum value of the cover of mosses is 40%. The
lichenocenotype includes 36 species. The following 3
species have the maximum values of persistence:
Ochrolechia frigida, Thamnolia vermicularis s. l. (V),
and Cetrariella delisei (IV); Cetraria islandica and Flavocetraria cucullata have the medium value of persistence (III). The average total cover of lichens is
4.8%. In this lichenocenotype, 2 species have the
highest values (point 3) of cover: Stereocaulon rivulorum and S. saxatile (Table 2, Fig. 3).
Habitat type 3: narrow gullies and sectors of reservoir
runoff with a water layer of 2–3 cm. The upper soil
horizons have a high proportion of heavy loams. In
between runoff strips, there are the areas of relatively
dry loams with crushed rock, forming rudimentary
forms of small polygons. The cover of mosses varies
within a wide range: from 15 to 85% (Table 1). There
are 5 species in the lichenocenotype, with Thamnolia
vermicularis s. l. showing the highest persistence (IV).
This group has the lowest average total cover of
lichens: 1.8%. The cover of 3 points is typical of Parmelia skultii, its thalli commonly occurring on the
cleaved facets of flagstone lying on the surface of loam
(Table 2, Fig. 4).
Habitat type 4: bends, rear seams of terraces, which
are characterized by intensive snow accumulation.
Soil sorting in these areas is weakly marked; often
polygons with a cross section of up to 110 cm form
steps on a slope (Table 1). The cover of mosses varies
in the range of 25–55%. There are 28 species in the
lichenocenotype. Flavocetraria nivalis, Ochrolechia
frigida, Thamnolia vermicularis s. l. (V), Cetrariella
delisei, Flavocetraria cucullata (IV) have the high values of persistence; Alectoria ochroleuca, Cetraria
islandica (III) have the medium values of persistence.
The average total cover of lichens is 9.4%. Flavocetraria nivalis, Ochrolechia frigida (5), Cetrariella delisei, Flavocetraria cucullata (4) had the highest values of
coverage (Table 2, Fig. 5).

Fig. 4. Habitat type 3. Flow strips with Deschampsia borealis. On the left, there is a relatively dry plot with planned
polygons.
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Latin names of lichens and mosses are given according to:
The lichen…, 2010, and Ignatov et al., 2006, respectively.
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Height above
sea level, m

Table 1. Habitat and vegetation parameters

0—17
2.8 ± 1.3

0—6
2.2 ± 1.6

0—3
1.6 ± 0.9

0—10
1.8 ± 0.9

0—8
2.7 ± 0.8

Slope
steepness,
deg

Mediummoist–dry

Intensely
moist–wet

Intensely
moist

Mediummoist–wet

Dry–mediummoist

Degree
of moisture

Heavy-medium
15—170
1—30
loam with crushed 56.0 ± 12.5 11.7 ± 2.1
stone

Silts, heavy-medi- 15—70
15—85
um loam with cru- 35.8 ± 10.8 43.3 ± 24.7
shed stone

MacrC Light loam, small 15—150
4—85
flagstone and
74.6 ± 18.1 23.9 ± 5.7
boulders

MacrC Light loam, sand, 25—95
25—55
small flagstones 45.0 ± 13.1 42.6 ± 5.9
and boulders

MsC

6—50
24.0 ± 6.0

8—40
27.9 ± 7.5

4—45
13.9 ± 12.8
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10.8 ± 2.9

0.5—15
7.2 ± 1.3

Coverage Coverage of cushiGranulometric Polygon or
of
on-shaped forms of
composition of spots diabryophytes all groups of plants
the surface horizon meter, cm
,%
and lichens, %

MacrC- Clays, heavy lo15—110 0.5—40.0
MsC ams with crushed 53.2 ± 12.1 17.5 ± 4.4
stone

MsC

Degree
of nivality
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3—124
N, 29
0—23
60.7 ± 42.1 W, 0
6.9 ± 3.9
E, 13
S, 29
without slope, 29

0—7
2.4 ± 1.1

Mediummoist–moist

Dry

Dry

Mediummoist–dry

Degree
of moisture

30—150
1—45
87.9 ± 19.1 15.8 ± 6.4

MacrC Medium loam,
crushed stone

Polygons 35—85
and spots 61.1 ± 17.3
are absent

15—90
0.5—15
62.5 ± 15.6 4.5 ± 2.5

Piles of blocks and 125—300
3—25
flagstone with a 215.0±74.9 14.3 ± 8.9
small content of
crushed stone

Crushed stone,
small flagstone

Cushion-shaped
forms are absent

Cushion-shaped
forms are absent

Cushion-shaped
forms are absent

2—60
20.6 ± 11.8

Coverage Coverage of cushiGranulometric Polygon or
of
on-shaped forms of
composition of spots diabryophytes all groups of plants
the surface horizon meter, cm
,%
and lichens, %

MesC- Light loam,
MicrC crushed stone,
sandy loam

aCMicrC

MicrC

Degree
of nivality

The minimum and maximum values, the average and its error are given; habitats of different degrees of snow cover: aC, achionic; MicrC, microchionic; MesC, mesochionic;
MacrC, macrochionic; the sample size for each type of habitat is given in Table 2.

9 The marginal parts
of the basement
terraces (seaside
and near-valley)

8 Slopes with actively
7—220
N, 28
moving material
72.2 ± 43.6 W, 18
E, 36
S, 18
without slope, 0

10—253
Without preferen- from 0 to 90°
127.0 ± 58.2 tial orientation by on one trial
the cardinal points
area

0—12
1.5 ± 1.4

Slope
steepness,
deg

7 Rocky ridges

Exposure,
percentageshare

4—325
N, 15
88.4 ± 45.4 W, 10
E, 5
S, 10
without slope, 60

Height above
sea level, m

6 Mounds of the
coastal plain, the
marginal parts of
the terraces

Type of habitat

Table 1. (Contd.)
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Habitat type, lichenocenotypes

1

2

3

4

5

6

7

8

9

average total coverage of lichens

4.5 ± 1.1

4.8 ± 1.2

1.7 ± 1.0

9.4 ± 5.3

6.6 ± 2.5

16.5 ± 5.5

49.0 ± 20.1

2.5 ± 1.3

7.6 ± 4.3

Table 2. The species composition of lichenocenotypes and indicators of the activity of lichen species in different types of
habitats

number of sample areas

37

28

8

9

32

20

5

13

7

number of species

32

Thamnolia vermicularis s. l
Cetrariella delisei
Ochrolechia frigida
Flavocetraria nivalis
Flavocetraria cucullata
Stereocaulon rivulorum
Cetraria islandica

36

5

28

32

46

25

18

31

1

V1–2

IV1

II1–3

II1–2

V1

II1–3

II1–2

V1–3

V

1–4

IV1

IV1–4

V1–5

II1–4

II2–3

IV1–3

I1

IV

1–4

V1–2

V1–3

V1–4

V1–3

II3–4

II1

III1

IV

1–2

1–3

1

IV
IV

Width of the
ecological
amplitude

III

1

II

V

I

IV

1

III1

IV1–3

I1

III1

I1

I1

IV1–3

IV

II

1–4

II1–3

II1–2

III1–3

II1–3

II1–3

I1

II2–5

IV

II

1–3

III1

III1–4

II1–3

III1–3

I1

II1

II1

IV

II1–3

I1

I1

II1–2

IV

I1

I1

I1

IV

I1

II1

I1

IV

III1–5

I1

III

I

II

1

I

1

II

I1

I1

Allocetraria madreporiformis

I1

II1

Lecidea ramulosa

I1

II1

Melanelia hepatizon

I1

I1

I1

Alectoria ochroleuca

I1

I1–2

III1–3

III1–4

II1

I1

III

I1–2

I1

I1

II1–5

I5

I1

III

Allantoparmelia alpicola
Rusavskia elegans
Vulpicida tilesii
Cetraria ericetorum
Cladonia gracilis
C. pyxidata
Cetraria aculeata
Stereocaulon alpinum

II1

IV

Parmelia skultii

Brodoa oroarctica

I3

1–3

I1
II1

I1

I1

I1

I1–4

II1–4

I1

1

I2

I3

I1

II1–4

I

III

I

1

II1–2

II1

I1

I1

II1

III

I

1

II1

II1

II1

I1

I1

III

I

1

I1

II1

I1

I1

II1

III

I

1

I1–2

I2

I1

I1

III

I

1

I1

I1

I1

I1

III

1

I1

II1–5

III1–3

II

I1

I1

III3–5

II

I1–3

III2–4

II

II1–3

I5

II

I1

I5

II

I4

I1

II

I
I1

I1
I4

Arctocetraria nigricascens

I1

Bryocaulon divergens

I1

I1

I

1

I1–3

I

1

I1

I1

1

I1

I1

Stereocaulon botryosum

I
I

1

I

II2–3

I1

II

I1

II
I1

I1

I1
1

I1

II1–3

Umbilicaria proboscidea

Dactylina ramulosa

II1

I

Sphaerophorus globosus

Alectoria nigricans

III

II1

II1

Tremolecia atrata

Megaspora verrucosa

III
I3

II1

Umbilicaria hyperborea

Stereocaulon saxatile

I1–4

1

Rhizocarpon geographicum
Pseudephebe pubescens

I3

II

I1

II

I1

II

I1
I1
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Habitat type, lichenocenotypes

1

2

3

4

5

6

7

8

9

average total coverage of lichens

4.5 ± 1.1

4.8 ± 1.2

1.7 ± 1.0

9.4 ± 5.3

6.6 ± 2.5

16.5 ± 5.5

49.0 ± 20.1

2.5 ± 1.3

7.6 ± 4.3

Table 2. (Contd.)

number of sample areas

37

28

8

9

32

20

5

13

7

number of species

32

36

5

28

32

46

25

18

31

Peltigera malacea

I

1

I1

Porpidia melinodes

I1
I

Sphaerophorus fragilis
I

II1–5

I

5

I

I
I

1

2

I

2–4

I

I1–4

I
1–2

Peltigera canina

II

Athallia holocarpa

3

I3

I

S. paschale

I3

Umbilicaria torrefacta

I1–2

Peltigera aphthosa

I2

I1

Stereocaulon tomentosum

I2

Lepraria gelida

I1

I2

I

I1

I
I

2

I
I

2

Biatora ementiens

1

I

Biatora subduplex

I
I

1

I

1

I
1

Caloplaca tiroliensis

I

I

Cetraria muricata

I

1

I

Cetraria odotella

1

I

I
I1

I

Cladonia arbuscula

I1

Cladonia macroceras

I1

Cladonia pocillum

I1

I
I

I1

I

Hypogymnia austerodes

I1

Hypogymnia bitteri
Lecanora intricata
Lopadium pezizoideum
Micarea assimilata

I

1

I

1

I

I1

I
I
I
1

I
1

Ochrolechia grimmiae

I

Peltigera venosa

I
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I

I1

Myriolecis dispersa
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I
I

I

Buellia epigaea

I
I

I1–2

Caloplaca saxicola

Circinaria caesiocinerea

I

I

Stereocaulon capitellatum

Stereocaulon vesuvianum

I

I

Umbilicaria cylindrica
Lecanora polytropa

II

1

I

Melanelia stygia

II

2–4

1

5

Width of the
ecological
amplitude

1

I1

I
I
I
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Habitat type, lichenocenotypes

1

2

3

4

5

6

7

8

9

average total coverage of lichens

4.5 ± 1.1

4.8 ± 1.2

1.7 ± 1.0

9.4 ± 5.3

6.6 ± 2.5

16.5 ± 5.5

49.0 ± 20.1

2.5 ± 1.3

7.6 ± 4.3

Table 2. (Contd.)

number of sample areas

37

28

8

9

32

20

5

13

7

number of species

32

36

5

28

32

46

25

18

31

Pertusaria geminipara

1

I

I

Physcia dubia

1

I
1

Physconia muscigena
I

1

I
1

Polycauliona candelaria

I

Protoblastenia rupestris

1

I

1

I

I1

I1

I

Rhizoplaca chrysoleuca

I1

Rinodina olivaceobrunnea

I1

Rinodina terrestris

I1
I1

Solorina crocea
Sporodictyon arcticum

I
I

I1

I

I1

I

I1

I

Stereocaulon glareosum
Thelenella muscorum

I
I

I

Protopannaria pezizoides

I
I

I

Placynthium asperellum

Psoroma hypnorum

Width of the
ecological
amplitude

I1
I

I1

I

1

Usnea sphacelata

I
1

I

I

Roman numerals in the main part of the table are activity points, classes are in the right column, the minimum and maximum values of
the coverage are indicated in the upper index. For the value of the average coverage, the error of the mean is given.

Habitat type 5: the lower parts and foothills of slopes
and high terraces, where soils with the predominance
of small flagstones and boulders (sometimes large) are
common. Large masses of snow accumulated in these
areas usually melt in mid-to-late July. While melting,
snow is actively filtered into the mass of flagstones and
large boulders; therefore, it is relatively dry here in the
second half of summer. The rudimentary forms of
polygons with a significant variation in diameter from
15 to 120 cm are predominant (Table 1). The cover of
mosses varies in a wide range: from 4 to 85%. The
lichenocenotype includes 32 lichen species. Two species, Setragella dellisie and Ochrolechia frigida, are
characterized by high persistence (V); Stereocaulon
rivulorum has medium persistence (III). The average
total cover of lichens is 6.6%. The high values of coverage were shown for 4 species: Cetrariella delisei (5),
Ochrolechia frigida (4), Melanelia hepatizon (4),
Lecanora polytropa (4) (Table 2, Fig. 6).
Habitat type 6: the hillocks of coastal plain, marginal
parts of terraces. These hillocks are composed of
crushed stone and fine stony material; its surface is

covered by a thin layer of snow (it is blown away by
winds during winter), which quickly melts in spring.
The habitats of this type are dry and low-snow (Table 1).
The maximum cover of mosses is 45%. There are
46 species in this lichenocenotype. Three lichen species have high persistence: Thamnolia vermicularis s. l.,
Ochrolechia frigida (V), Flavocetraria nivalis (IV). Persistence III is typical of 4 species: Cetraria islandica,
Flavocetraria cucullata, Melanelia hepatizon, Alectoria
ochroleuca. The average total cover of lichens is 16.5%.
Melanelia hepatizon, Brodoa oroarctica, Rhizocarpon
geographicum (5), Cetrariella delisei, Alectoria ochroleuca, Allantoparmelia alpicola, Arctocetraria nigricascens, Porpidia melinodes, Umbilicaria cylindrica (4)
have high coverage values (Table 2, Fig. 7).
Habitat type 7: stony ridges. On such ridges,
medium and small boulders and flagstones are predominant, with crushed stone usually accumulating in
the clefts between them. Snow is not retained here, so
these areas are always dry. The sorting of stony material is rather weakly marked: only occasionally, single
rounded polygons can be found on the flat tops of
DOKLADY BIOLOGICAL SCIENCES
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Fig. 5. Habitat type 4. The bend of terrace with mosses and
lichens Flavocetraria cucullatа, Ochrolechia frigida, Stereocaulon rivulorum, etc.

Fig. 6. Habitat type 5. The foot of the slope with flagstones
and boulders. On the left: rudimentary forms of gravelly–
loamy polygons separated by strips of flagstone with the
cushions of moss Hymenoloma crispulum.

Fig. 7. Habitat type 6. Dry gravel mounds of the coastal
plain. Lichens in the contact zones between the neighboring mounds: Flavocetraria cucullata, F. nivalis, Cetrariella
delisei, Cetraria islandica.

Fig. 8. Habitat type 7. Rocky ridges on the glacial plateau
composed of marbled limestones (height 230 m). Lichens
on the rock fragments: Pseudephebe pubescens, Allantoparmelia alpicola, Umbilicaria hyperborea.

ridges (Table 1). The cover of mosses varies in the
range of 3–25%. There are 25 species in the lichenocenotype of these habitats. Only 3 species (Rhizocarpon geographicum, Pseudephebe pubescens, and Umbilicaria hyperborea) have the highest values of persistence (III). This lichenocenotype has the maximum
average total cover of lichens: 49.0%. High coverage
values were shown for 10 species: Brodoa oroarctica,
Umbilicaria hyperborea, Sphaerophorus globosus, S. fragilis, Tremolecia atrata, Porpidia melinodes, Melanelia
stygia (5), Ochrolechia frigida, Allantoparmelia alpicola, Pseudephebe pubescens (4) (Table 2, Fig. 8).

mum cover of mosses is 15%. The lichenocenotype
includes 18 species. Only one lichen species, Cetrariella delisei (IV), shows high persistence. The average
total cover of lichens is 2.5%. Rusavskia elegans has
4-point coverage (Table 2, Fig. 9).

Habitat type 8: the slopes with actively moving material. Most of these habitats are slopes mantled with
shale blocks, which sometimes form strips, rarely
small hillocks. Snow melts relatively early and hence it
is dry here in the second half of summer. The maxiDOKLADY BIOLOGICAL SCIENCES
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Habitat type 9: the marginal parts of basement (seaside and valleyside) terraces. These terraces can be both
horizontal and sloping at 23°; their surface is usually
covered with a mantle of loose (crushed stone–loamy)
sediments. There is rather much snow in these areas,
and its melting is accompanied by formation of reservoir runoffs, the traces of which can be seen well as soil
strips between moss carpets. There are 30 species in
the lichenocenotype. The cover of mosses varies in the
range of 35–85%. Such covers are usually characteristic of crushed stone–loamy areas, often with the high
role of zoogenic factor (flocks of birds). Mosses con-
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Fig. 9. Habitat type 8. Mobile gravelly–loamy material on
the slope. On the right: strips formed by crushed stone with
vascular plants, mosses, and lichens.

Fig. 10. Habitat type 9. The marginal, gradually descending part of the watershed plateau with mosses in front of
the river canyon with bird markets.

tribute to the extension of the snowmelt period and to
the high level of permafrost (Table 1). Only this
lichenocenotype comprises Peltigera canina (persistence II). Thamnolia vermicularis s. l. (V) and Flavocetraria cucullata (IV) are highly persistent here. The
average total cover of lichens in this type is 7.6%. One
species (Stereocaulon rivulorum) has 5-point coverage
(5) (Table 2, Fig. 10).
Lichenocenotypes are characterized by a wide
spread of values of species richness: from 5 (type 3) to
46 (type 6). The high value of this parameter for the
latter type is determined by the crushed stony (coarse
and fine crushed stone), relatively dry substrate: the
conditions most favorable for colonization and establishment of lichens. Type 3, on the contrary, is formed
in the areas of reservoir runoff, where small patches of
lichens can exist only on bedrock fragments, small
fragments of relatively dry loam or on moss cushions
within the rings formed by the tundra hair-grass Deschampsia borealis rising above the soil surface, which is
often covered with a water layer of 1–2 cm. The relatively high values of species richness (32 and 36 species
in lichenocenotypes 1 and 2, respectively) characterize
zonal habitats: slightly sloping (1°–2°) or horizontal
areas of the coastal plain with the predominance of
crushed stone–loamy substrates and the absence of
water inflow from the higher hypsometric levels.
The species that determine the appearance of polar
deserts in the far north of the Novaya Zemlya Archipelago include only a few lichens. Among them there
is Cetrariella delisei with medium-to-high values of
persistence in some lichenocenotypes, which forms
clearly visible clusters of cushions or mats with a wavelike surface on crushed stone–loamy sites of the
coastal plain and the glacial plateau. Other species that
can be noticed in the vegetation cover are confined to
rocky placers or crushed stone clusters on dry ridges or
mounds at different levels of elevation. These are Brodoaoro arctica, Melanelia stygia, Porpidia melinodes,

Pseudephebe pubescens, Sphaerophorus fragilis, Tremolecia atrata, forming black, bright orange or brown
covers on the surface of big boulders and flagstones, or
on the crushed stony areas in the clefts between flagstones. In the marginal parts of the seaside plain, the
grayish white clusters of Stereocaulon rivulorum often
stand out against the dark green background of
mosses.
The high values of the average total cover of lichens
in lichenocenotype 7 are determined by the mass
development of crustose, bushy and foliose lichens
(Brodoaoro arctica, Melanelia stygia, Porpidia melinodes, Pseudephebe pubescens, Umbilicaria hyperborea)
on the facets of big boulders. The low values of coverage in lichenocenotype 3 are due to intensive watering
of the habitat (lichens inhabit only small plots of relatively dry loam or the facets of flagstone rising above
the water) and, in lichenocenotype 8, by substrate
mobility on slopes, preventing the formation of large
lichen patches and covers. The average total cover of
some lichenocenotypes is characterized by the high
error of the mean, often reaching 50% or more of the
absolute value. This is caused by large-scale fluctuations in the values of total cover that can be traced from
one particular site to another, which is determined by
the young geomorphological age of the territory (different stages of bedrock weathering and formation of
mobile loose deposits) relatively recently released
from under the glacial cover.
Lichen Species Activity
The total list of lichens includes 84 species.
One species, the Holarctic arctic–alpine species
with the bipolar type of the range, Thamnolia vermicularis s.l., belongs to the category of the most active
(class V) (Golubkova, 1983) (Table 2). This lichen colonizes all habitats at the extreme northern tip of the
Novaya Zemlya Archipelago, from coastal sandy–
DOKLADY BIOLOGICAL SCIENCES

Vol. 506

2022

LICHENS IN THE POLAR DESERTS OF THE NORTHERN TIP

pebble spits to the stony ridges and glacial plateau at
the heights above 300 m. This species has no coverage
values of more than 3%: in most cases, it is scattered in
the habitat, only rarely forming thin chains.
The highly active category (class IV) includes
9 species (Table 2). This group can be divided into 3
subgroups: (a) the species with persistence IV and V:
Cetrariella delisei, Ochrolechia frigida, Flavocetraria
nivalis, F. cucullata; (2) the species with persistence I–
III and coverage of 3–5 points: Stereocaulon rivulorum, Cetraria islandica; (3) the species with persistence I–II and coverage of 1–3 points: Parmelia
skultii, Allocetraria madreporiformis, Lecidea ramulosa.
The species Stereocaulon rivulorum forms clusters on
moss carpets at the margins of coastal plains adjacent
to steep slopes: the nesting places of colonial sea birds
(lichenocenotype 9); a cluster of thalli of this species
with a cover of 15% was found once. The lichen Allocetraria madreporiformis forms local clusters with the
coverage up to 10% in the areas of snow accumulation
at the foot of terraces and slopes (lichenocenotype 5);
Parmelia skultii was once found with 5% coverage on a
cluster of crushed stone on a dry hillock of the coastal
plain (lichenocenotype 6).
The moderately active category (class III) includes
11 species (Table 2). This group has 3 subgroups: (a)
the species with persistence I–III and coverage of 4
and 5 points: Melanelia hepatizon, Alectoria ochroleuca; (b) the species with persistence I–II and coverage of 4 and 5 points: Brodoa oroarctica, Allantoparmelia alpicola, Rusavskia elegans; (c) the species with persistence I and II and coverage of 1 and 2 points:
Vulpicida tilesii, C. ericetorum, Cladonia gracilis, C.
pyxidata, Cetraria aculeata, Stereocaulon alpinum. The
species Allantoparmelia alpicola and Brodoa oroarctica
sometimes form covers densely pressed to the surface
of big boulders and flagstones with 10% coverage; 25%
coverage was observed once (lichenocenotype 7). The
species Melanelia hepatizon and Rusavskia elegans
form small covers (coverage up to 5%) on coarse
crushed stone of dry hillocks of the coastal plain or on
single big boulders pressed out of soil during frost
heaving (lichenocenotype 6).
The low-active category (class II) includes 14 species (Table 2). This group comprises 3 subgroups: (a)
the species with persistence I–III and coverage of 4
and 5 points: Rhizocarpon geographicum, Umbilicaria
hyperborea, Pseudephebe pubescens, Tremolecia atrata,
Sphaerophorus globosus, Arctocetraria nigricascens;
(b) the species with persistence I and II and coverage
of 3 points: Bryocaulon divergens, Umbilicaria proboscidea, Stereocaulon saxatile; and (c) the species with
persistence I and coverage of 1 point: Megaspora verrucosa, Stereocaulon botryosum, Alectoria nigricans,
Dactylina ramulosa, Peltigera malacea. The species
Sphaerophorus globosus, Tremolecia atrata, and
Umbilicaria hyperborea form the clusters of thalli
between flagstones (on crushed stone), on the surface
DOKLADY BIOLOGICAL SCIENCES
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of single boulders, as well as the covers on big boulders, with a total coverage of 15–20% (a trial area on
flagstone with a cover of Tremolecia atrata up to 25%
was described once) in lichenocenotype 7. The clusters of Umbilicaria proboscidea lichens with up to 5%
coverage are constantly found on dry crushed stony
mounds (lichenocenotype 6); a patch of the lichen
Arctocetraria nigricascens with 7% coverage was found
once in the same lichenocenotype. The species
Pseudephebe pubescens and Rhizocarpon geographicum
in both lichenocenotype 6 and lichenocenotype 7 have
the coverage of 5–6% (rarely up to 10%). The first
species forms miniature patches tightly pressed against
shale blocks; the latter forms covers on the facets of
sandstone boulders. A cluster of small thalli of Stereocaulon saxatile with the coverage of 4% was found once
on a crushed stony fine-grained wet substrate in
lichenocenotype 2.
The inactive category (class I) is the largest and
includes 49 species (Table 2). This group of lichens is
found in 1 or, more rarely, 2 types of habitats. At the
same time, some of these species can form an appreciable cover in separate habitats belonging, as a rule, to
the same lichenocenotype. This gives grounds for
dividing this group into 2 subgroups: (a) the species
with persistence I and II and coverage of 3–5 points:
Porpidia melinodes, Sphaerophorus fragilis, Melanelia
stygia, Umbilicaria cylindrica, Lecanora polytropa, Athallia holocarpa, Stereocaulon capitellatum, S. paschal;
and (b) the species with persistence II and 2-point
coverage: all other species (a total of 41) belong to this
subgroup. Here, Peltigera canina occurring on mosses
of the marginal parts of seaside terraces (persistence II,
coverage 2 points) is notable. The lichen Porpidia
melinodes forms growths on the splits and faces of large
sandstone boulders, and their cover within the trial
area can reach 35% (lichenocenotype 7). The mats of
Melanelia stygia are formed on the same rocks with the
coverage up to 20%; once, a cluster of Sphaerophorus
fragilis thalli with 15% coverage was found on crushed
stone among flagstone placers. The increased abundance of Lecanora polytropa and Stereocaulon capitellatum (3–4% for each) was noted in the places of latelying snow (lichenocenotypes 4 and 5).
Species Number
The height-related changes in species number are
due to the polynomial dependence for lichenocenotypes 1 and 6 (Fig. 11a). This number is 16 in the habitat of lichenocenotype 6 at the height of 20 m (hillocks in the marginal part of the seaside plain) and no
more than 4 at the height of 300 m and more (hillocks
and convex polygons on the glacial plateau). The
number of species in lichenocenotype 1 is 8–9 at the
height of 30 m (the seaside plain) and decreases to 1–
2 at the height of 230–240 m (the marginal part of the
glacial plateau). Both lichenocenotypes are characterized by relatively high species diversity, with licheno-
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Fig. 11. The relationship between the number of species
and: height above sea level, m (a), the content of the gravelly–stony fraction (more than 0.125 mm) (b). The ordinate axis indicates the number of species (a, b), the
abscissa axis indicates the height above sea level, m (a), the
fraction content is more than 0.125 mm, % (b). The
numerical designations in diagrams (a, b): (1, 2) are
lichenocenotypes 1 and 6.

cenotype 1 being formed in zonal and, at high altitudes, orozonal positions.10 All other lichenocenotypes (confined to crushed stone–loamy and crushed
stone soils, moderately or weakly moistened) also
exhibit a height-related decrease in species number,
but this dependence is extremely weak (R2 below 0.1).
On the glacial plateau, starting from the height of
220 m, there are no lichen species typical solely of this
altitudinal level: here, only the species that are common for the lower hypsometric levels fall out of
lichenocenotypes.
The polynomial dependence of species number on
the content of the skeletal fraction in the trial area was
shown for lichenocenotypes 1 and 6, the sequence of
which in the diagram (left to right: Fig. 11b) corresponds to the habitat gradient with respect to granulometric composition: crushed stone–loamy (type 1) to
crushed stone (type 6). The range of species numbers
changes from 1–10 to 2–14 species at transition from
lichenocenotype 1 (the content of >0.125-mm fractions is 20–50%) to lichenocenotype 6 (50–80%).
10Orozonal

positions are the habitats with all parameters corresponding to the zonal habitats but on different altitudinal levels
compared to zonal proper.

The relationship between the absolute height and
the total cover of lichenocenotypes 5 and 6, which is
described by the power function, has been established
(Fig. 12a).
The relatively high coverage (35–50%) is characteristic of lichenocenotype 6 at the heights up to 20 m,
i.e., for the parts of the seaside plain that are closest to
the sea shore. At the heights of ca. 70 m, the cover in
both groups abruptly decreases and is no more than
12–15%. Both of these groups are formed on rocky–
crushed stone substrates, with lichenocenotype 5 at
the sites with deep snow cover. The total cover of
lichenocenotypes is determined by the species, each of
them having no permanently high cover. Thus, only
two trial areas with lichen coverage of more than 15%
were described at the heights up to 50 m; the species
Cetrariella delisei (forming small mats or cushions),
Melanelia hepatizon and Ochrolechia frigida make the
maximum contribution to this value. Beginning from
the height of 100 m, the cover of each species in both
groups is no more than 3–4%. The exception is the
species Lecanora polytropa, which showed 10% coverage in one trial area at the sites of coarse crushed stone
and fine flagstone (habitat type 5).
Other lichenocenotypes not shown in the diagram
(1 and 8) also have a tendency to the height-related
decrease in total cover; however, the dependence here
is extremely weak (R2 < 0.1), which is due to the constantly occurring species with the low values of coverage (2–5%) at the heights up to 100 m. The same
dependence is observed when lichen coverage
increases to 60% at the heights of 250 m and more in
lichenocenotype 7: in this case, the weak relationship
between the absolute height and the cover is due to the
presence of the areas of rocky placers at low heights
(50–70 m), where the total cover of lichens reaches
50–60% (the species Porpidia melinodes and Tremolecia atrata make the maximum contribution to this
value (30–35% each)).
The polynomial relationship between slope exposure and total cover (Fig. 12b) was observed for a small
sample of lichenocenotypes with respect to heat supply gradient (through slope exposure): N–NE–NW–
E–W–SE–S–SW. The high values of cover of lichens
are characteristic of the slopes of southern points: up
to 17–20% in lichenocenotype 7 (Melanelia hepatizon,
Pseudephebe pubescens, Tremolecia atrata: the slope of
southeastern exposure, point 6), 17% in lichenocenotype 5 (Ochrolechia frigida: the slope of southwestern
exposure, point 8). At the same time, the highest values of cover (up to 55%) were observed in the lichenocenotypes of habitats without any marked orientation
by the four cardinal points. This can be observed on
stony ridges (habitat type and lichenocenotype 7),
where the planes of big boulders and flagstones are
oriented simultaneously to several cardinal points.
There is also a certain pattern of change in the preDOKLADY BIOLOGICAL SCIENCES
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Fig. 12. The relationship between the total coverage of lichens and: height above sea level (a), slope exposure (b), the content of
the gravelly–stony fraction (c), the diameter of the polygon (spot) (d), the coverage of moss-like plants (e), the coverage of cushion-like plants (f). The ordinate axis indicates the total coverage of lichens, % (a―f), the abscissa axis indicates the height above
sea level, m (a), the slope exposure, points (b), the total fraction content of more than 0.125 mm, % (c), the polygon diameter,
cm (d), the coverage of mosses, % (e), the total coverage of cushion-shaped forms (vascular plants, mosses, lichens), % (f). Digital
designations and their respective lichenocenotypes (after dash) in diagrams: (a) (1, 2) 5, 6; (b) (1–6) 2, 4, 6, 8, 5, 7; (c) (1–7) 1,
2, 3, 4, 5, 6, 7; (d) (1–5) 2, 4, 6, 7, 8; (e) (1, 2) 4, 5;(f) (1–3) 4, 5, 6.

dominant slope exposure with respect to altitudes: at
the heights up to 50 m, lichens are more or less evenly
distributed across all exposures; in the height range
from 50 to 100 m, they are mainly found on the slopes
of southern point; at the heights from 150 to 250 m,
with the maximum cover, they are observed on the
slopes of northwestern and western (sometimes northern) exposure.
There is an exponential relation between the cover
of lichens and the content of the skeletal fraction in the
trial area for seven lichenocenotypes (1–7) (Fig. 12c).
The habitat of lichenocenotype 3 has the lowest content of the crushed stone–rocky fraction (20–30%)
and, accordingly, the lowest value of cover of lichen
(no more than 5% on bedrock debris rising above the
surface of wet silt–clay soil). In zonal habitats (1, 2),
the content of the skeletal fraction is 30–50%; the
cover of lichens in the respective lichenocenotypes
does not exceed 12%. In habitats 4 and 5, in the areas
of late-lying snow, the content of the skeletal fraction
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varies within a range of 40–65% and lichen coverage
ranges from 5 to 30% (in one case, it is up to 40%). The
upper right part of the diagram, the area of the high
content of this fraction (60–90%), is characterized by
an increase in the cover of lichens to 65% (lichenocenotypes 6 and 7). These lichenocenotypes are
formed in habitats with the high content of flagstone,
big boulders and, at the same time, medium- and
fine-sized crushed stone, where Sphaerophorus fragilis
has high cover.
There is a linear dependence between the diameter
of polygons and the cover of lichens for several
lichenocenotypes: 2, 4, and 6–8 (Fig. 12d). Small
polygons with a diameter up to 50 cm correspond to
the cover of lichens up to 15% (lichenocenotypes 2
and 8). The habitats of these lichenocenotypes are
characterized by the active sorting of soils: the pressing
of the crushed stone fraction to the surface of loams
and its migration to the peripheral part of the polygons. The increase in the diameter of polygons up to
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150 cm is accompanied by an increase in the cover of
lichens up to 35%, which is observed mainly in clefts–
depressions. The intensity of movement of crushed
stone material here decreases, and there is a wellmarked rim of the polygon, which the most of thalli
are confined to. Large polygons with a diameter of
more than 200 cm are formed on stony ridges or on dry
crushed stony plots (habitat type 7): the cover of
lichens here increases to 65%.
The polynomial relationship between the cover of
bryophytes11 and lichens was established in the two
types of habitats corresponding to lichenocenotypes 4
and 5 (Fig. 12e). In these habitats formed in the areas
of late-lying snow, the cover of bryophytes varies
within a wide range from 25 to 85%. In habitat type 4
with the predominance of meso- and macrochionotopes, the increase in the cover of mosses (Ditrichum
flexicaule, Stereodon bambergeri, S. revolutus, Campylium stellatum, Hymenoloma crispulum) from 25 to 55%
is accompanied by a decrease in the cover of lichens
(Cetrariella delisei, Cetraria islandica, Flavocetraria
cucullata, F. nivalis, Ochrolechia frigida, Sphaerophorus globosus, Thamnolia vermicularis s. 1) from 25
to 7%. In habitat type 5 with the predominance of
nival situation, with high (up to 85%) values of the
cover of mosses (Hymenoloma crispulum, Niphotrichum ericoides, Sanionia uncinata, Polytrichastrum
alpinum), the cover of lichens (Setgarella delisei,
Cetraria islandica, Lecanora polytropa, Stereocaulon
rivulorum) does not exceed 10%. In these two lichenocenotypes, the species Cetrariella delisei most characteristic of nival habitats forms fairly large carpets in the
wind shadow of flagstone and big boulders.
The same polynomial relationship characterizes
the ratio between the total cover of vascular plants,
mosses and lichens and the cushion growth form and
the lichens lacking it (lichenocenotypes 4–6: Fig. 12f).
The common feature of the habitats where these
lichenocenotypes are formed is the rocky–crushed
stony soils, although they are significantly different in
snow accumulation regime: the habitats of types 4 and
5 are nival (meso- and macrochionic); the habitats of
type 6 are mainly microchionic. The increase in the
cover of cushion plants and lichens (Cerastium regelii,
Saxifraga cespitosa, Hymenoloma crispulum, Niphotrichum ericoides, Ditrichum flexicaule, Racomitrium
lanuginosum, Andreaea rupestris, Cetrariella delisei) to
25–30% is accompanied by a decrease in the cover of
lichens from 15–20 to 5–7%, while further increase in
the coverage of cushion forms to 50–60% occurs
against the background of an increase in the coverage
of lichens to 30–35%. The maximum values of the
cover of cushion forms (50% and more) and, at the
same time, the highest values of the coverage of
11Bryophytes include mosses and liverworts. In the respective sec-

tions of the text, only the names of mosses are given, because
this group is absolutely predominant among bryophytes.

lichens (25% and more) were shown for habitat types
4 and 5 with intensive accumulation of snow.
Ecological Groups of Species
The humidity scale12 is represented by 19 standards; the range of the optima of ecological amplitude
is 16.1 points (Rusavskia elegans, 1.8; Peltigera canina,
17.9); the value of the strength of relationship with the
environmental factor varies from 0.04 to 0.95; the
width of the ecological amplitude is in the range is
0.01–1.00 with respect to the σ2 parameter and in the
range of 0.27–0.99 with respect to the Hi parameter
(Table 3). Different values of the width of ecological
amplitude are related with a logarithmic dependence
(Figs. 13a, 13b). When these parameters change from 0
to 1.0, the eurytopic index of the species overwhelmingly has the higher values than the variance of the
weighted mean (Table 3). These ranges were divided to
obtain the following gradations of the width of ecological amplitude of species: with respect to the variance
of the weighted mean: 0.01–0.33, narrow; 0.34–0.66,
medium; 0.67–1.00, wide with respect to the eurytopic index: 0.27–0.51, narrow; 0.52–0.75, medium;
0.76–0.99, wide.
The analysis of ecoclines presented in Figs. 14a–
14d shows that the overwhelming majority of species
on the humidity gradient have one apical distribution.
The exception is the species Stereocaulon rivulorum,
which has 2 peaks: in the middle part of the gradient
(Xj = 9.0) corresponding to mesomorphic conditions
with a variable humidity regime and in the right part
(Xj = 18.0) with mesomorphic conditions and a constant humidity regime (Fig. 14d). The position of the
species optimum on the scale made it possible to
establish 5 ecological groups of species with respect to
the soil moistening factor.
1. Xerotopes with the narrow to medium ecological
amplitude (Xj = 1.8–3.2, η2x = 0.72–0.92, σ2 = 0.01–
0.08, Hi = 0.27–0.59): Rusavskia elegans,13 Sphaerophorus fragilis, S. globosus, Porpidia melinodes, Umbilicaria proboscidea, Melanelia stygia, Allantoparmelia
alpicola, Rhizocarpon geographicum, Umbilicaria
hyperborea, Tremolecia atrata, Umbilicaria cylindrica
(Fig. 14a).14
12Humidity

is a complex factor, which includes both the level of
moisture per se (the level of water supply to vegetation) and its
variability. The latter, according to Ramenskiy, “is a necessary
development and corrective of the concept of humidity”
(Ramenskiy, 1971: 171).
13Hereinafter, the species of ecological groups are enumerated
with respect to increasing Xj.
14Three species with the optimum in this part of the scale ―
Rusavskia elegans, Sphaerophorus globosus, Umbilicaria cylindrica―have distributions with the optimum not exceeding the
coverage values of 2%; they were not included in the Figure not
to overburden the image in the lower part of the diagram.
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Table 3. Statistical parameters of the species of two ecological scales
Moisture scale

Rusavskia elegans
Sphaerophorus fragilis
Sphaerophorus globosus
Porpidia melinodes
Umbilicaria proboscidea
Melanelia stygia
Allantoparmelia alpicola
Rhizocarpon geographicum
Umbilicaria hyperborea
Tremolecia atrata
Umbilicaria cylindrica
Brodoa oroarctica
Pseudephebe pubescens
Lepraria gelida
Umbilicaria torrefacta
Melanelia hepatizon
Alectoria ochroleuca
Arctocetraria nigricascens
Bryocaulon divergens
Allocetraria madreporiformis
Parmelia skultii
Flavocetraria nivalis
Ochrolechia frigida
Cetraria islandica
Cetrariella delisei
Thamnolia vermicularis s. l.
Lecanora polytropa
Cladonia gracilis
C. pyxidata
Stereocaulon rivulorum
Flavocetraria cucullata
Peltigera canina

Xj

η2x

σ2

Hi

1.8
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
3.1
3.2
3.6
3.6
3.9
4.6
4.7
4.8
5.1
5.7
7.1
7.2
7.7
8.6
8.7
8.8
8.9
9.3
9.5
10.0
11.0
13.2
17.9

0.87
0.81
0.48
0.84
0.92
0.84
0.87
0.91
0.91
0.72
0.83
0.95
0.90
0.56
0.79
0.94
0.60
0.88
0.94
0.80
0.84
0.44
0.75
0.43
0.78
0.52
0.73
0.76
0.80
0.56
0.72
0.72

0.02
0.03
0.01
0.03
0.06
0.04
0.08
0.05
0.07
0.05
0.05
0.21
0.15
0.01
0.07
0.33
0.26
0.20
0.50
0.47
0.51
0.61
0.56
0.52
0.49
1.00
0.04
0.34
0.36
0.66
0.59
0.02

0.41
0.44
0.27
0.46
0.54
0.51
0.57
0.55
0.59
0.55
0.57
0.73
0.70
0.34
0.63
0.82
0.76
0.78
0.89
0.91
0.94
0.97
0.97
0.96
0.95
0.99
0.51
0.88
0.89
0.96
0.95
0.36
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Nivality scale

Porpidia melinodes
Tremolecia atrata
Umbilicaria hyperborea
Sphaerophorus globosus
Melanelia stygia
Sphaerophorus fragilis
Arctocetraria nigricascens
Allantoparmelia alpicola
Pseudephebe pubescens
Umbilicaria cylindrica
U. proboscidea
Rusavskia elegans
Lepraria gelida
Alectoria ochroleuca
Rhizocarpon geographicum
Brodoa oroarctica
Umbilicaria torrefacta
Bryocaulon divergens
Parmelia skultii
Flavocetraria nivalis
Melanelia hepatizon
Allocetraria madreporiformis
Ochrolechia frigida
Thamnolia vermicularis s. l.
Cetraria islandica
Cetrariella delisei
Stereocaulon rivulorum
Flavocetraria cucullata
Cladonia pyxidata
C. gracilis
Lecanora polytropa
Peltigera canina

Xj

η2x

σ2

Hi

1.7
1.8
1.9
2.1
2.2
2.3
2.5
2.6
2.7
2.8
2.9
3.2
3.4
3.6
3.7
3.8
4.1
4.2
4.5
6.1
6.2
7.3
9.6
11.2
11.5
11.6
12.5
12.9
13.2
13.4
16.0
17.9

0.88
0.86
0.87
0.90
0.91
0.92
0.60
0.94
0.92
0.87
0.73
0.79
0.67
0.88
0.88
0.9
0.67
0.69
0.71
0.68
0.83
0.45
0.33
0.65
0.53
0.55
0.63
0.74
0.8
0.87
0.59
0.85

0.03
0.03
0.03
0.03
0.05
0.05
0.01
0.06
0.10
0.05
0.03
0.04
0.03
0.21
0.13
0.24
0.08
0.10
0.16
0.51
0.85
0.24
0.97
1.00
0.67
0.66
0.75
0.54
0.41
0.38
0.02
0.02

0.42
0.42
0.41
0.45
0.53
0.51
0.36
0.56
0.61
0.53
0.48
0.55
0.45
0.74
0.71
0.75
0.66
0.67
0.75
0.92
0.88
0.81
1.00
0.99
0.99
0.99
0.97
0.95
0.90
0.90
0.38
0.43

The columns represent the following statistical parameters: Xj, the weighted average strength of the factor; η2x , the strength of the factor’s influence; σ2, the weighted average variance; Hi, the eurytopicity of the species.

2. Meso-xerotopes with the narrow-to-broad ecological amplitude (Xj = 3.6–5.1, η2x = 0.56–0.95, σ2 =
0.01–0.33, Hi = 0.34–0.82): Brodoa oroarctica,
Pseudephebe pubescens, Lepraria gelida, Umbilicaria
torrefacta, Melanelia hepatizon, Alectoria ochroleuca,
Arctocetraria nigricascens (Fig. 14b).
3. Xero-mesotopes with the medium to wide ecological amplitude (Xj = 5.7–8.9, η2x = 0.43–0.94, σ2 =
0.47–1.00, Hi = 0.89–0.99): Bryocaulon divergens,
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Allocetraria madreporiformis, Parmelia skultii, Flavocetraria nivalis, Ochrolechia frigida, Cetraria islandica,
Cetrariella delisei, Thamnolia vermicularis s. l. (Fig. 14c).
4. Mesotopes with variable humidity conditions
with the narrow to broad ecological amplitude (Xj =
9.3–13.2, η2x = 0.56–0.80, σ2 = 0.04–0.66, Hi = 0.51–
0.96): Lecanora polytropa, Stereocaulon rivulorum,
Flavocetraria cucullata, Cladonia gracilis, and C. pyxidata. Only Lecanora polytropa (σ2 = 0.04) is a species
with a narrow amplitude in this group (Fig. 14d).
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Fig. 13. The relationship of different indicators of the latitude of the ecological amplitude: (а) the scale of humidification, (b) the
scale of nivality. The ordinate axis: the degree of eurytopicity of the species (a, b); the abscissa axis: variance (a, b).
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Fig. 14. The ecoclines of species on the gradient of the moisture factor: xerotopes ((1) Sphaerophorus fragilis, (2) Porpidia melinodes, (3) Umbilicaria proboscidea, (4) Melanelia stygia, (5) Allantoparmelia alpicola, (6) Rhizocarpon geographicum, (7) Umbilicaria
hyperborea, (8) Tremolecia atrata) (a); meso-xerotopes ((1) Bryocaulon divergens, (2) Allocetraria madreporiformis, (3) Parmelia
skultii, (4) Flavocetraria nivalis, (5)Ochrolechia frigida, (6) Cetraria islandica, (7) Cetrariella delisei, (8) Thamnolia vermicularis s. 1)
(c), mesotopes of variable humidification conditions with medium and wide amplitude ((1) Stereocaulon rivulorum, (2) Flavocetraria cucullata, (3) Cladonia gracilis, (4) C. pyxidata), mesotopes of variable humidification conditions with a narrow amplitude
((5) Lecanora polytropa), mesotopes of conditions of constant humidification ((6) Peltigera canina) (d). The ordinate axis: the
coverage of lichens, % (a—d); the abscissa axis: the points of the moisture scale (a—d).

5. Mesotopes of constant humidity conditions,
where one species with a narrow ecological amplitude
was assigned with respect to the two parameters: Peltigera canina (Xj = 17.9, η2x = 0.72, σ2 = 0.02, Hi = 0.36)
(Fig. 14d).
On the nivality scale, 3 species are characterized by
bimodal distribution: Melanelia hepatizon, Ochrolechia frigida, Thamnolia vermicularis s. l. The distribution peaks of these species are in the left part of the
scale (Xj = 2, 3) corresponding to microchionic habi-

tats, and in the right part (Xj = 16, 17) corresponding
to meso- and macrochionic habitats.
The nivality scale has 19 standards; the range of
optima is 16.2 (Porpidia melinodes, 1.7; Peltigera
rufescens; 17.9). The η2x parameter varies in the range
from 0.13 to 0.94; the width of ecological amplitude is
in the range 0.01–1.00 with respect to the σ2 parameter and 0.36–0.99 with respect to the Hi parameter
(Table 3). The following gradations of the width of
ecological amplitude of species were obtained for this
scale: (a) with respect to the variance of the weighted
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Fig. 15. The ecoclines of species on the gradient of the nivality factor: achionotopes ((1) Porpidia melinodes, (2) Tremolecia atrata,
(3) Umbilicaria hyperborea, (4) Melanelia stygia, (5) Sphaerophorus fragilis, (6) Allantoparmelia alpicola, (7) Pseudephebe pubescens, (8) Umbilicaria proboscidea) (a); microchionotopes ((1) Alectoria ochroleuca, (2) Rhizocarpon geographicum, (3) Brodoa
intestiniformis, (4) Umbilicaria torrefacta, (5) Bryocaulon divergens, (6) Parmelia skultii) (b), mesochionotopes with medium and
wide amplitude ((1) Ochrolechia frigida, (2) Thamnolia vermicularis s. 1, (3) Cetraria islandica, (4) Cetrariella delisei, (5) Stereocaulon rivulorum, (6) Flavocetraria cucullata, (7) Cladonia pyxidata, (8) C. gracilis) (c), mesochionotopes with medium and wide
amplitude ((1) Flavocetraria nivalis, (2) Melanelia hepatizon), mesochionotopes with narrow amplitude ((3) Allocetraria madreporiformis), macrochionotopes ((4) Lecanora polytropa, (5) Peltigera canina) (d). The ordinate axis: the cover of lichens, % (a—d);
the abscissa axis: the points of the moisture scale (a—d).

mean: 0.01–0.33, narrow; 0.34–0.66, medium; 0.67–
1.00, wide; with respect to the eurytopic parameter:
0.36–0.57, narrow; 0.58–0.78, medium; 0.79–0.99,
wide.
Four ecological groups were established on the
basis of the nivality factor.
1. Achionotopes with the narrow to medium ecological amplitude (Xj = 1.7–3.4, η2x = 0.60–0.94, σ2 =
0.01–0.06, Hi = 0.41–0.61): Porpidia melinodes,
Tremolecia atrata, Umbilicaria hyperborea, Sphaerophorus globosus, Melanelia stygia, Sphaerophorus fragilis, Arctocetraria nigricascens, Allantoparmelia alpicola,
Pseudephebe pubescens, Umbilicaria cylindrica, U. proboscidea, Rusavskia elegans, Lepraria gelida (Fig. 15a).
2. Microchionotopes with the narrow to medium
ecological amplitude (Xj = 3.6–4.5, η2x = 0.67–0.90,
σ2 = 0.08–0.24, Hi = 0.66–0.75): Alectoria ochroleuca,
Rhizocarpon geographicum, Brodoa oroarctica, Umbilicaria torrefacta, Bryocaulon divergens, Parmelia skultii
(Fig. 15b).
3. Mesochionotopes with the narrow to broad ecological amplitude (Xj = 6.1–13.4, η2x = 0.33–0.87, σ2 =
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0.24–1.00, Hi = 0.81–1.00): Flavocetraria nivalis, Melanelia hepatizon, Allocetraria madreporiformis,
Ochrolechia frigida, Thamnolia vermicularis s. 1, Cetraria islandica, Cetrariella delisei, Stereocaulon rivulorum, Flavocetraria cucullata, Cladonia pyxidata,
C. gracilis (Fig. 15c, 15d). The species with a narrow
ecological amplitude (σ2 = 0.24) in this group is Allocetraria madreporiformis.15
4. Macrochionotopes with the narrow ecological
amplitude (Xj = 16.0–17.9, η2x = 0.59–0.85, σ2 = 0.02,
Hi = 0.38–0.43): Lecanora polytropa, Peltigera canina
(Fig. 15d).16
15The

categories of “mesochionotopes,” “macrochionotopes,”
etc. have relative values in the present work, because they characterize only the conditions of snow accumulation in a given
area and do not correlate with such categories established for
other regions of the Arctic. In polar deserts, the effect of macrochionicity can be achieved not only (and not so much) by the
high thickness of snow but also by the long period of its melting
at a relatively low thickness. Nivality is a complex factor composed of two simpler factors: snow thickness and time of snow
melting.
16The species Sphaerophorus globosus, Arctocetraria nigricascens,
Umbilicaria cylindrica, Rusavskia elegans, Lepraria gelida were
not included in Fig. 15.
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Fig. 16. The average distance between the optima of the ecological amplitude (ecological centers) in different ecological groups
of species on the gradients: moisture (a) and nivality (b). The ordinate axis: the distances between ecological centers (a, b); the
abscissa axis: ecological groups of species on gradients: humidification (a), nivality (b) AC―achionotopes, MicrC―microchionotopes, MesC―mesochionotopes). The standard error is given.

The minimum and maximum distances between
the optima of the ecological amplitude on the humidity gradient are in the group of xerotopes (0.5 ± 0.1)
and the group of mesotopes (2.0 ± 1.3), respectively
(Fig. 16a). The minimum distances between the species in the group of xerotopes characterize the maximum rate of changes in vegetation (Vasilevich, 1969).
On the nivality gradient, the minimum distance
between the species and, accordingly, the maximum
rate of changes in vegetation were obtained for the
group of microchionotopes (0.4 ± 0.1), while the maximum distance and the lowest rate of changes in vegetation were obtained for the group of mesochionotopes (1.5 ± 0.4) (Fig. 16b).

tor. Lichenocenotype 9, which is confined to habitats
with a long snowmelt period, takes the rightmost position. In addition to Peltigera canina, two more species
of this genus occur in this habitat: P. aphthosa and
P. malacea. These species prefer good snow cover and
uniform moisture content during the whole summer,
which is provided by a rather developed moss cover
(up to 9 cm in height) and the upper level of permafrost soils close to the soil surface.17 At the same time,
there are no areas with open water, reservoir runoffs,
etc. The habitats of this lichenocenotype are characterized by mesomorphic conditions persisting
throughout the summer, in contrast to ecological
group 4 where the upper soil horizons dry out to a certain extent by the end of summer.

Lichenocenotypes in the Ecological Space
of Environmental Factors

The space of edaphic factors, i.e., the content of
the skeletal fraction in soils and the diameter of polygons, includes 2 groups: (a) the lichenocenotypes
(with most of them in the lower left corner of the diagram) of small clay and crushed stone–loam polygons
and (b) lichenocenotype 7 occupying the opposite
pole of the axis and confined to the areas with boulder–flagstone material framed by large polygons
(Fig. 17b). The leftmost position on the diagram is
taken by lichenocenotype 3, which is common on the
silt–clay sediments of runoff gullies of the coastal
plain. The rightmost position in this group is taken by
lichenocenotype 6, where lichens colonize soils with
many small boulders and flagstone along with crushed
stone. The wide spread of values of polygon diameters
in lichenocenotype habitats 4 and 7, partially 8, is due

In the ecological space of the parameters of moisture content and snow cover, 9 lichenocenotypes are
relatively evenly distributed along the axis connecting
the dry and low-snow part of the space, on the one
hand, and the mesomorphic and macrochionic part,
on the other hand (Fig. 17a). The position corresponding to extremely dry and low-snow habitats is
occupied by lichenocenotype 7, with lichenocenotype 6
close to it. The central position in the space of these
factors, with the average values of moisture content
and snow cover, is occupied by lichenocenotype 1,
which is formed in the zonal positions of the landscape. One more lichenocenotype of zonal habitats, 2,
is located on the diagram much to the right of lichenocenotype 1 due to the wetter upper soil horizon. Three
lichenocenotypes (4, 5, and 9) are common for the
conditions of intensive snow accumulation, but their
differences are largely determined by the moisture fac-

17The

growth of mosses in the marginal parts of seaside and valleyside terraces is associated with the intensive nitrogen press
undergone by these habitats under the influence of the flocks of
sea birds in the premigratory period.
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Fig. 17. Lichenocenotypes in the space of environmental parameters. The ordinate axis: nivality (scale points) (a), the diameter
of polygons, cm (b); the abscissa axis: moisture, scale points (a), the content of the gravelly–stony fraction is more than
0.125 mm, % (b). The numbers on both diagrams are the numbers of lichenocenotypes. The standard error is given.

to the high mobility of substrate in these habitats and
instability of the shape and size of polygons. Significant variability in the content of the skeletal fraction in
the habitats of lichenocenotype 6 and lichenocenotype 9 is determined by variation in the size of the
crushed stone fraction (from fine to coarse) and by
different ratios of the pebble, gravel and coarse sand
fractions on seaside spits, respectively.
DISCUSSION
The previous assessment of lichen species activity
(Kholod and Zhurbenko, 2005) for the arctic tundra
subzone of the Wrangel Island allowed us to compare
the number of species assigned to the same category of
activity on the Severny Island of the Novaya Zemlya
Archipelago and on the Wrangel Island. On the latter,
there are 5 species classified as especially active; on the
north of Novaya Zemlya, there is only one; the number of highly active species is approximately the same
(10 on the Wrangel Island and 9 on the Novaya Zemlya Island). The decrease in the number of especially
active species in polar deserts is due to extremely low
temperatures of the growing season and low snow
cover, which is constantly blown away by strong winds
and does not protect lichen thalli from the corrasive
effect of snowstorms. It is known (Chernov and Matveyeva, 1979) that the biotopic attachments of species
in the Arctic tundra subzone become weaker; as a
result, they are able to colonize much more habitats
than in more southern subzones of the tundra zone.
However, in the zone of polar deserts this pattern is
broken due to the above-mentioned climatic causes: a
species, which is eurytopic in tundras, can exist in
polar deserts only in a limited number of habitats.
At the same time, a number of factors in this zone
favor lichen growth compared to the conditions of arctic tundras (Dombrovskayа, 1963): the absence of
thick moss covers and shading by shrubs (primarily by
the orthotropic willow species Salix glauca and
S. lanata subsp. richardsonii), which form small thickets in the central part of the Wrangel Island with the
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cover up to 65%18 (Kholod, 2007). In addition, in the
far north of Novaya Zemlya there is the abundance of
stony and crushed stony soils with high filtration
capacities, which increases the dryness of substrate
and facilitates its colonization by some lichen species.
Only 32 out of 84 species presented in Table 2 were
shown to have a reliable relationship with the moisture
and nivality factors, which is due to weak manifestation of the leading environmental factors in the polar
desert zone (Mirkin and Naumova, 2012), i.e., the
factors obviously predominant over all other factors
with respect to intensity of their effect on vegetation.
This leads to the situation when the effect of one factor
is approximately equal to the effects of several other
factors. In ecoclines, it is manifested in the marked
bimodality of distribution; in particular, the above
diagrams show three such species: Stereocaulon rivulorum (moisture scale), Ochrolechia frigida, Melanelia
hepatizon (nivality scale).
The decrease in the species diversity of lichens on
the gradient of altitudinal zonation (with zonal habitat
type 1 at the base of the “column” of such zonation
and with orozonal habitats at higher altitudes) corresponds to the decrease in the species diversity of vegetation of zonal positions on the latitudinal gradient, in
particular, from southern tundras to polar deserts
(Chernov and Matveyeva, 1979). This change in the
zonal habitats is happening much faster than in the
intrazonal habitats, e.g., wet areas, the areas of snow
accumulation, and rocky placers (Chernov, 2008). In
the far north of the Novaya Zemlya Archipelago, there
is no reliable height-related decrease in the number of
lichen species for intrazonal habitats: apparently, the
changes in species composition can be expected first
18The

exception may be some species of the genus Peltigera,
which in the arctic tundras of the Wrangel Island are constantly
found in the thickets of the shrubs Salix lanata subsp. richardsonii. It seems that the emergence of species of this genus of
lichens is associated with their gravitation toward macrochionic
sites: snow accumulation under the canopy of shrubbery (on the
Wrangel Island) and the relatively long period of snow melting
on the moss covers of Novaya Zemlya Island.
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of all on the altitudinal gradient. Thus, the change in
absolute height from 1500 to 2200 m (i.e., around
700 m) is the major factor of changes in the species
composition and cover of lichens for the mountainous
area of the Jasper National Park (Canada) (John and
Dale, 1990). The decrease in the mean air temperature
of the warmest month, August, from 2.3° on the
coastal plain to about 0.5° on the glacial plateau has
been mentioned above. A certain height-related
decrease in temperature occurs simultaneously with
the increase in distance from the sea shore, which has
a warming effect on the marginal part of the coastal
plain, and approaching the edge of the glacial dome,
which, on the contrary, has a cooling effect on the
adjacent habitats. This certainly contributes to the
increase in the temperature effect of absolute height
but is manifested only in the lichenocenotypes of
zonal (orozonal) and similar habitats. As regards
intrazonal habitats, the effects of humidity and nivality factors is so strong here that they “delay” the
changes in the parameters of species richness and
cover of lichens in the altitude range from 0 to 250 m,
as it could be expected in terms of the height-related
decrease in summer air temperature.
Slope exposure is an indirect indicator of heat supply to a habitat (Whittaker, 1980). In the far north of
the Novaya Zemlya Island there are exceptionally few
habitats oriented to the southern points (south, southwest, southeast). The highest frequency of south-facing habitats was shown for only two lichenocenotypes
in the areas of late-lying snow (4 and 5). However, the
heat from the daytime sun is spent here mainly on
snow melting, which lasts until early August. In the
summer nighttime, the sun also lights up northern
slopes, so that these slopes receive no much less solar
heat than southern slopes. The limited sample (n = 38)
and the value of coefficient R2 (0.3821) lead to the
conclusion that slope exposure is far from being the
most significant factor that determined the cover of
lichens in the surveyed area. At the same time, at the
heights of 50 to 100 m, the maximum number of
lichens was found on the slopes of southern exposure
(which are extremely few at these heights), but this is
explained by the decreased heat supply of habitats
depending both on the absolute height and on the distance to the sea coast, which has a significant warming
effect. At the heights of 150 to 250 m, some of these
species are found on the slopes of northwestern and
western exposure due to the dominant (for the most
part, northwesterly) winds, which desnow the slopes
and protruding parts of big boulders and flagstones in
winter. Small covers of Porpidia melinodes, Rusavskia
elegans, Melanelia stygia, and Pseudephebe pubescens
with the total cover up to 15% are formed precisely on
such planes of big stones open to the winds.
The increase in the cover of lichens on coarsegrained and flagstone soils in polar deserts (as well as
in the tundra zone) is promoted by the fact that this
material on slopes has a slower speed of movement

than the crushed stone–loamy fraction (Washburn,
1988), which makes lichens less exposed to the
mechanical effect of crushed stones sliding down the
slope. The relative stability of coarse-grained substrate, which makes it favorable for colonization by
lichens, was mentioned by Elvebakk (Elvebakk, 1984).
Large rock fragments are also often found in the middle of the coastal plain formed by loam and fine
crushed stone: as a result of frost heaving, the facets
and splits of fragments up to 35–40 cm in height
appear above the soil surface. Lichen covers
(Rusavskia elegans, Porpidia melinodes) completely
uncharacteristic of soils of the surrounding plain are
formed on the surface of such fragments. The formation of covers of the latter species on separately lying
stones has been noted for Spitsbergen (Elvebakk and
Hertel, 1996) and Eastern Fennoscandia (Gowan and
Ahti, 1993). The relatively high values of cover of some
species on stony–crushed stone substrates (Brodoaoro
arctica, Allantoparmelia alpicola, Umbilicaria hyperborea, Tremolecia atrata, etc.) are due to coexistence
of big boulders, flagstone with faces up to 1.0 m in
diameter and crushed stone material accumulated as a
result of weathering in the clefts between such boulders at the first stages of destruction of rocky ridges.
Further weathering leads to active formation of loams
with significantly lesser cover of lichens on their surface.
The interrelationship between the cover of lichens
and the diameter of polygons is also determined by different intensities of movement of loamy–crushed
stone material on polygons of different sizes. Most of
the polygons in the surveyed areas are 30–80 cm in
diameter, while polygons up to 200 cm in diameter are
much less common. Continuous processes of stony
material sorting on their surface lead to frequent
changes in the positions of cracks and depressions
between the adjacent polygons. The loams forming the
central part of polygons are more susceptible to seasonal movements (involutions, lateral pressure: Washburn, 1988) than the stony–crushed stone soils in the
frames of polygons.
As a result, the lichens on polygon surface do not
form any large patches, cushions, or carpets; most
often these are single small thalli of bushy or tube
lichens (Thamnolia vermicularis s. 1, Flavocetraria cucullata, F. nivalis, Vulpicida tilesii) along the thin chains
of crushed stone dividing large 1st-order polygons into
smaller ones. Relatively large and compositionally stable covers of lichens of the crustose (Porpidia melinodes, Athallia holocarpa), bushy (Sphaerophorus fragilis, Pseudephebe pubescens) and foliose (the species of
the genus Umbilicaria) life forms are common in the
cracks or junction zones between the adjacent polygons. The surface of both flagstone of 35–40 cm in
height and coarse and fine crushed stone, which occur
in such cracks separating polygons of about 200 cm in
diameter, is usually covered by the cushions of lichens
(e.g., Cetrariella delisei) up to 10 cm in height.
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Other plant groups, primarily mosses, significantly
influence the composition and cover of lichens in the
High Arctic. This influence can be manifested either
as competitive exclusion or as favorability (Fajardo
et al., 2008). The negative correlation between the
cover of mosses and lichens has been shown only for a
limited sample (lichenocenotypes 4 and 5), while
other lichenocenotypes in the north of the Novaya
Zemlya Island demonstrate no correlation between
the changes in abundance of mosses and the changes
in that of lichens. This is due to the low cover of
mosses (12–15% or less in the zonal types of communities): single tussocks of mosses do not contact lichen
patches, which does not cause the effect of competitive exclusion of any of these groups. Moreover, there
are frequent cases when a narrow lichen strip of 5–
7 cm in width is confined to the peripheral part of a
moss tussock or a large carpet: the latter are a kind of
a windscreen protecting lichens from snow corrasion.
There is still no clarity on the issue about the causes
of mass distribution of cushion growth forms in polar
deserts (Matveyeva, 2006; Plant…, 2015). However,
based on the above analysis, it can be assumed that the
predominance of these forms, especially in lichenocenotypes 5 and 6, is due to the relatively high dryness
of substrate. For lichenocenotype 6, it is caused by the
predominance of crushed stone and fine-stone soils
with high filtration capacity. In habitat type 5 with
late-lying snow, this property of soils is also manifested: due to the fact that meltwater is rather quickly
and deeply filtered into soils, and the surface of the latter after snowmelt is rather dry.19 This predetermines
the growth of cushion forms with the coverage up to
50% (as the growth forms most adapted to desiccation
tolerance), on the one hand, and the high value of
cover of lichens (primarily Cetrariella delisei, 25–
30%), on the other hand. In habitat type 4, where soils
are moistened a little more than in type 5, the cover of
cushion forms decreases to 40% and the average maximum values of the cover of lichens do not exceed 12%
(only in one case reaching 25%). However, the soil
surface here is also affected by rather thick snow that
determines the effect of soil desiccation.
The most multispecies groups are the ecological
groups confined to the left part of the humidity and
nivality scale: 11 and 13 taxa, respectively. In contrast,
the groups with the minimum number of species are
localized in the rightmost part of the scale and correspond to the groups of mesotopes of the conditions of
constant humidity and macrohionotopes (1 taxon and
2 taxa). Such peculiar asymmetry in species distribution on the scales is determined by the gravitation of
19The

cause of intensive water filtration is as follows: the high
thickness of snow prevents the upper soil layers from severe
freezing. As a consequence, the crushed stone–loamy mass
remains unfrozen under a thick snow cover: meltwater penetrates rather deeply and therefore does not cause the effect of
intensive moistening of soil surface.
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lichens toward relatively dry and low-snow crushed
stone–loamy polygons, on the one hand (Fig. 17a),
and to rather dry and low-snow stony habitats (Fig. 17b),
on the other hand. It is known that the depth of snow
cover determines the thermal regime of surface soil
layers throughout winter and soil moisture in spring
and early summer (Goward and Ahti, 1992). However,
in the zone of polar deserts, the most important characteristic of snow cover influencing the growth of
plants and lichens is not so much the thickness (depth)
of snow as its duration. At extremely low summer temperatures, snow of relatively low thickness (35–40 cm)
can melt for quite a long time (see above), which significantly reduces the already short vegetation period.
According to Benedict (1990), spring and early summer are the most critical periods for lichens when, as a
result of long-term snowmelt, lichen thalli remain for
quite a long time under the water layer, which causes
their death.
The intensity of snow melting, which in turn
depends on the underlying rocks and soils determining
moisture conditions, is essential for the formation of
particular lichenocenotypes. Snow melts much faster
on stony substrates than on loamy soils and faster on
loams than on the moss covers formed on loams.
Lichenocenotype 9 occupying the uppermost position
on the snow cover scale (Fig. 17a) is confined to loamy
substrates, often covered with mosses with the cover
up to 60–70%. The mosses (Campylium stellatum, Ditrichum flexicaule, Orthothecium chryseon, Pseudocalliergon turgerscens, Racomitrium lanuginosum, Stereodon revolutus) significantly delay the process of snow
melting; in addition, moss cover is a high-capacity
thermal insulator: the seasonal melting of permafrost
under this layer occurs very slowly and, as a result, the
moderate humidity regime is maintained here
throughout summer. This circumstance is represented
by the position of lichenocenotype 9 in the rightmost
part of the humidity scale.
Along with the modern environmental factors considered above, there is another, historical factor that
determines the possibilities of lichen colonization and
complex formation in the far north of the Novaya
Zemlya Archipelago: the recent release of the territory
from under the glacial cover. The factor that considerably delays the penetration of lichens (as well as vascular plants and mosses) into this territory and the formation of stable and species-rich floristic complexes is
the remoteness of this territory from more southern
land masses, where large vegetation refugia could be
preserved throughout the glacial period. According to
one of the concepts of glaciation of the Barents Sea
sector of the High Arctic (Siegert and Dowdeswell,
1999), in the last phase of the Quaternary glaciation
(15 000 years ago) there was an ice sheet, up to 1500 m
thick, being formed in the place of the Barents and
Kara Seas, and the entire mountain system of the
northern Novaya Zemlya Archipelago, with its
marked plateau-like relief, was covered with a glacier;

236

KHOLOD, KONOREVA

there were no unglaciated mountain tops where lichen
complexes could be preserved. The possibility that
lichen spores and lichen thalli could be imported from
the north, from the Franz Josef Land Archipelago,
with its basalt plateaus covered by ice sheets even now,
was almost completely excluded. For quite a long time
after the glacier had melted, the soils were drying up
and, at the same time, dealluvial–colluvial covers
were formed on mountain slopes. The high mobility of
this material contributed to the randomness of colonization of a particular habitat by a species and, consequently, the instability of species composition of
lichen complexes, significant variations in the cover of
many, including highly active, species.
Apparently, the ecotope structure of this territory
was formed in the very last period of the Holocene: 2–
3 thousand years ago. Probably, stony ridges that were
released from under the ice earlier than other ones
stood out at that time against the background of solid
ice sheet on the coastal plain, on the slopes of the glacial plateau and in its marginal part. The formation of
floristic lichen complexes (lichenocenotype 7) began
precisely on these ridges composed of both coarsegrained and crushed stone material. Intensive weathering processes under the conditions of proximity to
the sea contributed to the accumulation of crushed
stone material at the foot of the ridges and in the upper
part of the coastal plain. Here, on the material of
destruction of bedrocks (coarse and fine crushed
stone, sand, and partly light loam), the species complexes with different ecological amplitudes, first of all,
those comprising lichenocenotype 6, were established. The lichens of the latter formed a species bank
that was a basis for the development of habitats
released from ice at later times. On the other hand,
many species of this group (Sphaerophorus fragilis,
Pseudephebe pubescens, Porpidia melinodes, Melanelia
stygia) colonized the coastal plain very little, even
despite big boulders and flagstone often rising amid
loamy areas. The factor of soil mobility was of great
importance for the formation of lichen complexes of
the coastal plain. The lichenocenotypes of zonal habitats with more or less stable soils proved to be relatively multispecies (32 and 36 taxa in lichenocenotypes 1 and 2). The cryogenic processes contributing
to the sorting of stony material and the production of
patterned grounds (polygons, spots, bands, steps) were
important for the formation of these complexes. These
soils were most actively colonized by the species with
wide ecological amplitudes (Cetraria islandica,
Cetrariella delisei, Flavocetraria cucullata, Ochrolechia
frigida, Stereocaulon rivulorum, etc.).
However, the formation of lichenocenotypes of
zonal and similar positions is far from being
completed. Active physical weathering in the past 2–
3 thousand years contributes to the incomplete formation and continuous mobility of the cover of loose
Quaternary deposits, which can be observed in the
modern relief on the surface of stony ridges, the

mountain slopes and the coastal plain. Thus, new portions of coarse colluvium–deluvium are continuously
arriving at all slopes without exception, preventing the
formation of any patterned grounds here. The same is
observed on the plains, where the mass of crushed
stone and thin-flagstone material brought here by
deluvial–proluvial processes destroys the rudimentary
forms of polygons. On the coastal plain, all habitats
with the high content of crushed stone are exposed to
active cryogenic dynamics resulting in the formation
of fine-dispersed (light and medium loam) fractions
and their continuous displacement along the slope.
These processes are so intensive that even the release
of new territories from under the ice and partial drying-up of habitats even in the modern epoch does not
cause a wider “spread” of lichens from their refugia
and formation of floristically stable and species-rich
complexes. The position of lichenocenotype 7 on the
axes of edaphic factors (Fig. 17b) can be an indicator
of young age of the landscape and incompleteness of
habitat formation. Its marked remoteness from all the
other factors on the diagram and the absence of intermediate lichenocenotypes between this and all other
lichenocenotypes indicate that fragmentary material
in this area is little differentiated into fractions: in one
case, it is the outcrops of coarse-grained material with
a small admixture of crushed stone; in another case, it
is loam, also with an admixture of crushed stone.
Lichens form either covers and growths on big boulders and flagstones permanently occurring on stony
ridges, or patches, cushions on the crushed stone–
loamy substrate, which is accumulated at the foot of
mountain ridges and subsequently transported by
deluvial processes over the surface of the coastal plain.
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